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Introduction
Grizzly bear hunting is in high demand in the southeast corner of BC. The South Rockies Grizzly Bear
Population Unit (GBPU) in particular has been a management challenge for many years because there
are 9 guide outfitters, strong resident hunter demand and high non-hunter mortality. Past data have
generated imprecise population estimates and there is on-going debate over population size and
sustainable kill levels. The known grizzly bear mortality rate in the BC South Rockies has exceeded
5% of the estimated population in most years over the last two decades, which is the highest in the
Kootenay Region. About 75% of all the non-hunter grizzly bear mortality in the Kootenay Region
occurs in the South Rockies and Flathead GBPU’s, which cover about 15% of the Region. The South
Rockies is one of 3 areas in BC with consistently high levels of human-caused grizzly mortality.
Hunting has been reduced or closed several times in the South Rockies, and the neighbouring Flathead
unit, because female kill, or total kill, has exceeded maximum allowable mortality levels, while local
residents argue that bear numbers remain high or, are increasing. The demand for hunting, plus the ongoing uncertainty regarding population size, trend and sustainable kill levels has made managing
grizzly bear harvest in this portion of BC very complex.
The grizzly bear population of the southern Rocky Mountains in BC and Alberta connects the
grizzly bear population to the south in the Northern Continental Divide Ecosystem of Montana with the
continuous population further north because the areas to both the east and west are not occupied by
bears (Proctor et al. 2012). This population has presented several conservation challenges for
population managers because: i) coals mines have removed habitat and create broad scale disturbance
which may decrease bear use of the remaining or reclaimed habitats, ii) Hwy 3 and associated
settlement and development runs east-west across the area which impede north-south movement and
may compromise demographic rescue, iii) mortality of problem bears is high and, iv) the CP railway
also splits the area north-south and is an increasing source of mortality.
Long-term population datasets offer the opportunity to test questions and assumptions made by
population managers. The harvest rate used to set sustainable mortality levels is a policy decision that
makes many generalizations about grizzly bear population dynamics. The most basic assumption is that
there is resilience in population parameters such that bear populations respond to mortality with
increased reproduction or survival of individuals. The evidence for this “density-dependence” in
population parameters was only recently demonstrated in bears (Schwartz et al. 2006). The long-term
dataset from this study will allow the examination of the influence of the kill rate on population growth
and hence test assumptions about the sustainability of observed harvest levels in the study population.
Grizzly bear populations are limited from bottom-up factors by the abundance of plant foods,
and in particular the availability of fruit, which varies greatly in abundance annually. The abundance
and availability of animal based food sources such as salmon or ungulates also affect bear abundance.
Grizzly bears compete for these foods resources with black bears, which are more abundant and have
very similar diet and digestive systems to grizzly bears. In contrast, top-down forces such as humancaused mortality also limit grizzly bear numbers. We intend to compare how strongly each of these
factors influences population growth to better inform habitat and population directed management
decisions.

Objectives
1. Short-term objective-estimate grizzly bear population size, preferably by wildlife management
unit to support population management decisions.
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2. On-going monitoring objective 1-monitor the grizzly bear population trend in the two
southern Rocky Mountain grizzly bear population units (Wildlife Management Units 4-1 to 4-2
and 4-21 to 4-24) of BC as a direct measure of conservation status.
3. On-going monitoring objective 2-measure connectivity between the populations north and
south of Highway 3 using recapture data and evaluate, to the extent possible, preferred crossing
locations.
4. Long-term research objective 1-test assumptions about sustainable harvest rates for grizzly
bears.
5. Long-term research objective 2-compare grizzly bear population growth to measures of
habitat quality, seasonal weather, annual huckleberry productivity, and various sources of
mortality to test the degree that top-down and bottom-up factors limit these populations.

Study area
The study area covers roughly 12,000 km2 of the southern Canadian Rocky Mountains that has areas of
very high quality habitat for grizzly bears in the east but with areas of low quality habitat in the west
(Fig. 1). This area comprises two of the GBPUs in the Kootenay Region, the Flathead and South
Rockies units. GBPU’s are the basis for population management across the province (see
http://www.env.gov.bc.ca/wld/grzz/ -this website provides a description of the units and the BC
mortality management procedure). The southern border of the study area is the United States boundary.
The western border is the Rocky Mountain Trench, which does not support year-round grizzly bear
populations. The eastern boundary is the BC-Alberta border and the northern boundary is the watershed
boundary of the Elk and White Rivers.
Most human settlement in the study area occurs in the East Kootenay Trench and along the
lower Elk River. Development varies from ski-hills at Fernie to 5 large coal mines north and south of
Sparwood which are concentrated on large tracts of private lands. Logging occurs throughout the study
area and, while agriculture is common, it occurs mostly along the western boundary. The Elk river
valley joins the Crowsnest Pass and provides a low elevation pass through the Rocky mountains. A
major highway (Hwy 3) and railroad (CPR) occur here and these developments, along with the linear
human settlement, affect grizzly bear habitat use, mortality, and movement.

Methods
We collected genetic samples from grizzly bears to estimate population size and change through time
using mark-recapture methods. All human-caused grizzly bear mortalities are recorded by the
provincial government and we included this mortality data in our analyses.
Mortality
We collected mortality information from the BC compulsory inspection system records. These
inspections are compulsory for all grizzly bears killed by a human in BC. These records are checked for
spatial accuracy and other errors by Victoria Fish and Wildlife staff. A greater degree of data scrutiny
has occurred on data collected since 2004 and we used the 2004-2011 time period to describe recent
trends in mortality. We also encouraged all inspectors and conservation officers to collect hair or tissue
samples from every bear killed in our study area. These samples were then genotyped so that dead
bears could be removed from the live-capture dataset .
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Fig. 1. South Rockies and Flathead GBPU’s (thick red lines) showing BC Wildlife Management units
in black lines, provincial parks in light green and roads in brown.
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Field sampling
We set bait sites across the study area using a 16 km square grid to help space sample effort. We used
about 3 litres of rotted blood and 1 cup of rotted fish oil for bait and added beaver castor as a unique
scent for the second trapping session. We trapped two 14-day sessions each summer beginning in late
June and ending in late July (Table A1).
Beginning in 2008, we mapped rub trees throughout the study area and wrapped the trees we
intended to check each year with a piece of barbed wire about 1-2 m in length. We used the grid
network to select where to put our effort each year with the goal of achieving roughly equal effort
across the study area. During 2006-08 we used the same bait site locations and rub trees among years
but, in subsequent years, we made an effort to sample new locations each year. In fall, we set trail sets
on streams that had kokanee salmon runs where bears fished. We also sampled one location in spring at
Whiteswan lake where bears fished for rainbow trout in a man-made spawning channel. We used
standard methods for constructing detection sites (Mowat et al. 2005).
When we checked rub trees for the first time in June we collected hair samples that appeared to
be recently obtained. Hair samples that were faded or no longer supple were burnt off using a small
propane torch. We assumed that few samples older than about 30 days would generate genotypes
because hair left in a wet environment degrades and does not generate reliable genotypes (Brinkman et
al. 2010).
Kendall et al. (2009) showed that bait sites detect all ages of bears and work by Clapham et al.
(2010) showed that cubs and yearlings also rub on rub trees, although at a lower rate than adult males.
Females without cubs did not rub on rub trees in this study. Hence there is reason to question whether
rub trees are able to detect all the bears in a study area, which is a fundamental assumption of all markrecapture models.
In all years of study, our first detection session included the rub tree samples collected while
setting the bait sites and the spawning channel sites at Whiteswan lake. The second and third sessions
included the two bait site sessions and the rub trees that were checked during those two sessions.
Session four included all the rub trees checked after the two bait site sessions, usually during the
months of August and the early part of September. In later years we checked rub trees again during the
month of September or early October.
During 2006 and 2007 we sampled the entire South Rockies GBPU. In 2008 and 2009 we also
trapped the north portion of the Flathead GBPU. Beginning in 2010 we trapped both the South Rockies
and the Flathead units in their entirety.
We obtained data from earlier DNA-based grizzly bear surveys in our study area. Two
inventories were done in the Elk Valley in 1996 and 1997 (MU 4-23; Boulanger 2001), which is
roughly the eastern third of the South Rockies population unit. Surveys of the entire Flathead unit were
done in 1997 and 2007 (Boulanger 2001, Boulanger et al. 2008). Apps et al. (2007) surveyed two
smaller areas straddling Hwy 3 in BC and east into Alberta during 2002 and 2003. The primary
objective of the Elk Valley and Flathead surveys was to estimate population size and, sites were moved
each session in order to obtain greater sampling coverage and decrease capture heterogeneity. The Hwy
3 studies were designed to measure movement and connectivity across the highway and sites were not
moved during these studies (Table A1).
Laboratory methods
Genetic analysis was done at Wildlife Genetics International in Nelson, BC using standard methods
described by Paetkau (2003) and subsequently tested by Kendall et al. (2009). Laboratory errors were
so rare as to infer no measurable error in population results. We sub-sampled hair samples at bait sites
based on our previous work (Mowat et al. 2005) in order to reduce lab costs. We also experimented
with sub-sampling of rub tree samples. All bears were analyzed once at 9 microsatellite loci and a
sexually dimorphic nuclear loci used to assign gender. Combining all these markers provided very low
probability of identity measures which allowed for the confident identification of unique individuals.
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The power required to test for matches between individuals increases with sample size and the genetic
database (this study area and surrounding studies) included >2000 individual bears. Many bears were
analyzed at more than 9 loci for a population genetics study (Proctor et al. 2012). The above methods
ensured that individuals identified based on genotypes were nearly certain to assign to a single
individual and not a close relative.
Survey Design
We summarized detection data in order to better understand detection results so we could refine the
long-term sampling design. We compared the proportion of females detected by session and trap type
to assess whether females were relatively more vulnerable to our survey methods among seasons. We
also subjectively reviewed the distance between rub tree detections of individual bears along different
trails so we could minimize the detection of the same bear at nearby sites. We examined the number of
individual bears that were detected at a single rub tree to help decide how many samples to analyze per
rub tree to maximize the detection of different bears while minimizing the number of samples
genotyped, and hence cost.
Data Analysis
We used spatially explicit mark-recapture methods (Borchers and Efford 2008, Efford et al. 2009) to
estimate grizzly bear density among years and areas. Spatial mark-recapture models estimate density in
a defined region. The value of this approach is that it explicitly accommodates the spatial structure of
the sampling grid and in this way largely overcomes previous issues with spatial closure bias (Efford
2004). Additionally, because much of the variation in capture probability is caused by variation in
movements and residency among animals, the spatial approach also accomodates much of the
individual capture variation in the data. We created analysis units within each population unit in order
to compare density within population units. In the South Rockies we compared MU 4-23 to 4-21, 4-22
and 4-24. In the Flathead we compared 4-1 with 4-2. Each annual dataset was treated as a separate
survey though some model structures pooled parameter estimates among years. We had 16 annual
datasets for the: Elk Valley (2), Hwy 3 (2), the Flathead Valley (6; 2 sampled only part of the unit) and
the South Rockies (6; Table 2A in Appendix 2).
We built multiple models for each dataset that explicitly accomodated variation in detection
success or movement between rub trees and bait sites, different initial and repeat detection probabilities
at an individual site, and across temporal scales. Generally, each sex was analyzed separately but when
sex was unknown for some individuals a combined sex and 2-class mixture model (these are commonly
called heterogeniety models) was employed. This analysis has the benefit of defining heterogeneity
based on a known source of detection difference (gender) and, using all available data (Gardner et al.
2010). We also did joint analyses and combined the estimation of some parameters where it made
biological sense to pool sample sizes and minimize precision.
Mark-recapture sampling relies on movements of bears to bait sets and rub trees, but movement
blurs the definition of the target population and causes other problems when estimating population size
or density (Foster and Harmsen 2012). The spread of locations at which each individual is detected
provides information on the scale of movements in the study area. The spatial parameter sigma used in
spatial mark-recapture analysis is a direct function of individual movement that is not influenced by
trap spacing (Efford 2004). We compared the estimates of this spacing parameter to examine whether
movement patterns varied among sexes, areas and years.
We split the inventory data using the Elk river as the boundary between the Flathead and Elk
Valley (1997) or South Rockies (2006-11) study areas. For the 1997 Elk and Flathead valley surveys
we included data from a fifth 30-day sampling session which was run directly following session 4 and
used the same trap sites as session 4. For this reason sample sizes were different than first reported for
this study (Boulanger 2001). We did not have the original genetic data for 1996-2003 studies so we
could not check the accuracy of outliers.
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Results
Grizzly bear mortality
Known human-caused grizzly bear mortalities have averaged 19.2 annually between 1978 and 2011.
The number killed varied among years but there is little apparent trend since the mid-1980’s (Fig. 2).
The average kill was about 23 bears/yr between the mid-1980’s and the late 1990’s, then decreased,
largely due to a hunting closure in 2001, and has since increased to near previous levels. Similarly, the
proportion of females in the kill varied from <10 to >60% in any given year but showed no clear trend
through time (Fig. 2). Females have made up 36% of the kill during the 35 years since compulsory
reporting of human killed grizzly was implemented. The female proportion of the kill has averaged
40% over the past 8 years.
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Fig. 2. Total known grizzly bear mortality in the Southern Rockies and Flathead population units in SE
British Columbia, 1976-2011. The black line is the 5-year running average of total kill. The female
proportion of the annual kill includes 0.5 for records with unknown sex. There was no grizzly bear hunt
in 2001 (BC-wide) and 2011 (South Rockies only) which reduced the average kill during that period.
These data were taken from the BC Fish and Wildlife Branch Compulsory Inspection database.
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Fig. 3. The number of grizzly bears killed by hunters and other human interactions in the South
Rockies and Flathead population units in SE British Columbia, 1976-2011. Linear regression lines are
shown in black. Data were taken from the BC Fish and Wildlife Branch Compulsory Inspection
database.
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Fig. 4. Sources of human-caused mortality
of grizzly bears (n=165) in the Southern
Rockies and Flathead population units in
SE British Columbia, 2004-2011. Data
were taken from the BC Fish and Wildlife
Branch Compulsory Inspection database.

40

Hunting mortality has declined
slightly over the last 35 years largely due to
0
a complete hunting closure during 2001
Hunt
Control
Illegal
Road
Rail
and a partial closure in 2011. In contrast,
recorded non-hunting mortalities have tripled (Fig. 3). Control and illegal kills dominated the recorded
non-hunting kill prior to 2004; there were only 3 documented road and rail kills between 1978-2004 (n
= 100 kills). Road and rail mortalities were 30% of the non-hunting mortality between 2004-2011 (Fig.
4). Control kills include problem bear removal by Conservation Officers and defence of life and
property kills by the public. Illegal kills were malicious in nature or illegal attempts at hunter harvest.
About 40% of hunter kills were females while about 46% of non-hunter kills were females between
2004-2011. Road and rail strikes have killed at least 9 females and 3 males since 2004. Of the 11
grizzly bears known to have been killed by trains since 2006, 2 were adult females, 1 was an adult
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male, 3 were sub-adults and 3 were juveniles. Two train mortalities were not classified to age or sex.
Most train strikes appear to be adult females with young. Conservation officers could not visit all bears
killed by trains due to logistical or timing constraints.
The CPR records wildlife strikes and submits these annually to the provincial government.
Between 2000-2011, the CPR recorded 23 bear strikes in the South Rockies and Flathead GBPU’s.
Eleven of these strikes were recorded as black bear (9) or unknown bear (2). Twelve strikes were
recorded as grizzly and 11 of these were subsequently visited and inspected by an officer and were
recorded in the provincial compulsory inspection data summarized above. In 2 of the cases investigated
by an officer, CPR staff recorded striking more than one bear while the officer found only a single dead
bear. The comparison of the CI and CPR data suggest that CPR staff are quite accurate at identifying
grizzly bears during strikes. Conservation officers do not respond to strikes recorded as black bear so
we do not know how accurate CPR staff are at identifying black bears. The number of unrecorded
railway kills is difficult to assess because we have few data; 11 of 14 suspected rail kills were recorded
in the CI database which would suggest that about three quarters of the rail kills are currently being
recorded.
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Fig. 5. The timing of
grizzly bear hunting
mortalities in the South
Rockies and Flathead
population units of
southeast BC between
2004-2011 (n = 111).
The hunting season was
open from April 1 to
June 6 and limited to
hunters who were drawn
at random from a pool of
applicants.

Fig. 6. The timing of grizzly bear nonhunting mortalities (n =32) in the South
Rockies and Flathead population units of
southeast BC between 2004-2011.

Hunting mortalities occur in spring when the hunting season is open and most bears are killed in
late May and early June (Fig. 5). In contrast, non-hunting mortality happens throughout the year but the
majority of kills occur in late summer and fall (Fig. 6). Approximately 75% of all recorded non-hunting
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mortalities in the Kootenay Region are in the South Rockies and Flathead units (Mowat 2007; Fig. 7).
Road and rail mortalities are mainly in the Hwy 3 corridor (mortalities in the National Parks are not
shown). Control kills are distributed more widely but the majority are also near the Hwy 3 corridor
between Jaffray and the Alberta border. Hunter kills are more evenly distributed (Mowat 2007).

Fig. 7. Grizzly non-hunting mortalities in the Kootenay region 2004-2011. Yellow dots are control
kills, green dots are illegal kills, red dots are railway kills and brown dots are highway kills, small
black dots are hunter kills. Non-hunter grizzly bear kills are concentrated in the southeast corner of the
Kootenay Region of BC.

The trend in reported mortality may not be the same between the two population units. A
separate analysis for the South Rockies unit showed slight increases in average kill for the period of
1976-2011. Mean kill, from all causes, increased from 13 to 15 bears/year. During this same period the
average age of female bears in the sample changed little while that of males increased from 6 to 9 years
of age (Fig. 8). A simple index of kill rate can be calculated by plotting the proportion of males in the
kill for each age class. A weighted regression is fit to the data and a line that collapses to the X-axis
demonstrates that fewer males are killed in the older age classes, presumably because males cannot
reach the older ages due to high sex-biased mortality rates. In the South Rockies unit the regression line
decreased slowly and many bears were killed in the upper age classes >15 years of age (Fig. 9) which
suggests modest kill rates on male bears. Females are killed at much lower rates than males.
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Fig. 8. The average age of male and female grizzly
bears killed by hunters in the Southern Rockies
population unit with the regression lines weighted by
number of bears.

Fig. 9. The percentage of males in the hunter harvest at
each age with the regression line weighted by sample
size for the South Rockies population unit, summed for
the 21 years from 1990 to 2010.

Movements
Our multi-year sample detected 12 crossings of Hwy 3 by grizzly bears between 2006-2011 and one
crossing during 1997, all by males (Fig. 10). Straight-line assumptions of movement suggest that bears
crossed near Hosmer, the Corbin junction, near the Crowsnest summit and near Jaffray. Bears in our
sample have been detected by other researchers working around our study, except to the west, and as
far away as Banff National Park.

Year
Sexes combined
Elk Valley‐Flathead 1996‐1997
6134
Flathead
2007
4431
Hwy 3
2002‐2003
5310
South Rockies
2006‐2011
8756

SE
620
352
437
282

Female
3920
2436
3909
6511

SE
523
224
473
393

Males
7968
7236
6173
9484

SE
1219
1111
673
364

Table 1. Estimates of the spatial parameter sigma as calculated using spatial mark-recapture analysis in
the Southern Rockies area of British Columbia. Sigma is a measure of decline in detection probability
with distance from the home range center and can be considered a positive linear index of home range
size. It is estimated by fitting a model to the detection sites of individual bears, allowing for the known
locations of the detectors. The calculation process is complex and uses an iterative fitting procedure.
Sigma is estimated directly from the fitted model and is independent of trap spacing or effort unlike
other movement measures such as the mean maximum distance moved. This makes the sigma
parameter comparable among study designs and sampling methods.
11

A

B

Fig. 10. Location of hair traps or rub trees (red crosses), grizzly bear detections (blue circles) and
spatial movements of recaptured bears (thin blue lines) between A) 2006-2011 and B) 1996-1997. The
black line shows the location of Hwy 3 through the Rocky Mountains in BC. Sampling effort was
higher north of Hwy 3 than south of the highway during both periods. There were 1703 detections of
511 grizzly bears between 2002-2011 (A) and, 200 detections of 149 bears during 1996-1997.

Detection success and study design
We detected slightly higher proportions of female bears in bait sites during the late July session than
the earlier session in late June and early July (Fig. 11). The proportion of females detected increased
through the summer using rub tree sampling (Fig. 12). Note the latest trapping session presented in
Figure 12 summed detections from August to October hence we were not able to examine any trend
during this period.
We subjectively reviewed the distance between rub tree detections of individual bears along
individual trails and found that rub trees that were <300 m apart commonly detected the same bear.
Multiple detections of the same bear were less likely when trees were >300 m apart. And, multiple
detections became uncommon when trees were >1.5 km apart. In 2010 and 2011 we did not sample
most rub trees that were closer together than 500 m and, all adjacent rub trees that detected the same
grizzly bear were >600 m apart in those years. The average distance between adjacent detections was 1
km (range 0.6-4 km, n=19) and many other similarly adjacent rub trees detected different bears. These
data suggest that rub trees should be spaced at least 0.5 km apart in order to minimize duplicate
12

detections of the same bear. Duplicate detections of the same bears could be nearly eliminated by
spacing rub trees >1.5 km but, unique captures would also be missed with spacing this wide.
We analyzed all samples collected at rub trees in 2008 and 2009 and 27% of all rub trees that
detected a grizzly bear (n = 73 trees) detected >1 bear and 9% detected >2 bears at one collection
period. Three rub trees detected 4 different bears in a single check. In 2010 and 2011 we analyzed a
single sample from each rub tree except when the technicians collecting the samples felt there may
have been >1 bear visit a site based on sample colour or location on the tree. We had 78 grizzly bear
detections at rub trees during 2010 and 4 trees detected 2 bears during a single visit. During 2011, 109
rub trees generated detections at a single check and 7 trees detected 2 individuals and 1 tree detected 3
bears at these 109 check events. These sub-sampling changes resulted in multiple detections at only 8%
of the trees where we collected samples.

Fig. 11. The proportion of
female grizzly bears
detected between trapping
sessions using bait site
sampling methods in
southeast BC 2006-2011.
Session 2 was June 13-30
and session 3 was July 115. Session dates are
approximate and were
later during latter years of
the study.
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Fig. 12. The proportion of
detected grizzly bears that
were female among
trapping sessions using
rub tree sampling methods
in southeast BC 20062011. Session 1 occurred
before June 15, session 2
was June 13-30, session 3
was July 1-15 and session
4 was July 16 to late
September. Session dates
are approximate and were
later during latter years of
the study.

Population size and density estimation
We summarized each inventory dataset by year in order to conduct spatial mark-recapture analyses and
estimate density. These datasets varied in size and design (Table A1 in Appendix 2). Figure 13 shows
the spatial distribution of effort by year and trap type.

1996

1997

2002

2003

2006

2007

2008

2009

2010

2011
Bait set 1
Bait set >1
Rub tree

Fig. 13. Locations of bait sites (blue dots) and rub trees (red triangles) used to sample grizzly bears in
the South Rockies and Flathead population units of British Columbia 1996–2011 (some sampling in
2002 was in Alberta). Bait sets shown as open circles were used only once (i.e. they were moved
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between sampling occasions); filled circles denote bait sites that remained in place for more than one
occasion. Grey lines are 10-km UTM grid.

Elk Valley and Flathead 1996 and 1997 The Elk Valley was surveyed in 1996 and 1997 using
similar methods each year. In 1996 there were only 5 recaptures across 4 sessions of trapping and there
was a single movement of nearly 40 km by one individual. In 1997 there were 18 recaptures and no
large movements. The first Flathead inventory occurred during 1997 and was done concurrently with
the Elk Valley inventory. There were only 6 recaptures in this dataset. We combined these datasets into
a single analysis and estimated density in each valley for 1997 (Fig. 14). The best model supported
different density between population units, higher detection success of repeat detections of the
originally detected bear at individual sites, and used a sex based 2-class mixing model which allowed
the analysis to included individual bears that had not been assigned a gender. The density estimate for
the Elk Valley during 1996 and 97 was 43.5 (SE 8.2) and was 40.5 (SE 8.2) during 1997 in the
Flathead population unit. The proportion of females in the combined sample above was 0.70 (SE 0.07).
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Fig. 14. Selected grizzly bear density estimates for the Elk Valley (MU 4-23), the South Rockies and
Flathead grizzly bear population units of BC 1996-2011. Bars are +/- 1 SE. ‘Total’ is the sum of female
and male estimates, except for 1996–97 when a combined model was used that allowed sex-specific
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detection parameters while including a number of unknown-sex bears. South Rockies estimates are
from the unified model described below.

Hwy 3 The Highway 3 surveys straddled both sides of the highway in the lower Elk Valley
east to the Bow-Crow forest in Alberta. There were 27 recaptures in the 2002 dataset which was largely
east of Rocky Mountain divide and 16 recaptures in the 2003 dataset which was entirely west of the
divide in BC (Fig 13). The best spatial model supported different density between population units,
higher detection success at repeat detections at individual sites, and accommodated sex-based
differences in detection success and sigma. Spatial analysis generated density estimates of 33.1 (SE
7.2) for 2002 and 49.7 (7.3) for 2003; density was higher for the BC portion of the Hwy 3 area. Density
for the two Hwy 3 studies combined was (36.5; SE 7.4; Fig. 14).
Flathead 2007 This recent inventory involved intensive sampling and resulted in 33 recaptures
and a closed population estimate of 178 bears (SE 35) which derived a density of 55 bears/1000 km2
(Boulanger et al. 2008). The best model was a null model that accommodated sex-based differences in
detection success and sigma. No difference in density between MU 4-1 and 4-2 was detected but
female density was much higher than male density (Fig. 14). Spatial analysis generated a density
estimate of 31.7 (SE 6.4) (Fig. 14) which derived a population estimate of 109 grizzly bears.
Flathead 2008-11 Only the north portion of the Flathead unit was sampled in 2008 and 2009
and the entire unit was sampled in 2010 and 2011 but the sampling intensity was low. No credible
density estimates were possible from these data.
South Rockies 2006-11 A combined analysis using all 6 years of data and both rub tree and
bait site detections generated credible estimates of density for at least the first 4 years (Fig. 14). The
latter two years of data may be biased low because they were largely based on rub tree sampling. The
best model supported different density among years, higher detection success of repeat detections at
individual sites, and accommodated sex-based differences in detection success and sigma. No
difference in density between MU 4-23 and 4-21, 22 and 24 was detected. Female density was much
higher than male density in all years (Fig. 14). Density appeared to decline about 1.1 bears/1000 km2
per year between 2006 and 2011 based on a regression across these 6 years of data however, the fit of
this analysis was poor (r2 = 0.15) and the standard errors of all estimates overlapped considerably (Fig.
14). The mean density for the South Rockies during 2006-11 was 35.2 bears/1000 km2 (mean SD =
1.8). Rub trees generated >50% of the detections during the last two years of sampling (Fig. A4) which
likely lead to a negative bias. A helicopter was used only during 2007 and 2008 and the ability to space
traps more evenly through the area may have lead to more equal detection success and a less biased
density estimate. The density estimate for 2006-09 was 37.7 (2.9) and for 2007-08 was 41.4 (6.4)
which derived population estimates of 309 and 339 bears.
Population estimates derived from spatial mark-recapture densities were not all similar to earlier
population estimates, all of which were corrected for population closure by various ad hoc methods.
Most notably, the population estimate for the very intensive 2007 survey in the Flathead was 178 bears
and only 109 using spatial models (Table 2).
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Study area Year Group

Elk Valley
Flathead

1996
1997
1997
2007

all
all
all
all

Density

Non‐spatial (derived) Spatial
29.3
43.5 (8.2)
24.2
43.5 (8.2)
47.8
40.5 (8.2)
54.8
31.7 (6.4)

Population size

Non‐spatial
100 (38)
65 (28)
156 (47.6)
178 (34.8)

Recaptures

Spatial (derived) Non‐spatial Spatial
148
5
5
148
18
24
139
6
7
109
33
44

Mean
closed
capture
probability

Citation for non‐spatial
estimates

0.1
0.27
0.1
0.14

Boulanger 1997
Boulanger 2001
Boulanger 2001
MacHutchon et al. 2008

Table 2. A comparison of density and population estimates using closed model mark-recapture analysis
and spatial mark-recapture analysis. The spatial estimates for the Elk Valley in 1996 and 1997 are the
same because the preferred model was constrained to a single estimate of density for both years.
Numbers in brackets are standard errors.

Discussion
Mortality
The number of known grizzly bear mortalities in the southern Rocky mountains of BC has varied
greatly among years since the early 1980’s. Hunter kills declined slightly during this period while nonhunter kills have increased measurably. Several garbage dumps were closed during this period and two
Bear Aware programs, one in Fernie and one for the rural parts of the Elk Valley, were implemented.
These changes helped reduce front country grizzly bear mortality although dump closures can lead to
high mortaltiy immediately following closure (Mowat 2007). Road and railway mortalities have
increased substantially in the last 10 years and the reasons for this are unknown. Also, back-country
mortalities, which appear largely associated with hunting camps, have increased in at least a portion of
the area (McLellan, In Prep.). Targeted programs may be necessary to reduce these mortality factors.
One possible explantion for the general increase in reported non-hunting mortalites is a change in
social attitudes towards grizzly bears. In the 1970’s very few non-hunting mortalities were likely
reported which may have been due to the public attitude towards grizzly bears during this period.
Public sympathy towards conservation and grizzly bears has increased in recent decades which may
have encouraged greater public reporting of non-hunter kills.
A meta-analysis of radiocollar-based research suggested that reported mortality in the Canadian
montane area of southern BC was about 75% of the total human-caused mortality (McLellan et al.
1999). Much of the data for this study came from within our study area however reporting rates of
control kills may have declined as back-country conflicts have increased during the last decade. More
recently, and also in the Flathead valley, McLellan (In Prep.) has presented data in which all grizzly
bear hunting mortalities were recorded in the BC Compulsory Inspection database, while only about
one third of non-hunting mortalities were recorded. Our comparison of the CPR strike data and the CI
data suggested that about three quarters of railway caused kills were recorded by the CI system. This
information demonstrates that the recorded mortality of grizzly bears in the southeast portion of BC is
considerably lower than the actual number of bears killed by people.
Recent work in this ecosystem documented very low natural mortality of adult female grizzly
bears (Mace et al. 2012, McLellan, In Prep.) which was also true in the isolated Yellowstone ecosystem
further south (Schwartz et al. 2006). Accurately measuring human-caused mortality, especially that of
adult females, is essential in exploited grizzly bear populations because it is the most important factor
influencing population growth. Radiocollaring studies are the only current method available to
measure unreported mortality, and these may be negatively biased because in some situations, people
may not kill a collared bear where they would have killed an uncollared bear (McLellan, In Prep.)
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Movements
Grizzly bears from the South Rockies of BC have been detected north in Banff National Park, south
into Montana and east into Alberta. DNA studies began in this ecosystem in 1996 and several thousand
bears have been genotyped since that time (see Proctor et al. 2010 & 2012 for an overview of these
projects). Movements among study areas across years are common however movements between
individual simultaneous inventories are not common. During inventories in SW Alberta, the Elk and
Flathead Valleys during 1997 only 2 male bears were detected on both sides of the continental divide
(Mowat and Strobeck 2000). Similarly, in an inventory that spanned the South Rockies in Alberta and
the Flathead Valley in BC during 2007, only 6 male bears were detected on both sides of the divide
(Boulanger et al. 2008). Short-term studies that have sampled on either side of Hwy 3 have also
detected little movement (Proctor et al. 2005). The 1997 inventory mentioned above detected only one
male crossing the highway (Fig. 10B. A DNA-based study by Apps et al. (2007) specifically designed
to assess movement across the highway only detected one male crossing in BC and one male and
female crossing in Alberta. A meta-analysis of the above data plus more detected 10 male migrants and
1 female migrant across Hwy 3 in the Rocky Mountains (Proctor et al. 2012). Our 2006-11 data
detected a further 12 crossings by males from 1703 grizzly bear detections. These observations do not
necessarily suggest low movement across the highway, they may also be explained by the low
recapture rates that are typical of grizzly bear inventories. Moreover, most of these inventories occurred
in early summer when movement rates are lowest. In late summer, bears may make large movements to
berry fields and then move little; in fall they are known to move widely following the berry season.
This behaviour could explain the relatively few movements detected among adjacent surveys. In
addition, the high mortality of bears in the Hwy 3 corridor may also contribute to the lack of movement
across the valley. Radiotelemetry may be a better method to sample discrete movement of individuals.
About half of the grizzly bears radiocollared sufficiently close to Hwy 3 to be expected to cross the
road actually did cross (Apps et al. in prep).
Study design
Our data support those of other workers who have shown that the proportion of females detected
increases from spring through summer using baited sample sites and rub trees (Kendall et al. 2008,
2009). And data from Montana, adjacent to our study area, demonstrated that even the highest females
ratios observed at rub trees in the fall were below those expected in the standing population (Stetz et al.
2010). The female sex ratio at bait sites in summer approaches their expected proportion of the
population (Kendall et al. 2009). Adult female abundance and survival are key parameters to grizzly
bear population growth and maximizing female detections is important for any monitoring study. We
conclude that sampling later in summer with bait sites and into the fall with rub trees will maximize
female detections. In addition, rub trees do not appear to sample all female bears on the study area in
any given year, as observed in coastal BC (Clapham et al. 2012).
It appears that many grizzly bears rub on nearby trees. Sampling the same bear during the same
occasion generates no recapture information, little movement data, and increases laboratory costs. We
no longer sample rub trees that are within 0.5 km to reduce the collection of redundant samples.
Additionally, most rub trees were rubbed by only one bear and lab analysis of repeated samples
collected from the same tree will increase lab costs with little gain in data. We now ask fieldworkers to
consider the location of the samples on the tree and only instruct the lab to run more than one sample if
it is likely more than one bear rubbed the tree based on the location of the sample on the tree or the
appearance of the hair. But, this procedure has reduced the number of multiple detections and may need
to be relaxed.
Population density
Earlier estimates of density for various portions of the study range between 24-55 grizzly bears/1000
km2 (Table 2). The previously tendered closure corrected estimate of 65 bears for the Elk Valley in
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1997 was considered a very tentative number by the analyst because he did not feel there was any
credible way to correct for closure bias (Boulanger 2001). The estimate of 65 was hotly disputed by
local residents, which prompted Wildlife Branch staff to use a consensus based number of 98 bears for
harvest allocation. Closed model population estimates that were not corrected for closure based on the
1996 and 1997 data varied from 100-215 bears while the spatial estimate was 148. Hence spatial
analysis suggested the closure bias was likely substantive, as suggested by Boulanger (2001). We
conclude that a population estimate of greater than 100 resident bears for the Elk Valley in 1996-97 is
supported by both closed and spatial capture-recapture analysis, two independent datasets, and the
general consensus of local residents.
The population estimates among different models and closure correction methods were less
variable (126-156) for the Flathead Valley in 1997 but, the precision from all estimators was very poor
due to the small number of recaptures. A more accurate estimate of density, and abundance, is almost
certainly provided by the combined Elk and Flathead Valley spatial analysis, which is also
considerably more precise. The spatial results suggest a more modest closure bias than in the Elk
Valley of about 11%.
The spatial analysis for the Flathead in 2007 suggests the aspatial estimate of population size
for the Flathead population unit was biased high. The aspatial estimate was 178 (CI 130-271;
Boulanger 2001) while the spatial estimator derived a population estimate of 109 (Table 2). The
aspatial analysis was based on a meta-analysis of 5 similar studies which generated a population
estimate 40 bears greater than credible closed model analysis of the 2007 by itself (ie: not as part of a
meta-analysis). Further, an ad hoc closure correction method was used that assumed radiocollared bears
had similar residency to the sampled population. Both these analysis methods appear to have generated
a positive bias which was substantive when summed. A comparison of the stand alone closed estimate
(138) with the spatial estimate (109) suggests that closure correction for the 2007 study was
approximately 21% of the super-population estimate.
The South Rockies sampling was designed to monitor trend and so annual trapping effort was
modest compared to earlier studies. Moreover, a helicopter was only used to access remote areas during
2007 and 2008 and then only for one session. A helicopter was used to access remote areas in all
sessions of previous inventories. The use of a helicopter likely leads to more even detection
probabilities because trap spacing is more even; this is especially true in mountainous environments
where remote areas often have the best bear habitat. Rub trees may not sample all the bears available
each year due to behavioural choices made by females (Clapham et al. 2012) and, rub trees have large
variation in detection success across time and perhaps individuals (Stetz et al. 2010). Closed population
estimates that rely heavily on rub tree data are expected to be negatively biased. We believe the best
estimate of current density in the South Rockies is based on the mean estimate for 2008 and 2009
because helicopters were used to access sites and few rub trees were employed during those years.
Several notable trends in model selection were apparent. Male bears had larger movements and
lower detection probabilities in all studies. Rub trees tended to have lower detection success than bait
sites though rub tree detection occasions were much longer and more arbitrary. Temporal differences in
detection success were small for bait sites and large for rub trees and varied by sex although, neither
effect influenced density and these models were never heavily weighted by the model selection
procedure. We concluded that gender must be explicitly accommodated in all analyses of grizzly bear
movement and detection and chose to run separate analyses for each sex. Most analyses will also need
to accommodate variation in detection success between rub trees and bait sites when both detection
methods are used.
Both rub trees and bait sites had higher detection success for individuals that had already been
detected at that site and, this effect was stronger for rub trees. Previous closed model analyses of DNAbased bear inventories have rarely detected a behaviour response when non-rewarding baits were used.
The response detected here was specific to a single site and may not be motivated by a “trap happy”
response that is often used to explain positive behaviour response. Increased repeat detection success at
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both bait sites and rub trees may simply be explained by the fact that bears are most commonly first
detected at the site that is closed to their current center of activity. And, the further the spacing between
traps the less likely a bear is to be detected at a different site. Trap spacing was large in our study
because the primary goal was to monitor trend through time and less to generate an estimate of density
or population size. Rub trees had higher detection success for repeat detections than bait sites and
spacing of rub trees was greater and less even than bait sites (Fig. 13). We suspect that site specific
behaviour will need to be accommodated in most grizzly bear inventory designs except perhaps when
trap spacing is small and sites are moved among sessions such as the Flathead 2007 study.
Population trend
We beleive the density estimates for the South Rockies in 2010 and 2011 we biased low due to
the reliance on rub tree sampling. This bias suggested a population decline between 2006 and 2011 but
we reject this. We feel the best estiamte of density is the mean of the two years when we used a
helicopter to access remote parts of the study area (2007 and 2008). This mean density is < 2
bears/1000 km2 lower than the 1997 Elk valley estimate. We conclude that there is no evidence of a
short or long-term popuation decline in the Elk valley or South Rockies grizzly bear populations.
Spatial density estimates for the Flathead unit suggest a 24% decline in female numbers
between 1997 and 2007. There is no apparent decline in male numbers but the 1997 estimate was based
on very few recaptures in both the Flathead and Elk Valleys, which may have resulted in a negative
bias (Fig. 14). The combined sex analysis for Flathead 1997 suggested a 22% decline in numbers
between 1997 and 2007 (Table 2). McLellan (In Prep.) observed a decline in population size of
approximately 50% during the 2000’s in the southern part of the Flathead population unit. He
suggested this was due to the population increasing to a high density during the 1980’s and 90’s and
followed by a series of poor huckleberry crops during the 2000’s. In his 202 km2 area that had
experienced intensive industrial development, McLellan (In Prep.) had up to 10 adult females
radiocollared and when weighted by the proportoin of area or GPS locatations in this area, calculated a
minimum peak density of 56 bears/1000 km2 excluding males > 2 years of age. Our results suggest the
decline observed by McLellan (In Prep.) in the southern Flathead occured throughout the unit though
the decline may have been less across the entire unit.
Mapping of huckleberry cover
A detailed analysis on the use of remote sensing to index huckleberry spatial abundance is presented in
Neilson and Neilson (2010). After two years of investigation the authors concluded that the reflectance
signatures for huckleberries were not unique among others signals picked up by LandSat multichromatic sensors. Nor was aerial mapping of huckleberry stands a feasible technique for monitoring
stand size or distribution because of the difficulty in accurately turning aerial transect flights into map
polygons. The authors provided suggestions for other possible ways of monitoring the spatial
distribution of huckleberries but none of them appeared likely to give the desired results. We concluded
that we will not be able to use remote sensing nor aerial photography to map the aerial extent of
huckleberry dominated stands across the time period of the study (i.e. 1996-2011).
The above authors also evaluated the use of fire history data to monitor fire generated forest
openings and they deemed this possible using Canadian Forest Service data. The wildfire data may act
as a surrogate for huckleberry abundance because huckleberries often achieve their greatest abundance
in mid to high elevation burns, although huckleberries in some clearcuts are also very productive
(McLellan, unpublished data). The Crown Managers Partnership has developed vegetation and human
use indices for the Crown of the Continent area which includes our entire study area. Their mapping
includes recent fire history data and their future goal is to use LandSat data to derive measures of each
index from the early 1990’s to the present day. They hope to have this done by 2014. We plan to use
their annual cover maps to derive potential measures of herbaceous food, berries, and human use to
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examine factors that limit grizzly bear abundance. See the CMP website for more detail
(crownmanagers.com).

Conclusions and Management Reccomendations
We believe that spatial mark-recapture methods provided more accurate measures of density for all the
inventories analyzed in this study. The ad hoc methods of correcting for closure of earlier authors
provided similar corrections for closure bias in the Flathead during 1997. The uncertainty around
correcting for closure for the Elk Valley surveys generated uncertainty by managers and hence they did
not use any of the tendered population estimates for the Elk Valley but, instead chose to derive a
population prediction by expert opinion. The spatial based estimate should remove much of this
uncertainty and, indeed, provided an estimate that was similar to the expert-based prediction for the Elk
Valley. The Flathead 2007 density estimate was likely biased high by the meta-analysis and the use of
collared bears to calculate a closure correction factor. Both methods imply fairly strong assumptions
about the similarity of all studies in the meta-analysis or, the representativeness of the collared sample.
These density estimates provide managers with defendable estimates of current abundance
(Table 3) and, allow some retrospective analysis of past kill rates. Our results also demonstrate that
monitoring density as a measure of population change or conservation status is only likely to generate
precise results when sampling is intense with respect to population size. Despite considerable efforts to
pool data and fix parameters within studies or across occasions, our density estimates were not precise
and would only detect large population changes unless the dataset spanned many more years than the
six presented here. Our original plan was to use open mark-recapture models to estimate trend and this
is our next objective

GBPU

MU

Flathead

4‐
01
4‐
02
4‐
23

Flathead
Flathead

LEH
Zone

Density
estimate in
management
use 2012
52.8

Best
density
estimate
1990's
40.9

Population
estimate
1990's

1515

Population
estimate in
management
use 2012
80

1183

65

55.0

689

33

47.9

3387

178

52.6

1320

49

36.9

44.0

58

41.9

55

2359

87

36.7

44.0

104

41.9

99

4‐23A

1723

66

38.6

44.0

76

41.9

72

4‐23B

857

32

37.3

44.0

38

41.9

36

1841

68

36.7

44.0

81

41.9

77

8100

301

37.2

4‐23C

Flathead
South
Rockies
South
Rockies
South
Rockies
South
Rockies
South
Rockies

South
Rockies

4‐
21
4‐
22
4‐
23
4‐
23
4‐
24

Land
Area1

Population
estimate
2000's

62

Best
density
estimate
2000's
32.1

40.9

48

32.1

38

40.9

28

32.1

22

139

356

49

109

339

Table 3. Density and population estimates by management unit for the South Rockies and Flathead
population units. The estimates currently in use were derived from an expert-based discussion for the
South Rockies unit and based on the 2007 inventory for the Flathead unit (Boulanger et al. 2008). The
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1990’s estimates for the South Rockies are extrapolated from the 1996 and 1997 Elk Valley inventories
and from the 1997 Flathead inventory for the Flathead unit. The estimates for the 2000’s decade are
from the spatial analysis of the Flathead 2007 data and are a mean of spatial analysis of the 2007 and
2008 South Rockies inventory data.

The grizzly bear kill has declined in the Flathead unit and increased in the South Rockies since
the 1990’s (Table 4). However the population in the Flathead has declined while that in the South
Rockies has not changed, based on our analyses to date. Current and historic kill rates are all below 5%
when summarized at the population unit level. At the MU level, 4-23 had, and continues to have, a
much higher kill rate than all other management units. In part, the kill rate in 4-23 is higher because it
includes the area on both side of Hwy 3 which is the area with the highest non-hunter kill (Fig. 7).
About one third of grizzly bear kills in the Southern Rockies are not caused by hunters.
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e
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e
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kill

kill
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62

2.5

4.0%

80

1.6

2.0%

49

1.6

3.3%

1183

48

2.5

5.2%

65

1.9

2.9%

38

1.9

5.0%

689

28

3387

139

5.9

4.3%

178

4.9

2.8%

109

1320

58

1.3

2.2%

49

1.5

3.1%

55

1.5

2.7%

2359

104

3.5

3.4%

87

4.9

5.7%

99

4.9

5.0%

1723

76

7.7

10.2
%

66

9.1

13.7
%

72

9.1

12.6
%

857

38

1841

81

1.7

2.1%

68

1.9

2.8%

77

1.9

2.5%

8100

356

13.4

3.8%

301

15.9

5.3%

339

15.9

4.7%

33

22

32

4.9

4.5%

36

The kill rate for WMU 4-23 includes all the area of 4-23.

Table 4. A comparison of grizzly bear kill rates by wildlife management unit for the South Rockies and
Flathead units during the 1990s (kill data = 1993-2003) and the 2000’s (kill data = 2004-2011) based
on current population estimates and those reported here. These rates are based on all known kill.
Unreported mortality is predicted to be 2% per year in these units. The current kill rate in the Flathead
was likely higher than previously assumed, while that in the South Rockies was slightly lower.

Neither the South Rockies 2006-2011 nor the Flathead 2007 analyses detected differences in
density within the analysis areas despite considerable differences in habitat quality and much local
knowledge suggesting bears are grouped in areas of higher density in these study areas. Movement and
detection data support the observation that bears are clumped, presumably due to habitat differences
(Fig. A3). Results from the Hwy 3 analysis and McLellan (In prep) suggest the lower Elk and lower
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Flathead valleys have higher than average density. We may not have been able to detect these
differences because the sub-units of analysis that we chose (BC wildlife management units) did not
align well with the variation in density. Alternatively, our datasets may have been too sparse to detect
these effects and out-compete simpler models. If the former explanation is true then using a mean
density for each population unit is appropriate, if the latter is true it would be appropriate to
subjectively adjust density among units to reflect observed differences.

Future work
We intend to monitor population growth in the South Rockies and Flathead GBPU’s into the future.
These data will allow more informed management of on-going mortality, test assumptions around
restoring and maintaining connectivity across highway 3 and, measure exchange with nearby
populations, some of which are threatened.
We also plan to test the hypothesis that huckleberry burns are the dominant factor (compared to
other habitats and human distribution) influencing bear abundance by relating variables that index
huckleberry spatial abundance with estimates of population density and growth through time. Because
huckleberry fruit production is highly variable among years we intend to include one or more indices of
annual production in the analysis.
Data from this study was, or will be, used in the following papers or analyses:
•

•
•
•

•

•

•

Proctor, M., D. Paetkau, B. McLellan, G. Stenhouse, K. Kendall, R. Mace, W. Kasworm, C.
Servheen, C. Lausen, M. Gibeau, and G. Mowat. 2012. Population fragmentation and interecosystem movements of grizzly bears in western Canada and the northern USA. Wildlife
Monographs No 180.
Efford, M., D Borchers and G. Mowat. 2013. Varying effort in capture-recapture studies.
Methods in Ecology and Evolution 4:629-626.
Efford, M. and G. Mowat. 2013. Compensatory heterogeneity in spatially explicit capturerecapture data. Ecology Letters, In Prep.
Will McInnes, a research technician working with Greg McDermid at University of Calgary
and Scott Nielsen from University of Alberta, are doing a habitat analysis of grizzly bear
distribution and relative abundance using data from this study and several adjacent areas.
They plan to produce mid to large scale maps of habitat preference and relative abundance
for grizzly bears and make these available to others through the CMP website. This work is
described at (crownmanagers.com).
Clayton Lamb will begin his Master’s studies at University of Alberta in September 2013.
He will be working on the investigation of population limiting factors in grizzly bears using
data gathered from this study and the CMP.
Diana Lafferty began her PhD at Mississippi State University in Jan 2013. She will be
using data from this project, and Bruce McLellan’s radio telemetry based study in the
southern Flathead valley, to examine niche breath in grizzly bear populations. Diana will
analyze the influence of changes in body condition and food resources on diet and stress
levels of individual grizzly bears.
Joe Strong will be doing his undergraduate directed studies at UNBC beginning in fall 2013
examining sex based detection success of rub trees versus bait sites in order to help optimize
sample design.
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