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Grizzly bears in the Tatlayoko Valley and along the upper Chilko 
River: Population estimates and movements 

Executive Summary 

Very little scientific data has been collected on grizzly bears (Ursus arctos) in the 
Chilcotin region of British Columbia. Grizzly bear hair was collected from barbed wire 
hair traps and analyzed for DNA between 2006 and 2008 in the West/Central Chilcotin 
by the Nature Conservancy of Canada. One hundred thirty-three individual grizzly bears 
were identified over the course of three years of monitoring in two sampling areas. Fifty-
four grizzly bears (24 females and 30 males) were detected in the Tatlayoko Valley 
during the spring months and 106 grizzly bears (61 females and 45 males) were detected 
on the upper Chilko River during the fall salmon run. Twenty-six (48%) of the 54 total 
bears in Tatlayoko were also detected along the Chilko River at least one of the three 
sampling years. 
 
Twenty-one different grizzly bears (39% of the bears captured in the Tatlayoko Valley) 
were found on NCC property at least once during the three year period. Ten bears were 
detected on the Tatlayoko Ranch property, 14 on the Skinner Meadow property, and six 
on the Lincoln Pass property, suggesting significant grizzly bear use of NCC 
lands during the spring season.  
 
Mark-recapture analysis was used to estimate the average number of bears located in 
each study area during the sampling period. The Tatlayoko Valley analysis included a full 
data set and a data set that was reduced to include only sites sampled in all years and 
without rub trees that were only sampled in 2007 and 2008. The estimated total number 
of bears in the Tatlayoko Valley each spring ranged from 33 to 39 +/- 6 (full data set), 
and 32 to 33 +/- 5 (reduced data set). Both estimates suggest the number of bears utilizing 
the Tatlayoko grid and surrounding area was relatively constant.  
 
The mark-recapture estimates for the number of bears along the upper Chilko River 
varied each fall between 66 +/- 13 (2006), 85 +/- 10 (2007) and 110 +/- 23(2008) bears. 
Mark-recapture estimates of bear numbers on the Chilko suggested that male population 
size was relatively constant whereas female population size increased during the course 
of the study. Although population size appears to increase over the study period, 
sampling methods varied between the first and last two years and confidence intervals 
overlapped most of the yearly estimates so the apparent trend is insignificant. Salmon 
escapement was lowest in 2008 so the larger number of bears estimated seems counter-
intuitive. This inflated number was largely due to a greater transition rate and lower 
recapture rate for that year. Bears were more likely to move in and out of the area than in 
previous years (no reason to stay if there were no salmon), thereby reducing recapture 
rates and inflating the population estimate.  
 
Model averaged estimates of movement probability suggested relatively high movement 
rates from the Tatlayoko Valley study area to Chilko (estimated mean probability was 
0.67 +/- 0.13), and lower movement rates from Chilko to Tatlayoko (estimated mean 
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probability was 0.25 +/- 0.08).  In both cases, male movement rates were higher than 
female movement rates.  The movement rate in this case is the probability that a bear 
detected on one grid would be detected on the other grid during the next session.   
 
Eight male grizzly bears that were detected in this study were also detected in 
midsummer 2006 or 2007 by a grizzly bear DNA survey in the South Chilcotin. Two of 
these bears were located near Gold Bridge, BC - over 115 km from their fall locations on 
the upper Chilko River. The long distance movements to get to the river, the high 
movement rates from Tatlayoko to Chilko, and the high number of grizzly bears detected 
along the river during the salmon run are strong indications of how important the upper 
Chilko salmon are for grizzly bears in the Chilcotin. 
 
The West/Central Chilcotin is home to a large and unique population of grizzly bears. 
Continued research on bear numbers and important habitats is needed for successful 
conservation of these populations in the future. 
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Introduction 
 
Very little scientific information exists on grizzly bears from the area in British Columbia 
where the Chilcotin Plateau meets the eastern slopes of the Coast Range - the 
West/Central Chilcotin region. The dry Chilcotin Plateau is connected to the wet coast of 
British Columbia by habitat rich, low elevation valleys that transect the Coast Range. 
These valleys - the western and eastern branches of the Homathko and the Klinaklini, for 
example - provide interior grizzly bears with valuable spring habitat and potential access 
to the coast. The West/Central Chilcotin is also home to the third largest salmon run in 
BC, which occurs along the upper Chilko River each fall. With few roads, rich habitat 
and large expanses of inaccessible wilderness, the West/Central Chilcotin is home to one 
of the wildest populations of grizzly bears in Southern Canada and the United States. 
 
Grizzly bears have been visually recorded in high concentrations along the Chilko River 
during the fall salmon run (Himmer 2004) and in alpine areas such as Nirvana Pass in the 
Pantheon Range, west of Mosley Creek (the western branch of the Homathko). Historical 
and current observations also report grizzly and black bears throughout the Tatlayoko 
Valley (the eastern branch of the Homathko). However little is known about their 
numbers, movements, and critical habitats. 
 
Extensive wild areas like the West/Central Chilcotin may be essential for the long-term 
survival of long-lived, wide-ranging animals like grizzly bear. The West/Central 
Chilcotin is part of a 350-mile broad arc of habitat that stretches from the volcanic Itcha 
Ilgachuz Mountains in the northwest to the Fraser Canyon in the southeast, encompassing 
over 6.6 million acres of land. The permanent population of people in the area is small 
(approximately 1,700 east of Bella Coola and west of Williams Lake) and the number of 
visitors per year is very low, all of which are confined primarily to the Highway 20 
corridor.  
 
In contrast, many other wilderness areas that have been identified as refugia for grizzly 
bears are unlikely to maintain healthy grizzly bear populations in the long term. 
Banff/Jasper/Kootenay/Yoho National Parks, for example, has a combined area of over 6 
million acres. Banff National Park alone receives 4 million visitors per year. The park is 
also a major transportation corridor (road and rail) with another 4 million people moving 
through annually. Parks Canada recently stated that the grizzly bear mortality rate in the 
park continues to be well above sustainable levels (Gibeau, personal communication).  
 
As wild as the West/Central Chilcotin region is, it is not without threats for bears. Recent 
declines in salmon populations both on the coast and in the Fraser-Chilko may have 
significant impacts on bear populations in the region. Like everywhere else, humans are 
also steadily infiltrating the area. Settlement, logging, mining, backcountry cattle range 
use, and recreation are all gradually altering the landscape and compromising this unique 
wilderness. Global warming is a threat to the area with its warming waters and changes in 
run-off for salmon populations in the Chilko River. Changing habitats such as wide-scale 
pine beetle devastation and corresponding changes in water runoff and extensive salvage 
logging operations - with accompanying road building and habitat alteration – are also a 
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concern.  Long-term protection and management of grizzly bears throughout the 
West/Central Chilcotin is unlikely to be successful without scientific information about 
the animals and their needs in a local context.  
 
Recent advances in genetic technology allow identification of species, sex, and 
individuals without handling bears. DNA is analyzed from bear hair collected along 
established bear trails and from systematically positioned barbed wire hair traps. The 
number of individuals identified from surveys yield minimum counts and a baseline 
index of population size. Bears identified from snagged hair are used in mark-recapture 
models to estimate population density and trend. DNA data can also be used to estimate 
movement rates between two areas. DNA profiles can also be used to determine the 
degree of genetic variation and structure of the population. 
 
This is the final report for a three-year grizzly bear survey conducted by the Nature 
Conservancy of Canada between 2006 and 2008 using DNA from hair snagged on barbed 
wire sites. The specific objectives of this study were to obtain estimates of grizzly bear 
numbers found in the Tatlayoko Valley during the spring/ early summer, obtain estimates 
of grizzly bear numbers along the upper Chilko River during the fall salmon run, and to 
document movement of individual grizzly bears between these two areas.  
 
Goals and objectives 
 
Project goals and specific objectives are as follows:  
 
Project Goals 
 

 To provide scientific information to help managers make resource and 
conservation decisions in relation to grizzly bears in the West/Central Chilcotin.  

 To enhance Nature Conservancy of Canada’s efforts in protecting and preserving 
the ecological integrity of the Tatlayoko Valley and the upper Chilko River area. 

 To increase local knowledge and interest in the status and issues surrounding 
grizzly bears in the region.  

 To attract funding for longer-term and more comprehensive grizzly bear studies 
within the region in upcoming years.  

 
Specific project objectives 
 

 To estimate the number of grizzly bears utilizing the Tatlayoko Valley during 
spring/early summer.  

 To estimate the number of grizzly bears utilizing the upper Chilko River during 
the fall salmon run.  

 To detect movement of grizzly bears between the Tatlayoko Valley and the 
Chilko River salmon run. 
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Study areas 

The two study areas for this project included the Tatlayoko Valley as far north as Skinner 
Creek and south to the Nostetuko River at the south end of Tatlayoko Lake, and the upper 
Chilko River along 20 km of the river from where it exits Chilko Lake to just downriver 
of “Henry’s Crossing”. The Tatlayoko Valley sampling area ranged between 475 km2 

(Year 1) and 625 km2 (Years 2 and 3).  Road access to the site is via gravel road from 
Tatla Lake on Highway 20, 30 km to the north (Figure 1). 

A portion of the Tatlayoko Valley study area overlaps the Homathko River/ Tatlayoko 
Protected Area and the upper Chilko River study area borders Tsylos Provincial Park. 
The study area includes a portion of the Klinaklini-Homathko Grizzly Bear Population 
Unit (GBPU) where grizzly populations are currently assigned a conservation status of 
“viable”, and borders the South Chilcotin Ranges GBPU which is assigned a 
conservation status of “threatened” (Hamilton et al. 2004). 

Both Tatlayoko Lake and the upper Chilko River are in the western portion of the Central 
Chilcotin Ranges Ecosection (CCR), which is a dry mountainous area in the rain shadow 
of the Coast Mountains. Highest summits are generally about 3,000 m. The ecosection 
contains three large lakes including Chilko, Tatlayoko, and the two connected Taseko 
Lakes. The Homathko River flows out of Tatlayoko Lake, converges with Mosley Creek 
as it flows out of the West Branch Valley, and transects the coast range to Bute Inlet 
creating a unique low elevation corridor between the dry interior and the wet BC coast. 

The Chilko River eventually flows into the Fraser River and has one of British 
Columbia’s largest sockeye salmon (Oncorhynchus nerka) runs. Chinook salmon (O. 
tshawytscha), coho salmon (O. kisutch), and steelhead trout (O. mykiss) are also found in 
the Chilko River. The run occurs annually sometime between late August and October. 
The spawning beds are located within a few kilometers of Chilko Lake and the run draws 
large concentrations of both bears and humans to the region each year. During the salmon 
spawning season, the river, and riparian and upland forest habitats associated with the 
Chilko River, contains the highest population density of grizzly bears in the Chilcotin 
Forest district.  

Significant human use occurs along the Chilko River during spawning season. Several 
tourism facilities border the river. Cattle and horses graze in the area and numerous trails 
follow along the river on both sides. Guided and non-guided recreational fishing occurs 
from shore and in motorized and non-motorized boats. Department of Fisheries and 
Oceans conducts salmon enumeration in and along the banks of the river, particularly 
where Lingfield Creek joins the Chilko. Nemiah First Nations (the Xeni Gwet’in) as well 
as other First Nation individuals fish along the shores and hold gatherings within the area. 

The Tatlayoko community (population approximately 100) is located in the valley bottom 
north of Tatlayoko Lake and includes a mixture of ranches and hobby farms. Cattle from 
ranches at Tatlayoko graze throughout the valley, along both sides of Tatlayoko Lake, 
and high into alpine areas both east and west of the valley.



 

Figure 1: Google Earth image of the West/Central Chilcotin with the Tatlayoko Valley and upper Chilko River study areas. 



 

Figure 2: Study area, grid cells and hair snagging sites in the Tatlayoko Valley and 
along the upper Chilko River.  
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Methods 

Spring sampling 
 
Hair snagging methods remained the same over the three years. Hair-snagging trap sites 
were selected systematically (using grid cells as the sampling unit) and 25 grid cells of 5 
x 5 km (25 km2) were identified within the Tatlayoko study area (Figure 2). One site 
location was chosen within each cell. Sites were chosen based on local knowledge of bear 
use/travel in the area. Locations were also chosen based on accessibility to keep costs 
down. One cell contained two snag sites due to its location on Tatlayoko Lake. For Years 
2 and 3 the number of hair-snagging trap sites was increased from the first season (19 
sites) with the goal of capturing more individual grizzly bears and thereby improving 
statistical power of population estimates. 
 
Each hair-sampling site consisted of a small corral-like enclosure of approximately 30 
meters of 4-pronged, double-strand barbed wire nailed around 3 to 6 trees at about 0.5 m 
from the ground. Within each enclosure, a brush pile was built and baited with a non-
reward liquid lure to entice bears to enter and leave hair on the wire (Figure 3). The non-
reward scent lure for attracting bears to sampling stations was a combination of 3 litres of 
cow blood and 1 litre of liquid fish per snagging site, per session. The blood and fish lure 
was rotted for several months prior to application. Bear hair was collected from each 
sampling site and sent to a genetics lab for analysis. 
 
Sites were accessed by foot, by 4x4 truck along old logging roads, by a 16 foot outboard 
motor boat along the west side and south end of Tatlayoko Lake, by mountain bike south 
of Tatlayoko Lake, and by quad in a few harder to get spots on the north end of the lake. 
Sites in the Tatlayoko Valley were sampled in four 12-day (on average) sessions between 
mid-May and early July. Snagging sites were not moved between sessions. Hair was 
collected each session from two barbed wire range fences located on the east side of 
Tatlayoko Lake (Figure 4). In Years 2 and 3 bear hair was also collected from bear rub 
trees which were opportunistically identified within the study area. Rub trees (19 in Year 
2 and 27 in Year 3) were identified during the sampling period and fitted with crossing 
pieces of barbed wire to facilitate hair collection (Figure 5).  
 
Barbed wire sites were placed along wildlife trails but posed little barrier to wildlife 
movement. Warning signs were posted at all hair-snagging sites and sites were located in 
areas of little to no human use. Potential users of areas in close proximity to sites were 
contacted and informed of snagging locations. Sites were removed at the end of each 
sampling season. 
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Figure 3: Hair snagging site in the Tatlayoko Valley with Tiegan de Leeuw (3) 
giving his best impression of a bear. 
 
 
 

 
                                                                                                                                                                                    Cedar Mueller 
Figure 4: Barbed wire fence in Tatlayoko with grizzly hair samples.  
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Figure 5: Bear rub tree with well worn foot-pad trail in the Tatlayoko Valley. 
 
 
Fall sampling 
 
Grizzly bear hair was collected at 13 different hair-snagging sites along the shores of the 
upper Chilko River between early September and late October (Figure 2). Dates were 
shifted after Year 1 to better correspond with peak salmon escapement and bear activity. 
Site locations were chosen based on local knowledge of bear use/travel in the area and 
put in areas where human disturbance was minimal. Hair was collected from barbed wire 
stretched across bear trails beside the river and across shorelines by stretching wire to a 
metal post pounded into the river just off shore (Figure 6). Sampling sites did not include 
a scent lure. Hair was collected over six 10-day sessions. Snagging sites were not moved 
between sessions. Sites were accessed by a 17-foot canoe from the Tsylos Park 
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campground on the north end of Chilko Lake to Henry’s Crossing. Sites were removed at 
the end of the sampling season.  
 
Salmon volume and timing 
 
Bear numbers along salmon spawning streams may correlate with salmon availability for 
bears (Boulanger et al. 2004). Data on Sockeye salmon run volume and timing, and 
carcass recovery surveys collected by the Department of Fisheries and Oceans (DFO) 
were summarized for each year of this study. Carcass recovery surveys were conducted 
by DFO personnel every 4 days on the upper Chilko River south of Henry’s Bridge and 
along the shores of Chilko Lake. Recorded carcass counts included both the lake and the 
river. Surveys were conducted between approximately August 25th and October 20th each 
year (David Willis, Biologist, DFO, personal communication). 
 
 

 
                                                                                                                                                                                            Steve Ogle                                                        
Figure 6: Grizzly bear stepping over a hair snagging site on the Chilko River. 
 
 
Lab analysis 
 
All hair samples were sent to Wildlife Genetics International (WGI) of Nelson, BC, for 
DNA analysis under the supervision of Dr. David Paetkau.  
 
Prior to detailed genetic analysis, samples were excluded based on quality and visual 
appearance (i.e. obviously not from grizzly bears). Hair-snag samples from black bears 
were differentiated from grizzly bears using both visual inspection (for obvious black 



 16

bears) and a single-locus (the locus is the location of a gene on a chromosome) species 
test with marker G10J to eliminate weak samples and black bear samples. 
 
Every grizzly bear has its own unique genotype. The use of a minimum number of 
genetic markers (segments of DNA with identifiable physical locations on a 
chromosome) is required to discriminate among individual grizzly bears with acceptably 
low error rates (Paetkau 2003). For this study, WGI used 7 microsatellite markers 
(repetitive stretches of short sequences of DNA used as genetic markers) that were found 
to be highly variable for grizzly bears in the area immediately to the south of our study 
(Apps et al. 2006). This 7-marker locus system had a low enough match probability to 
ensure accurate individual identification, and minimized the likelihood that too few 
individuals were identified due to a lack of variability necessary to produce unique 
genotypes for each individual that was sampled (David Paetkau, personal 
communication). Once the genotypes were completed and checked for errors, a computer 
search for identical genotypes was performed and individuals were defined for each 
unique genotype. To ensure that samples from the same individual did not receive 
different individual assignments, each individual’s genotype had to differ from the 
genotype of every other individual at a minimum of 2 markers (Paetkau 2003). Each 
individual grizzly bear was then identified for gender. 
 
Population estimates 
 
Grizzly bear population size and trend estimates for this project were derived using mark-
recapture analysis. See Appendix 1 for background information on mark-recapture 
population estimation. Model selection and execution was performed by John Boulanger 
with Integrated Ecological Research in Nelson, BC.  
 
Grizzly bear population size and trend for the Tatlayoko and Chilko study areas were 
estimated using the Robust design (Pollock and Otto 1983) Pradel model (Pradel 1996) in 
program MARK (White and Burnham 1999). Population size and capture probability (p*) 
were estimated for each year using the Huggins closed population size model (Huggins 
1991) and the change in population size (λ) as well as apparent survival (φ) and rates of 
additions between years (f) was estimated using the Pradel model. Apparent survival (φ) 
is the probability that a bear that was on the grid in 2005 would still be on the grid in 
2006.  It encompasses both deaths and emigration from the sampling grid. Rate of 
addition (f) is the number of bears on the grids in 2006 per bear on the grid in 2005. It 
encompasses both births and immigration of bears from outside the grid area between the 
time in which sampling occurred. Apparent survival and rates of addition are added 
together to estimate change in population size (λ) for the interval between each sampling 
occasion. Population rate of change is equivalent to the population size for a given 
sampling period divided by the population size in the previous sampling period 
(λ=Nt+1/Nt).  Given this, estimates of λ will be 1 with a stable population, less than 1 if 
the population is declining and greater than 1 if the population is increasing. 
 
In both data sets there was supplementary genotype data from rub trees and opportunistic 
samples. This data was incorporated as unique sessions (i.e. 1 session for all rub tree data 
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and 1 session for all opportunistic samples in a given year). This approach follows the 
general methods outlined in (Boulanger et al. 2008, Kendall et al. 2009). The grid size of 
the Tatlayoko valley changed slightly each year and rub trees were not sampled in 2006.  
Therefore, an analysis was undertaken with only cells sampled each year and no rub trees 
included to test the sensitivity of parameter estimates to the inclusion of this data. 
 
Models were introduced into the analysis that tested for sex-specific, session-specific, 
and year specific variation in demographic and capture probability parameters. It was 
possible that dead salmon availability and overall escapement influenced demography of 
bears as well as recapture rates of bears on salmon streams. For example, it was possible 
that years with high salmon availability would increase fidelity of bears from previous 
years, and attract new bears to the river areas (Boulanger et al. 2004). On a smaller times 
scale, increased salmon availability might increase within year recapture rate since bears 
would be more likely to stay in stream areas. The fit of models was evaluated using the 
Akaike Information Criterion (AIC) index of model fit.  The model with the lowest AICc 
score was considered the most parsimonious, thus minimizing estimate bias and 
optimizing precision (Burnham and Anderson 1998).  The difference in AICc values 
between the most supported model and other models (ΔAICc) was also used to evaluate 
the fit of models when their AICc scores were close. In general, any model with a ΔAICc 
score of less than 2 was worthy of consideration. 
 
Population size of bears on both grids corresponded to the “superpopulation of bears” 
that visited sampling areas during the period of DNA sampling given that both grids were 
relatively open (Kendall 1999).   
 
Movement rate estimates 
 
Another way of using mark-recapture data in projects with multiple study areas is to 
estimate the probability that an animal will move from one area to another. In this case 
we were interested in determining the probability that a bear found in the Tatlayoko 
Valley in the spring would also be found along the Chilko River in the fall, and vice 
versa. A robust design multi-strata model (Hestbeck et al. 1991, Brownie et al. 1993) was 
used to estimate movement rates of bears between the Tatlayoko and Chilko River DNA 
areas.  A multi-strata robust design model, like the Pradel model robust design, uses 
closed models to estimate capture probabilities and population size for a closed sampling 
session. The Multi-strata portion of the model then estimates apparent survival and 
movement probabilities (termed transition probability: ψ) of bears from the Tatlayoko 
grid to the Chilko River and from the Chilko River to the Tatlayoko grid for the interval 
between sampling sessions. As with the Pradel robust design, sex and year-specific 
variation in movement rates were tested. See Appendix 4 for more information on the 
multi-strata analysis. 
 
Home range estimates 
 
Minimum home range sizes were estimated by calculating the area of a circle with the 
diameter equal to the maximum distance between multiple detections of the same bear. 
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Results 

Individual grizzly bears 
 
One hundred thirty-three grizzly bears were identified over the course of three years of 
monitoring at the two sampling areas. Fifty-four grizzly bears (24 females and 30 males) 
were detected in the Tatlayoko Valley and 106 grizzly bears (61 females and 45 males) 
were detected on the upper Chilko River. The number of grizzly bears captured and 
recaptured each year is summarized in Table 1. For example, 33 grizzly bears were 
captured in 2007 in the Tatlayoko Valley of which 14 were captured in the previous year. 
Twenty-six (48%) of the 54 total bears in Tatlayoko were also detected along the Chilko 
River at least one of the three sampling years.  
 
Table 1: Grizzly bears detected in Tatlayoko and upper Chilko, 2006 – 2008. 
Recaptures include all bears captured previously in either location. 
 

Tatlayoko  Chilko 
Year  Individuals  Recaps  Individuals  Recaps 

2006  17  0  41  9 
2007  33  14  66  29 
2008  25  17  50  30 
Total  54  106 

 
 
Nature Conservancy properties 
 
Ten bears were detected on the Tatlayoko Ranch property, 14 on the Skinner Meadow 
property, and six on the Lincoln Pass property over the three years. A total of 21 
different grizzly bears (11 males and 10 females) were detected on NCC property. Thirty-
nine percent (39%) of the bears captured in the Tatlayoko Valley were found on NCC 
property at least once during the three year period.   
 
Sampling success 
 
A total of 2,027 hair samples (Year 1 – 509, Year 2 – 859, Year 3 - 659) were collected 
from the Tatlayoko Valley. The increase in sample numbers between 2006 and the last 
two years was largely due to more sampling sites in the Tatlayoko Valley (25 sites, rather 
than 19) and the inclusion of samples from rub trees and two barbed wire range fences. A 
total of 1251 samples (Year 1 – 344, Year 2 – 494, Year 3 - 413) were collected along the 
upper Chilko River. Increased numbers after Year 1 were due to improved efficiency of 
sampling sites (wire was situated perpendicular to the shoreline and attached to a metal 
post out into the river) and an adjustment in collection dates to better correspond with the 
salmon run. An average of 20% of samples collected each year were grizzly bear samples 
that were assigned to individuals. The rest of the samples were either excluded due to 
sub-selection rules, lacked suitable material for extraction, were black bear or some other 
non-grizzly bear species, or somehow failed during the extraction process. Sampling 
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success was consistent with other grizzly bear DNA surveys (Apps 2006), with higher 
than normal success along the upper Chilko due to the high concentration of grizzly bears 
(as opposed to black bears) in the area during the sampling period.  

Black bears 
 
Black bear hair was collected throughout the Tatlayoko Valley each year. Interestingly, 
most of the visually detected and over 90% of the genetically detected black bear samples 
were collected in the Tatlayoko Valley, and not along the Chilko River. This suggests 
that few black bears were using salmon as a food resource and may be an indication of 
inter-specific (between species) competition.  

Mark-recapture analysis 
 
Tatlayoko Valley  
 
The number of bears detected per session varied between sessions and year with the 
highest number of detections in the 2nd year. Interestingly in all years detections were 
highest in the first and last sessions. 
 

Sex F M

B
ea

rs
 d

et
ec

te
d

0
2
4
6
8

10
12
14
16

Session

Year1 2 3

1 2 3 4 O
P

R
T

1 2 3 4 O
P

R
T

1 2 3 4 O
P

R
T

 
Figure 7: Summary of the full data set from Tatlayoko Valley. 

 
 
The Tatlayoko valley analysis included the full data set and a data set that was reduced to 
include only sites sampled in all years and without rub trees that were only sampled in 
years 2 and 3.  Rub tree detections were modeled as a separate parameter so inclusion or 
exclusion should have not affected estimates greatly. Inclusion of extra sites in later years 
may have affected population and demographic estimates. The low sample size of bears 
captured precluded more complex models of detection probability. The total number of 
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unique bears identified was 54 which limited the number of parameters that could be 
estimated in the analysis. See Table 8, Appendix 2 for a table showing model selection 
for the Tatlayoko Valley with the full and reduced data sets. 
 
Model averaged population size estimates from the full and reduced data sets were 
similar except for a larger estimate for males in 2007 with the full data set compared to 
the reduced data set. Both estimates suggest the number of bears utilizing the grid and 
surrounding area was relatively constant. The estimated total number of bears in the 
Tatlayoko Valley each spring ranged from 33 to 39 +/- 6 (full data set), and 32 to 33 +/- 5 
(reduced data set) (Table 2).  
 
Table 2:  Model averaged population estimates for the Tatlayoko Valley grid from 
the full and reduced data sets. 
 

Sex Year mt+1* 
Population 
Estimate

Standard 
Error LCI** UCI 

Full data set       
M 2006 8 16.78 5.79 10.70 36.51 
M 2007 20 22.88 2.09 20.80 30.32 
M 2008 12 14.78 2.19 12.71 22.85 
F 2006 9 18.57 6.15 12.03 39.28 
F 2007 13 15.77 2.07 13.75 23.24 
F 2008 13 17.64 3.11 14.41 28.31 
Reduced data set      
M 2006 8 15.45 5.05 10.23 32.88 
M 2007 13 17.28 3.02 19.53 4.27 
M 2008 9 15.60 4.46 12.54 35.86 
F 2006 9 16.81 5.07 11.44 33.96 
F 2007 12 15.60 2.59 13.51 26.27 
F 2008 10 16.83 4.53 13.61 36.95 

 
*mt+1 is the number of unique bears detected each year. 
**LCI and UCI are the lower and upper confidence intervals. 
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Chilko 
 
The number of bears identified per session each year varied with a general increasing 
trend of detections with session suggesting temporal trends in within year detection rates 
(Figure 8). 

Models considered included a model that allowed all detection probabilities to vary by 
sex, year, and session. Models that allowed detection probabilities to vary with dead 
salmon were also considered. See Table 10, Appendix 3 for a table showing model 
selection for the Chilko River analysis and a more detailed explanation of model 
selection for this data set. 

The best way to consider these results is through model-averaged estimates. Estimates of 
population size suggest that male population size was relatively constant whereas female 
population size increased during the course of the study.  The estimated total number of 
bears along the upper Chilko River varied each fall with estimates of 66 (+/- 13), 85 (+/- 
10) and 110 (+/- 23). Confidence intervals overlap most of the yearly estimates so it is 
difficult to determine a trend in estimates (Table 3).  

Inspection of model averaged apparent survival (θ), rates of addition (f), and population 
rate of change (λ) estimates suggests that apparent survival was higher for females than 
males, and rates of addition was relatively high for both sexes.  Basically, these estimates 
suggest that 0.5 more bears were present on the Chilko River for each bear present in the 
previous year. This resulted in λ estimates that were above 1 for all years.  However, 
confidence intervals overlapped 1 suggesting that this trend was not statistically 
significant (Table 4). 
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Figure 8: Summary of the data set from Chilko River. 
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Table 3:  Population estimates for Chilko River.  Mt+1 is the number of unique 
bears detected each year. 
 

Sex Year Mt+1 Estimate SE LCI UCI CV 
M 2006 20 30.51 5.51 24.00 47.60 18.1% 
M 2007 26 32.49 3.56 28.37 43.74 11.0% 
M 2008 17 33.94 7.99 24.03 57.78 23.5% 
F 2006 21 35.46 7.12 26.80 57.05 20.1% 
F 2007 39 52.52 5.68 45.14 68.81 10.8% 
F 2008 34 75.84 14.86 55.29 116.23 19.6% 

 

 
 
Table 4:  Estimates of apparent survival (θ), rates of addition (f) and resulting 
population rate of change (λ) for the Chilko River. 
 

Parameter Sex Year interval Estimate SE LCI UCI 
θ M 06 to 07 0.69 0.12 0.42 0.87 
θ M 07 to 08 0.67 0.16 0.34 0.89 
θ F 06 to 07 0.87 0.11 0.52 0.98 
θ F 07 to 08 0.87 0.11 0.49 0.98 
f M 06 to 07 0.46 0.17 0.18 0.77 
f M 07 to 08 0.45 0.16 0.19 0.74 
f F 06 to 07 0.50 0.20 0.17 0.83 
f F 07 to 08 0.48 0.17 0.20 0.78 
λ M 06 to 07 1.15 0.20 0.75 1.55 
λ M 07 to 08 1.13 0.22 0.69 1.56 
λ F 06 to 07 1.37 0.22 0.94 1.79 
λ F 07 to 08 1.35 0.20 0.96 1.74 
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Bear movement between Tatlayoko and Chilko 
 
Both male and female bears were captured on both Chilko and Tatlayoko grids. Many of 
the bears detected on Tatlayoko were also detected on Chilko.  For example, roughly half 
of the males and females detected on Tatlayoko were also detected on Chilko (Table 5).  
 
Table 5: Number of bears captured on Chilko, Tatlayoko, and both grids across all 
years. 

Movement  F M Totals 
Tatlayoko only 12 16 28 
Chilko only 49 30 79 
Both grids 12 14 26 
Totals 73 60 133 

 
 
The most supported multi-strata model suggested constant movement probabilities 
between grids (Table 12, Appendix 4).  Also supported was a model that assumed sex-
specific movements, but support was weak.  A model that tested whether movement 
probabilities were influenced by yearly abundance of salmon was not supported. 
 
Table 6: Multi-strata movement probability estimates Tatlayoko – Chilko, 2006 – 
2008. 
 

Movement Sex Interval 
Probability 
Estimate 

Standard 
Error LCI UCI 

Tat-Chilko M Spg06-Fall06 0.70 0.13 0.41 0.88 
Tat-Chilko M Spg07-Fall07 0.67 0.12 0.42 0.85 
Tat-Chilko M Spg07-Fall08 0.64 0.15 0.32 0.87 
Tat-Chilko F Spg06-Fall06 0.69 0.13 0.40 0.88 
Tat-Chilko F Spg07-Fall07 0.66 0.11 0.42 0.84 
Tat-Chilko F Spg07-Fall08 0.63 0.15 0.32 0.86 
Chilko-Tat M Fall06-Spg07 0.29 0.10 0.14 0.51 
Chilko-Tat M Fall07Spg08 0.26 0.08 0.14 0.44 
Chilko-Tat F Fall06-Spg07 0.24 0.07 0.13 0.39 
Chilko-Tat F Fall07Spg08 0.22 0.06 0.12 0.37 

 
 
Model averaged estimates of movement probability suggested relatively high movement 
rates from Tatlayoko Valley grid to Chilko (estimated mean probability was 0.67 +/- 
0.13), and lower movement rates from Chilko to Tatlayoko (estimated mean probability 
was 0.25 +/- 0.08) (Table 6).  In both cases, male movement rates were higher than 
female movement rates.  The movement rate in this case is the probability that a bear 
detected on one grid would be detected on the other grid during the next session.  The 
estimate attempts to factor in the effect of apparent survival and detection probabilities in 
estimation of movement, which is why movement rates are slightly higher than suggested 
by Table 5. See Appendix 4 for more details on this analysis.  
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South Chilcotin 
 
Eight grizzly bears (all males) that were detected in Tatlayoko and/or Chilko were 
detected in midsummer 2006 or 2007 by a grizzly bear DNA survey in the South 
Chilcotin. Two of these were located over 115 km from their fall locations on the upper 
Chilko River (Figure 9).  
 
Home range estimates  
 
Minimum home range sizes were estimated by calculating the area of a circle with the 
diameter equal to the maximum distance between multiple detections of the same bear. 
Calculated home ranges varied in size from 7 km2 to 1,000 km2. Actual home range sizes 
are undoubtedly significantly larger. Home range estimates for the eight males that 
overlapped with the South Chilcotin grizzly survey ranged between 2,800 and 14,000 
km2.   
 
Salmon escapement  
 
Table 7: Summary of dead salmon counts in 2 week increments and total Sockeye 
escapement for the upper Chilko River and Chilko Lake, 2006 – 2008 (data courtesy 
of DFO). 

Year 
Aug 25 - 

Sept 8 
Sept 9 -  
Sept 22 

Sept 23 - 
Oct 6 

Oct 7 - 
Oct 20 Oct 20 + 

Total 
escapement 

2006 94 1,954 32,628 63,446 2,727 469,504 
2007 13 928 10,595 17,745 209 306,707 
2008 634 1,416 3,090 130 0 250,583 
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Figure 9: Map showing locations of 8 males also detected in the South Chilcotin. The 
circle is the area of potential influence the upper Chilko salmon run has for bears in 
the region. Data courtesy of Clayton Apps. 
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Discussion  

Tatlayoko Valley population estimates 
 
Results from this study showed a high concentration of grizzly bears in the Tatlayoko 
Valley during the spring months each year. These results suggest that early green-up rich 
spring habitat in the Tatlayoko Valley attracts bears from a larger area much like the 
salmon stream in the fall, albeit at a smaller scale.  
 
It is important to note that the size of the Tatlayoko Valley study area is small and located 
in significantly higher quality habitat than the surrounding area (low elevation valley 
bottom, as opposed to higher elevation dry plateau) therefore bear density estimates from 
this study area cannot be extrapolated for the surrounding region. Further, as grizzly 
bears tend to move to higher elevations for the summer season and to richer food source 
areas (i.e. salmon streams) for the fall season, these density estimates for the Tatlayoko 
Valley can only apply to the spring season.  
 
Chilko River population estimates 
 
The mark-recapture estimates for the average number of bears along the upper Chilko 
River appeared to increase each year over the study period. Although population size 
appears to increase over the three years, sampling methods varied between the first and 
last two years and the confidence intervals overlapped most of the yearly estimates so this 
apparent trend is insignificant.  

The higher bear population estimate in year 3 on the Chilko River seems counterintuitive 
if bear use is related to salmon availability which was lowest that year. The inflated 
population estimate in 2008 was probably due to greater movement and lower recapture 
rates for that year. Bears were more likely to move in and out of the area than in previous 
years (no reason to stay if there were no salmon) and were therefore less likely to be 
“recaptured” later in the same season. Within-year closure violation (i.e. bears only being 
on the river for 1 session before leaving whereas they stayed longer in other years) 
reduces capture probabilities and causes mark-recapture population estimates to be 
higher.  
 
If grizzly bear populations are reliant on salmon, then it would be expected that the 
number of grizzly bears found along salmon streams would be associated with long-term 
salmon availability levels. Hilderbrand et al. (1999) states “We conclude that the 
availability of meat, particularly salmon, greatly influences habitat quality for brown 
bears at the individual and population level”. A DNA study in the Owikeno area of BC 
found significant fluctuations in grizzly bear numbers using salmon streams that 
correlated with salmon availability. DNA mark-recapture estimates from 1998-2002 
showed there were 43 (annual range 3-26) bears using the Chuckwalla/ Ambach area, 52 
(4-28) in the Neechanz/Genesee area, and 28 (0 – 16) bears in the Washwash/Inziana area 
(Boulanger et. al 2004).  
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Salmon availability and the number of bears detected along the Chilko also varied from 
year to year. Salmon availability was greatest in 2006 and significantly lower in 2008. 
The total number of bears detected along the river was 106 (with an annual range of 41-
66). Mark-recapture models did not find a correlation between bear numbers and salmon 
availability for this data set.  

In this case, it is important to note that for this type of survey three years of monitoring is 
the minimal amount to discern population trends both from a biological and statistical 
point of view. The demography of bears demands a long-term approach to estimate most 
population parameters and therefore a longer period is needed to obtain results regardless 
of methods used (Boulanger, personal communication). The study in the Owikeno area 
(Boulanger et al. 2004) did not start detecting salmon/demographic relationships until 
after 4 years of data. So the fact that strong linkages between demography/salmon were 
not detected on the Chilko is not too surprising. More years of data would enhance this 
analysis.  
 
Bear movement to the upper Chilko 
 
Almost fifty percent of grizzly bears detected in the Tatlayoko Valley were also detected 
along the Chilko. Model averaged estimates of movement probability suggested even 
higher movement rates from the Tatlayoko Valley study area to Chilko (up to 67 %). 
These results are an indication of how important the annual Chilko River salmon are for 
bears in the region.  
 
Of particular interest are the two male grizzly bears that moved over 115 km from near 
Gold Bridge to access the upper Chilko River. An estimated home range size, using this 
distance as the diameter of a circle, gives both bears a home range of over 10,000 km2. 
Reports from the literature state that an average grizzly bear home range is 200 – 600 km2 
for females and 900-1800 km2 for males. Generally, the more plentiful the food supply, 
the smaller the home range.  
 
The large movements between Gold Bridge and the upper Chilko River are another 
indication of how critical Chilko salmon are for grizzly bears in the Chilcotin. In fact, 
assuming bears will travel 115 linear km to access the Chilko salmon, this river could 
provide a critical food source for bears within an area of 41,000 km2 (a circle with a 
radius of 115 km). An area this size is over 4 times the size of Banff, Yoho and Kootenay 
National Parks combined (9,360 km2) and over 4 times the size of Yellowstone National 
Park (8,983 km2). Although movement of grizzly bears to the upper Chilko River from 
this entire area is unlikely due to the topography and proximity to salmon runs in other 
parts of the region (i.e. Bute Inlet/lower Homathko and Knight Inlet/ lower Klinaklini 
River), the potential area of influence is still enormous (Figure 9). 
 
Importance of this study 
 
The future of grizzly bears depends on the quality of their habitat, the number of people 
where they live, and the behavior of these people. Changes to bear habitat are complex 
and must be managed with a strong ecological understanding of bear populations in the 
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areas in question (McLellan 2006). Estimates of population trends are essential for the 
evaluation of population responses to changes in management practices and 
environmental conditions (Boulanger et al. 2004). This study provides important baseline 
information and improves our understanding of grizzly bear abundance and habitat use in 
the West/Central Chilcotin. This information can be used as part of a continued 
monitoring program to estimate population trends. It can be used to assess and compare 
the effects of specific changes to habitat/human use in the area (such as declining salmon 
populations in the upper Chilko). It can also be used in decision making processes to help 
people manage changes in ways that might minimize the impacts to bears and important 
bear habitats in the region (such as ensuring adequate river access for bears during the 
salmon season). 
 
Future research 
 
Given the small size of the study areas for this project, and given the wide ranging habits 
of grizzly bears, the results from this research are a preliminary snapshot of grizzly bear 
ecology in the West/Central Chilcotin. While this study has begun to answer some 
important questions, such as estimating how many grizzly bears come to feed on the 
upper Chilko River salmon each year, it also creates more. For example: 
 

• How big of an area is influenced by the availability of these salmon?  
• Where are bears feeding in the fall if they are not travelling to access salmon?  
• What proportion of the population, if any, migrates to the nearby coast for 

salmon?  
• The Tatlayoko Valley is acting as a spring “attractant” much in the way that the 

Chilko River attracts bears in the fall. Rich spring vegetation in the valley bottom 
draws bears from a larger area until green-up occurs at other elevations 
throughout the region. How far do bears travel to access this spring habitat?  

• What are some of the important migration corridors used to access these high 
quality areas?  

• Where are other important spring and summer habitats located throughout the 
region?  
 

Grizzly bears in the West/Central Chilcotin appear to be healthy, abundant, and unique 
given that they have access to nutrient rich salmon in the fall months and that they live in 
a relatively undisturbed environment. As important habitats and critical food sources 
change with human pressures and global warming, we must ensure their long-term 
conservation. Further study is needed to continue monitoring the effects of changes to 
their environment and to increase our understanding of grizzly bear ecology in this 
region. 
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Appendices 
 
Appendices were provided by John Boulanger, Integrated Ecological Research, 924 
Innes, Nelson, BC V1L 5T2, boulange@ecological.bc.ca, www.ecological.bc.ca 
 
Appendix 1: Mark-recapture analysis 
 
Estimates of population size can be obtained using either mark-resight or capture-
recapture methods. Genetic sampling capture-recapture methods are far more reliable for 
estimating grizzly bear populations than census or minimum count approaches. In its 
simplest form, a minimum of 2 capture “sessions” are conducted, and the proportion of 
individuals re-captured in the second session is used to estimate the number of unmarked 
individuals in the population. This proportion is called a capture probability and its 
application in the estimation of population size can be expressed as:  
 
    N

^
N
^     = M / p̂     

 
Where M is the number of animals detected over sampling session, p̂   is the proportion of 
those animals initially captured that were then recaptured (i.e. estimate of capture 
probability), and N

^
N
^   is the estimate of population size. Using traditional census methods, p̂    

is assumed to equal 1. That is, the model is based on the assumption that all animals are 
caught; however, different sampling approaches require different estimation models. In 
reality, capture probability p̂   is rarely equal to 1, and there exists a variety of models that 
make differing assumptions on how p̂  varies.  
 
The Pradel (1996) model estimates apparent survival (ɸ), recapture rate (p), rate of 
additions (f), and population rate of change (λ) as a derived parameter.  
 

• Apparent survival (ɸ) is the probability that a grizzly bear stays in the population 
between two sampling intervals. Apparent survival includes both mortality and 
emigration, since in both cases the grizzly bear would no longer be available for 
capture in subsequent sessions.  

• Recapture rate (p) is the rate of recapture of marked grizzly bears in the 
population.  

• Rate of addition (f) is the number of new individuals in the populations at time j + 
1 per individual at time j. This includes both immigration and births between two 
sampling years.  

• Apparent survival and rate of addition can be added to obtain an estimate of λ, the 
population rate of change (λ = ɸ + f).  

• The population rate of change (λ) also relates to population size by Nt+1 = λNt  
where N is the population size at times t and t + 1.  

• Population trend will either be stable (λ=1), increasing (λ>1), or decreasing (λ<1) 
(Boulanger et al. 2004).  
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Proper sampling design is critical to obtaining reliable population estimates. The three 
main issues in the design of projects to estimate population size are as follows (Boulanger 
et al. 2007):  
 

1. Meeting the assumption of geographic and demographic closure: If closed 
population estimation models are used, then it is assumed that the population is 
closed or “no animals leave, enter, die or are born during the sampling process.” 
Violation of closure can cause substantial biases in estimates from most mark-
recapture models. If closure violation is occurring, mark-recapture population 
estimates will pertain to the “superpopulation” of bears in the sampling grid and 
surrounding area during the time that sampling was conducted. For estimation of 
density and comparison of different areas the average number of bears on the 
sampling grid is most applicable. 
 

2. Sample size: Sample size is determined by the number of animals in the sampling 
area, the capture probability of the population, and the number of times the 
population is sampled. In general, higher population capture probabilities are 
needed for smaller population sizes to obtain adequate estimates. The primary 
effect of low sample size is reduced estimate precision. In addition, if sample size 
is low, then not enough data will be available to determine dominant capture 
probability variation in the data set leading to erroneous model selection.  
 

3. Capture probability variation: Bears probably show unequal probabilities of 
capture which can lead to biased population estimates. Often it is possible to test 
data to determine the dominant type of capture probability variation, if the above 
issues are met. One of the most likely forms of capture probability variation in 
grizzly bear data sets, however, is heterogeneity variation due to females and cubs 
displaying reduced capture probabilities. Unfortunately, age cannot be determined 
from DNA therefore this is a non-identifiable form of variation. One way to 
confront heterogeneity is to use multiple methods to sample the population. For 
example, incorporate additional DNA ”captures” of grizzly bears obtained by 
collecting hair from un-baited bear rub trees concurrently with baited, grid-based, 
hair snag sampling (Boulanger et al. 2008). 
 

The Pradel mark-recapture model is robust to heterogeneity of capture probabilities and 
violation of population closure. In addition, the Pradel model allows for the exploration 
of population demography and environment factors that influence demography through 
the use of covariates (Boulanger et al. 2004). 
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Appendix 2: Tatlayoko mark-recapture model selection 
 
The following tables are summaries of mark-recapture model selection and demographic 
parameter estimates for grizzly bear population estimation in the Tatlayoko Valley. 
 
Table 8:  Model selection for Tatlayoko Valley grid with full data set and reduced 
data set. 
 
No Model AICc daicc wi K Deviance 
 Full data RT's, differenct cells, opportunistic      
1 phi(yr) f(yr) Opp(.) RT(sex) HS(yr+session) 678.40 0.00 0.40 13 649.21 
2 phi(.) f(.) Opp(.) RT(sex) HS(yr+session) 679.07 0.67 0.28 11 654.80 
3 phi(sex+yr) fsex+(yr) Opp(.) RT(sex) HS(yr+session) 681.35 2.95 0.09 15 647.06 
4 phi(sex) f(sex) Opp(.) RT(sex) HS(yr+session) 681.74 3.34 0.08 13 652.54 
5 phi(sex) f(sex) Opp(.) RT(sex) HS(yr+session) 681.74 3.34 0.08 13 652.54 
6 phi(sex) f(sex) Opp(.) RT(sex) HS(sex+yr+session) 682.21 3.81 0.06 14 650.50 
7 phi(sex) f(sex) Opp(.) RT(sex) HS(+yr) 685.89 7.49 0.01 10 664.01 
8 phi(sex) f(sex) Opp(.) RT(sex) HS(sex+yr) 686.34 7.94 0.01 11 662.06 
9 phi(sex) f(sex) Opp(.) RT(sex) HS(sex 692.69 14.30 0.00 9 673.17 
10 Phi(sex*yr) f(sex*yr) p(sex*yr*t) 728.08 49.68 0.00 41 606.03 
 Reduced HS and opportunistic-same cells-no RT's      
1 phi() f() OPP(.) HS: p(+yr+session) 493.08 0.00 0.55 9 472.83 
2 phi(sex) f(sex) OPP(.) HS: p(+yr+session) 495.13 2.05 0.20 11 469.75 
3 phi(yr) f(yr) OPP(.) HS: p(+yr+session) 496.75 3.67 0.09 11 471.37 
4 phi(sex) f(sex) OPP(.) HS: p(sex+yr+session) 496.87 3.79 0.08 12 468.81 
5 phi(yr) f(yr) OPP(.) HS: p(sex+yr+session) 497.43 4.35 0.06 12 469.38 
6 phi() f() OPP(.) HS: p(.) 501.55 8.47 0.01 4 493.08 
7 phi(sex) f(sex) Opp(.) HS p(sex+yr) 502.83 9.75 0.00 9 482.58 
8 phi(sex*yr) f(sex*yr) OPP(.) HS: p(sex+yr+session) 504.60 11.52 0.00 16 465.15 
9 phi(sex*yr) f(sex*yr) p(sex*yr*session) 545.35 52.27 0.00 34 434.08 
10 phi(sex*yr) f(sex*yr) p(sex*yr*session) c(sex*yr*session) 581.21 88.13 0.00 43 412.95 
 
 
 
Inspection of demographic parameters (Table 9) revealed that estimates from the full data 
set suggested population was increasing each year (λ more than 1) whereas the reduced 
data set suggested a slight decrease (λ less than 1).  However, these differences should be 
interpreted in terms of estimate precision, and population estimates, in which case the 
difference is negligible. As with the Chilko data set, females showed higher rates of 
apparent survival with both data sets which was either due to higher fidelity or higher 
true survival. Also, the rate of additions of new bears was reasonably high for both sexes 
for all years of the analysis.  
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Table 9:  Demographic parameters from the Pradel model analysis of the Tatlayoko 
Valley grid.  Full and reduced data set estimates are included. 
 

Parameter Sex Year Estimate SE LCI UCI 
Full data set      
λ  M 2006-7 1.07 0.24 0.60 1.55 
λ  M 2007-8 1.05 0.24 0.58 1.52 
λ  F 2006-7 1.04 0.22 0.60 1.47 
λ  F 2007-8 1.01 0.21 0.60 1.43 
θ M 2006-7 0.64 0.16 0.30 0.88 
θ M 2007-8 0.60 0.16 0.28 0.85 
θ F 2006-7 0.71 0.14 0.39 0.91 
θ F 2007-8 0.67 0.16 0.33 0.89 
f M 2006-7 0.44 0.25 0.09 0.85 
f M 2007-8 0.45 0.22 0.13 0.82 
f F 2006-7 0.33 0.22 0.06 0.77 
f F 2007-8 0.34 0.19 0.09 0.73 
Reduced data set      
λ  M 2006-7 1.08 0.32 0.45 1.71 
λ  M 2007-8 0.88 0.22 0.11 1.00 
λ  F 2006-7 1.09 0.30 0.50 1.68 
λ  F 2007-8 0.90 0.22 0.08 1.00 
θ M 2006-7 0.64 0.19 0.26 0.90 
θ M 2007-8 0.43 0.13 0.21 0.69 
θ F 2006-7 0.70 0.16 0.34 0.92 
θ F 2007-8 0.50 0.16 0.22 0.78 
f M 2006-7 0.44 0.32 0.06 0.91 
f M 2007-8 0.45 0.17 0.17 0.76 
f F 2006-7 0.38 0.29 0.05 0.87 
f F 2007-8 0.40 0.16 0.15 0.71 
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Appendix 3: Chilko mark-recapture model selection 
 
The following table summarizes mark-recapture model selection for grizzly bear 
population estimation along the upper Chilko. 
 
Table 10: Model selection for Chilko River analysis.  Akaike Information Criteria 
(AICc), the difference in AICc values between the ith model and the model with the 
lowest AICc value (Δi), Akaike weights (wi), number of parameters (K) and model 
deviance are presented.  Deadsockeye are covariates from dead sockeye counts 
whereas sockeye are from DFO yearly escapement estimates. HS denotes hair-snag 
detection probability model, RT denotes rub tree model. 
 

No Model AICc ΔAICc   wi   K  Deviance 
1 phi(.) f(.) RT(yr) HS(sex+yr*T+yr3_s1) 1317.83 0.00 0.20 12 1292.40 
2 phi(sex) f(sex) RT(yr) HS(sex+yr*T+yr3_s1) 1318.346 0.52 0.16 14 1288.40 
3 phi(sex) f(sex) RT(yr) HS(sex+yr*T+yr3_s1+deadsalmon) 1318.453 0.62 0.15 15 1286.22 
4 phi(.) f(sex) RT(yr) HS(sex+yr*T+yr3_s1) 1319.378 1.55 0.09 13 1291.70 
5 phi(.) f(yr) RT(yr) HS(sex+yr*T+yr3_s1) 1320.007 2.18 0.07 13 1292.33 
6 phi(sex+deadsockeye) f(sex) RT(yr) HS(sex+yr*T+yr3_s1) 1320.524 2.69 0.05 15 1288.29 
7 phi(sex+sockeye) f(sex) RT(yr) HS(sex+yr*T+yr3_s1)sa 1320.526 2.70 0.05 15 1288.29 
8 phi(sex) f(sex+deadsockeye) RT(yr) HS(sex+yr*T+yr3_s1) 1320.585 2.75 0.05 15 1288.35 
9 phi(sex) f(sex+sockeye) RT(yr) HS(sex+yr*T+yr3_s1)sa 1320.592 2.76 0.05 15 1288.36 
10 phi(sex+deadsockeye) f(sex) RT(yr) HS(sex+yr*T+yr3_s1+deadsalmon) 1320.65 2.82 0.05 16 1286.11 
11 phi(yr) f(yr) RT(yr) HS(sex+yr*T+yr3_s1) 1322.095 4.26 0.02 14 1292.15 
12 phi(.) f(.) RT(.) HS(sex+yr*T+yr3_s1) 1322.301 4.47 0.02 11 1299.10 
13 phi(sex+yr) f(sex+yr) RT(yr) HS(sex+yr*T+yr3_s1) 1322.773 4.94 0.02 16 1288.23 
14 phi(sex*yr) f(sex*yr) RT(yr) HS(sex+yr*T+yr3_s1) 1323.65 5.82 0.01 17 1286.78 
15 phi(sex) f(sex) RT(.) HS(sex+yr*(T+sockeye)+yr3_s1) 1327.323 9.49 0.00 16 1292.78 
16 phi(sex*yr) f(sex*yr) RT(.) HS(sex+yr*T+yr3_s1) 1327.887 10.06 0.00 16 1293.34 
17 phi(sex) f(sex) RT(yr) HS(sex+yr+yr3_s1+deadsalmon) 1337.637 19.81 0.00 12 1312.21 
18 phi(sex) f(sex) RT(.) HS(sex+yr*sockeye+yr3_s1) 1345.298 27.47 0.00 13 1317.62 
19 phi(sex) f(sex) RT(.) HS(sex+yr+session+yr3_s1) 1345.505 27.67 0.00 15 1313.27 
20 phi(sex) f(sex) RT(.) HS(sex+yr+session) 1350.305 32.47 0.00 14 1320.36 
21 phi(sex) f(sex) RT(.) HS(sex+yr) 1358.009 40.18 0.00 9 1339.19 
22 Phi(yr*sex) f(yr*sex) p(sex*yr*session) 1374.487 56.66 0.00 46 1258.99 

 
 
The initial attempt was to build a satisfactory base model to explain variation in within 
year detection probabilities for bears along the Chilko River. Model considered included 
a model that allowed all detection probabilities to vary by sex, year, and session (model 
22 in Table 10).  This model was simplified to include additive trends in sex, year, and 
session (model 20).  It was noticed that the first session in year 3 detected a large number 
of bears so a unique term was added for this session (model 19).  Models that allowed 
detection probabilities to vary with dead salmon were considered (models 15.17,18 etc).  
A model that allowed linear trends in detection probabilities to exhibit linear trends (i.e. 
model 12) showed increasing support.  A model that considered an additive relationship 
between model 12, and dead salmon (basically assuming that the same numerical relation 
existed all years between salmon and detection rates) showed support from the data also 
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(model 3). Model 3 and the model without dead salmon (model 12) were used as the base 
model for detection probabilities. Various demographic models were then considered by 
constraining θ (apparent survival) and f (rate of addition). The basic suite of models 
considered temporal invariance of rates, sex-specific rates, year-specific rates, and 
combinations of each constraint. Of these models, the most supported was a model with 
temporal invariance and equal rates between sexes (model 1). However, a model with 
sex-specific rates (model 2) and a model with sex-specific rates for θ but not f was 
supported (model 4) by the data as indicated by ΔAICc values that were less than 1. 
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Appendix 4: Background on multi-strata model to estimate movement probabilities. 
 
A robust design multi-strata model (Hestbeck et al. 1991, Brownie et al. 1993) was used 
to estimate movement of bears between the Tatlayoko and Chilko River DNA areas. The 
multi-strata robust design model, like the Pradel model robust design, uses closed models 
to estimate capture probabilities and population size for a closed sampling session. The 
Multi-strata portion of the model then estimates apparent survival and movement 
probabilities (termed transition probabilities as denoted by ψ) of bears from the 
Tatlayoko grid to the Chilko River and from the Chilko River to the Tatlayoko river grid 
for the interval between sampling sessions.   
 
One issue was that sampling on the 2 grids occurred each spring (Tatlayoko) and fall 
(Chilko River) rather than at the same time which is the usual sampling design used for 
multi-strata analysis. To accommodate this issue the data was entered as sequential 
samples (i.e. Tatlayoko spring 2006 as yearly session 1, Chilko 2006 as session 2, etc) 
but then fixed multi-strata capture probabilities to be 0 to inform the model that only one 
of the grids was sampled during each session. For example, capture probabilities were 
fixed to be 0 for the Chilko area for the first session in which only Tatlayoko was 
sampled. Certain ψ parameters were also fixed to be 0 to account for the fact that only 
directional movement could be measured between sessions. For example, only movement 
from Tatlayoko to Chilko could be estimated between session 1 (spring Tatlayoko) and 
session 2 (fall Chilko).   
 
As with the Pradel robust design, sex and year-specific variation in movement rates were 
tested.  Survival, capture probabilities, and population size were treated as nuisance 
parameters for this analysis given that they were already estimated for the Pradel model. 
The most supported capture probability models for Tatlayoko and Chilko as determined 
in the Pradel model analysis were used to model capture probabilities. 
 
Table 11:  Multi-strata model selection results.  The most supported closed capture 
probability models from the Pradel model analysis were used to model capture 
probability variation.  Survival was modeled as an additive strata+sex for all 
models.  Tyr denoted a linear trend in a parameter.  Dead salmon was the mean dead 
salmon count for a given year on the Chilko River. 
 

Model AICc ΔAICc wi K Deviance
 PsiTC(.) PsiCT(.) 1806.36 0.00 0.64 24 1754.77 
 PsiTC(sex) PsiCT(sex) 1809.01 2.65 0.17 26 1752.78 
 PsiTC(sex+Tyr) PsiCT(sex+Tyr) 1810.66 4.30 0.07 28 1749.74 
 PsiTC(sex+deadsalmon) PsiCT(sex+yr) 1810.73 4.37 0.07 28 1749.81 
 PsiTC(sex+yr) PsiCT(sex) 1812.65 6.28 0.03 28 1751.73 
 PsiTC(sex+yr) PsiCT(sex+Tyr) 1813.02 6.66 0.02 29 1749.73 
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Figure 10:   Model-averaged multi-strata movement probabilities from models in 
Table 11. 
 
 


