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Preface 
We respectfully offer this report as a yearly formal update to the Heiltsuk Tribal Council and the Heiltsuk 

Integrated Resource Management Department (HIRMD).  We also offer this report as a means of sharing 

with the broader community details of our many activities within Heiltsuk Territory.  We acknowledge 

and respect the authority of the Heiltsuk Nation to manage natural resources in Heiltsuk Territory.  We 

offer our continued commitment as allies and partners in achieving the Nation’s objectives. 

Project Overview 
The Raincoast Conservation Foundation, in conjunction with local and UVic/SFU colleagues is conducting 

a longitudinal (multi-year) study designed to monitor bear populations and to better understand the 

interactions among black and grizzly bears, salmon, and people.  Using hair collected from non-invasive 

fur snagging stations, we use a variety of methods to track bear numbers, to estimate the amount of 

salmon sampled bears have consumed, and to explore how changes in salmon abundance might affect 

bear health and numbers.  This work provides ecological insight into how changing salmon abundances 

might affect bear populations.  While the central importance of salmon in the diet of carnivores has 

been recognized by conservation scientists for years, and by the Heiltsuk people for millennia, we aim to 

uncover the mechanisms by which salmon can structure carnivore ecology, and how much the health of 

individuals and populations are likely to be affected by changing salmon dynamics.  Insights gained from 

this project could not only help to better understand the ecology of bears and salmon in and around 

Heiltsuk Territory, but also help to inform the conservation of carnivores impacted by industrial human 

activities worldwide. 

Our work also directly and frequently links to bear research conducted by our partners at Coastwatch, 

the Central Coast Bear Working Group, and beyond.  Accordingly, we aim to provide results that also 

benefit other aspects of bear management, most notably Heiltsuk interests regarding forestry and 

trophy hunting. 

While we have continued through the years to address the central questions laid out at the onset of our 

research program, new questions and applications are continually arising.  These come from the 

addition of new students, from insights gleaned from community members both within and outside our 

team, and from requests by partnering organizations like HIRMD and Qqs/Coastwatch.  The insights we 

gain from the natural wealth of Heiltsuk Territory is matched only by the insights we gain from the 

cultural wealth and knowledge of the Heiltsuk community within which we have the privilege to embed 

our work.   We look forward to the exciting directions our work will take us, and are at the ready to 

continue working with HIRMD, Qqs, Coastwatch, the Hakai Network and Hakai Beach Institute and other 

partners on any important priorities as they arise. 
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Methods 

Research team 
Our field team typically consists of 6 core members, 

half of whom are self-funded university-based students 

and/or volunteers from outside the community, and 

half of whom are Heiltsuk community members (some 

of whom are also university students).  We have found 

this mix of local and outside crew and perspectives to 

be an ideal configuration for bi-directional learning and 

building capacity and knowledge across team 

members.  We attribute much of our success to this 

configuration.  Each year we additionally strive to 

employ at least one youth from within the community, 

and one youth from outside the community, to 

facilitate mentorship and access to the scientific 

process at a young age.  This youth training has been 

almost too successful – to date we have not been able 

to rehire our youth members in subsequent years, as 

they tend to be on more advanced employment or 

academic paths!  

  

Figure 1 2010 (top) and 2012 (bottom) field 
research crews 
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Study area 
Our study area encompasses over 4,000 km2, bounded by Don Peninsula to the West, just south of 

Kynoch Inlet to the north, Upper Kwatna River to the East, and Koeye to the south (Figure 2).  Within 

this area we set up and regularly visit 78 snag stations by boat and helicopter each year during May and 

June. 

 

Figure 2  Project Study area.  One snag station was located within each of the numbered grid cells in spring 2013 (exact 
locations can be obtained from Raincoast or HIRMD).  
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Non-invasive sampling 
We use a non-invasive technique, also used by Coastwatch since 2006 (three years before our project 

started), to gather hair samples from area bears each spring.  We set up 78 snag stations across the 

territory (Figure 2).  Each site is selected to be accessible by boat or helicopter, to be a safe distance 

from human activities (at least 500m from human trails and 1km from human habitation), and to be 

close to habitat used by bears in the spring.  Site locations typically do not change across years unless 

necessary for human safety reasons (i.e., if active logging or similar activity occurs too close to an 

existing site) or logistic issues (i.e., previous location altered from logging, blowdown, landslides, etc).  

Each site is marked with a sign cautioning people to keep away to prevent potentially dangerous 

situations.  As of 2012 we also provide exact site coordinates to HIRMD before and during each field 

season.   

Once a site location is selected we make a large pile of vegetation and moss from materials found at the 

site onto which we pour 4 L of liquefied non-reward (animals cannot consume it) fish remains. This 

product is sourced from Pacific BioProducts, Ltd, of Richmond BC and is composed of the unprocessed 

remains from the British Columbia groundfish fishery, typically sold as organic fertilizer.  We surround 

this bait pile with a perimeter of barbed wire placed 50 cm above the ground and nailed into 

surrounding trees. These barbed wire corrals range from approximately 50 to 100 square metres in area. 

Bears are attracted to the bait pile and, as they pass over or under the wire, small tufts of hair are pulled 

out and left on barbs (Figure 3).  After the initial set up we check each station a total of 3 times, each 

visit at least 10 days apart.  We collect any hairs that have been deposited on the barbs and then either 

re-bait the site (the first 2 revisits) or take the site down (the last visit) leaving no outside materials 

behind.   

Figure 3  Left:  Grizzly bear resting within a non-invasive snag station.  Barbed wire strand seen in front of bear surrounds the 
site 50 cm off the ground.  Behind the bear is the bait pile, consisting of materials obtained from the site and scented with a 
liquid (devoid of any actual food) obtained from the British Columbia groundfish fishery.  Right:  Team member Harvey Brown 
collecting bear hair samples from barb wire snag station. 
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This is now a common technique applied to more than 30 studies across North America and Europe. A 

review of this technique for Parks Canada found that no injuries to either bears or humans have been 

recorded in any of these studies (Apps et al. 2005, p. 42; Apps pers. comm. 2011).  After inspecting 

hundreds of animals that were captured and handled in such studies, researchers are confident that the 

barbs do not injure animals.  Remote camera data from our preceding seasons have also shown no sign 

of injury from site visitation, and indicate that bears spend an average of 3:06 (three minutes) 

investigating the bait before leaving the stations, suggesting site visitation does not cause much 

disruption to their activities.   

That this research has a low impact on the bears is an important distinction from many common bear 

research approaches that rely on tranquilizing individuals, pulling teeth, adding radio collars, and other 

invasive methods that have all been shown to cause considerable distress.    A non-invasive approach is 

not only essential based on our own ethical standards, but we are aware it is also an absolute 

requirement for work in the territory given the Heiltsuk values of respect and reciprocity for natural 

systems.  

Mark-recapture 
Collected hair samples are sent to Wildlife 

Genetics International, a private lab where 

genetic analyses are used to identify the 

individual captured, their species, and sex.  

One application of the genetic data from 

these analyses is mark-recapture 

population estimation.  This technique is a 

mathematical application perhaps best 

explained by example:  if you picked a 

handful of 10 crabs from a “population” of 

20 crabs, marked them with a marker and 

returned them to the overall “population”, 

half your population would now be 

“marked”.  If you again picked a handful of 10 crabs randomly from the same population you would 

expect that, on average, half the handful (or 5 of 10) would be marked.  These 5 individuals would have 

been “marked” and “recaptured”.  If, by comparison, you picked 10 crabs from a “population” of 100, 

marked them with a marker and returned them to the overall “population”, only 10% of this population 

would now be marked.  If you randomly picked 10 crabs again from this population, you would expect 

that, on average, only 10% (or 1 of 10) would be marked (and recaptured).  This same principle can be 

used across animal populations, where a given number of animals is captured, marked, and released 

back into the population.  The percentage of marked individuals recaptured at later time can be used to 

calculate the total population size.  In our analyses we do not actually capture grizzly bears.  Instead, the 

first time we snag hair from a given individual we consider it to be “marked”.  If we snag hair from that 

same individual again, we consider it to be “recaptured”.  In each round, the proportion of samples we 

Figure 4 A grizzly family near one of our snag stations.  Mark-recapture 
analyses allow us to estimate important attributes like how populations 
grow or shrink over time 
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snag from new individuals relative to number of samples we snag from individuals we have encountered 

before (“recaptures”) is used to estimate total population sizes.  This yields information not only on the 

size of a population in a given year, but also how populations are changing through time. 

Isotopic Analyses 
Once we have genetically determined which individual bear each hair sample has come from, we then 

send our samples to the University of Saskatchewan for isotopic analyses.  The basis of isotopic analysis 

lies in the fact that all elements (such as carbon, nitrogen, etc) exist in multiple forms (or isotopes): 

some molecules of carbon (C-13) are slightly heavier than others (C-12).  These heavier isotopes are 

fairly rare in the environment (for instance almost 99% of carbon is the lighter C-12 isotope). Different 

environments have different isotopic compositions; for instance, the proportion of carbon-13 isotopes is 

much higher in marine compared to terrestrial environments.  When food (such as plant material) from 

a given area is eaten, some of the carbon from that food is integrated into the consumer’s tissue (skin 

and other organs, hair, feathers, etc).  As such, the proportion of carbon-13 in an animal’s tissue can be 

used to determine where the food came from.  In our case this allows us to determine the portion of a 

bear’s diet that comes from marine foods 

(primarily salmon).  Additionally, some heavy 

isotopes, such as nitrogen, are preferentially 

stored in organic molecules, especially in 

marine-derived food webs.   When an 

organism’s food source is a mix of heavier and 

lighter isotopes of nitrogen, the heavier 

isotopes (nitrogen-15) are more likely to be 

integrated into its tissues.  As such, tissues of 

live organisms tend to contain greater 

proportions of nitrogen-15 than their 

surrounding environment and than the food 

they ate (a phenomenon known as “trophic 

enrichment”).  As herbivores eat plants and 

carnivores eat herbivores this enrichment 

increases.  As such, the proportion of nitrogen-15 in an organism’s tissue can be used to determine an 

organism’s trophic position (whether the organism is an herbivore, a carnivore, a top carnivore, etc).  In 

our particular study system we can use the isotopic composition of hairs we have sampled from bears to 

estimate the proportion of salmon, plants, and other animal protein in the diets of the animals we have 

non-invasively captured (i.e. whose hairs we have sampled from our snags).  This is an important metric 

given the importance of salmon to the diets of coastal bears.  This diet information, paired with fish 

count data and mark-recapture analyses, allows us to estimate how changing salmon abundance might 

affect the size and health of bear populations in Heiltsuk Territory.  Similarly, by analyzing the hormonal 

composition of hairs we can estimate how changing salmon abundance might affect the health and 

reproductive abilities of individual bears. 

Figure 5  Spawning chum salmon in Heiltsuk territory.  Isotopic 
analyses allow us to estimate salmon consumption in sampled 
bears 
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Preliminary results 

Detected relative densities of bears across the study area, 2010-2011 

 

Figure 6  Comparison between BC government-modeled high-quality grizzly habitat (left two panels) and number of grizzly 

bears detected from non-invasive hair snagging in spring 2010 and 2011. 

In summer of 2012 we offered a document to HIRMD outlining some preliminary results from our field 

work to help inform discussions with the province and timber industry on grizzly bear habitat land-use 

designations in Heiltsuk territory.  Our analyses compared the distribution of government-modeled high-

quality spring habitat across the territory to distribution and relative abundance of grizzly bears 

detected from our field work.  While number of detected grizzlies and modeled habitat suitability are 

different metrics, the government’s estimates of grizzly populations are based on modeled habitat 

suitability.  If these models are accurate it follows that the density of modeled high-quality spring 

habitat within an area should correspond to the number of bears that area supports; areas with a high 

density of high-quality habitat should in theory also contain a high density of bears.   

High densities of grizzly bears were detected in some areas predicted by government models to have 

high quality habitat (ie Kwatna/Quatlena landscape unit; Figure 6).  Similarly, no grizzlies were detected 

in some areas predicted to have no high-quality habitat (ie Denny landscape unit Figure 6).  However, 

some important discrepancies were noted.  Of highest concern, government models only predicted 

medium densities of high quality bear habitat in the Koeye/Nootum landscape unit, whereas our study 

has detected a high density of bears there.  From these comparisons we offered three conclusions:   
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 First, if efforts to safeguard high-quality spring bear habitat are required to focus on specific 

areas, field data suggest that the Nootum/Koeye landscape should be a high priority.  Notably, 

the QQS/Coastwatch research team have long ago identified this area as important for grizzlies.  

 Second, there is considerable divergence between field-based estimates of grizzly densities and 

estimates of high-value grizzly bear habitat modeled by the province.  This highlights the need 

for refining and ground-truthing government models.  These models could be continually 

improved by incorporating information from field studies and other sources as they become 

available.  

 Third, the mismatch between government models and field data emphasize that consideration 

of local knowledge and expertise is important.   Although unanticipated, this contribution - and 

more like it in the future - reinforces the value and need of including localized expert knowledge 

and input in management.  This localized knowledge and input will also play a key role in 

updating models as habitats and population dynamics are affected by climate change and other 

anthropogenic factors. 

Preliminary Population Estimates 
Although very preliminary, we have estimated some population 

dynamics for the grizzly bears sampled in our work from 2010 

to 2012.  In this time period we captured a total of 63 individual 

grizzly bears (See Table 1, below).  Using a very basic mark-

recapture analysis we were able to estimate population sizes, 

additions (births and immigration) to the population, and 

survivorship among years (Figure 7).  In the next year we hope 

to re-analyze these data with more sophisticated modeling 

tools and with the addition of 2013 data to arrive at more 

accurate and more precise estimates of these important 

population measures.  We will also calculate these estimates for 

black bears captured throughout the territory and throughout 

the years of this study. 

 

Year Total Captures New Recaptures 

2010 24 (5) 24 (5) 0 

2011 22 ( 4 ) 10 (2) 12 (2) 

2012 17 ( 4 ) 5 (3) 12 (1) 

 

Table 1.  Summary of total detected 

unique bears in Heiltsuk Territory 7x7 

grid, 2010-2012.  Parentheses denote 

number of females captured 
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Figure 7 Population attributes of total captured grizzly bears in Heiltsuk territory, 2010-

2012.  A) Change in population size ( ̂           ), and B) apparent survival and rates of 
addition, intervals 1 (2010-2011) and 2 (2011-2012).  C) Capture probability and D) 
Superpopulation estimates for sessions 1-3 (2010-2012). 

 

Effect of salmon abundance on black and grizzly bear health 
One often-overlooked concern is exactly how changing salmon abundances might affect the well-being 

of individual bears, and how these changes might differ between black and grizzly bears.  Similar to how 

isotopic analyses of hair provide insight into the diets of sampled bears over the previous year, 

hormonal analysis of samples provides a yearly snapshot of stress levels.  We examined the hormone 

content in hairs captured by our hair-snags and from government samples collected from killed (hunted, 

animal control kills, self-defence, etc) grizzly bears.   

We found that cortisol, an important hormone associated with general long-term stress levels, 

decreased as salmon consumption increased in grizzly bears, suggesting stress from poor salmon years 

was physiological and directly related to limitation of a critical food source.  In black bears, cortisol was 

more related to total salmon availability (amount of salmon in the area streams, as opposed to salmon 

actually eaten), suggesting competition among bears over poor salmon returns might be causing greater 

stress than starvation.  In both species, testosterone, an important hormone related to aggression and 

competition, decreased in years with high salmon returns, suggesting that these years corresponded 

with less competition among bears.  Based on these results, we developed a model to explain our 

overall findings (See Figure 8 and caption below).   
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Figure 8  Conceptual model explaining hormonal differences found among grizzly and black bears at 

different spawning salmon densities.   (A) When salmon availability is low—at letter (a)—nutritional 

stress would be high and social density would be low because bears would use other, more dispersed 

resources, or move elsewhere to access salmon. When salmon availability is intermediate relative to the 

number of bears, competition would be high and nutritional stress would be intermediate (b). Both 

social and nutritional stress would be low when enough salmon is available that most bears meet their 

nutritional requirements (c). We suggest that variations in this model could explain the differences we 

observed between grizzly and black bears. (B) Grizzly and black bears might have different nutritional 

requirements, (C) population densities, (D) or habitat and resource use. We note that no single model 

completely explains our data; a combination of these models plus other factors described in the text are 

probably important. 

Re-assessing the distribution of coastal grizzly bears 
We used a combination of hair snag data, camera data, and interview data to assess the distribution of 

grizzly bears on the central coast of BC.  Official government models suggest that grizzly bears do not 

inhabit islands, with the exception of Yeo King, Pooley, Roderick, and Susan Islands.  However, many 

people, including community members in Klemtu and Bella Bella, have seen grizzlies on islands, and 

have noted that sightings seem to be increasing through time.  We used a multi-method approach to 

combine knowledge sources and delineate the current distribution of grizzly bears around Bella Bella 

and Klemtu.  In addition to genetic and camera data obtained from non-invasive sampling projects, we 

conducted interviews to learn from the locally-held knowledge of grizzly bear distribution.  Knowledge 

shared in these interviews was broadly grouped as Traditional Ecological Knowledge (TEK), knowledge 

passed down from generation to generation, and Local Ecological Knowledge (LEK), knowledge gained 

first-hand from an individual’s own experiences.    
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Interview data suggested that grizzly bears do occur on islands, and that a coastward expansion of their 

habitat has occurred in recent years (Figure 9).  Camera and genetic data agreed that grizzly bears do 

indeed occur on islands beyond their currently “accepted” range.  Results from this work point to the 

value of combining scientific and community knowledge.  Notably, the results of both methods affirmed 

one another. However, only interview data, however, could provide temporal data.  As colonial 

governments continue cutting their scientific and environmental monitoring efforts, this work provides 

further support for using TEK data in resource management by indigenous governments reasserting 

their right to govern their territories. 

 

 

Figure 9  Percent of respondents reporting distribution of grizzly bears on islands.  Darker red colours indicate a higher 
percentage.  Panels shown are for pre 1992, 1992-2002, and 2003-2012 time periods. 
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Distribution, movement, and range size of individuals captured across 

projects 
 

Data collected from our project based in Bella Bella, along with Raincoast’s work with the 

Kitasoo/Xai’xais and our partners at Qqs, have allowed use to examine the movement of individual bears 

captured through the years (Figure 10). This is providing valuable information on dispersal, home 

ranges, and connectivity of captured bears.  Such insights could prove valuable, especially to the Central 

Coast Bear Working group as talks continue over the course of bear management in the territories of 

the four Central Coast First Nations.   

 

Figure 10  Movement of individual grizzly bears (left) and black bears (right) whose hair was captured in Raincoast non-invasive 
hair snags.  Same-coloured lines connect the multiple capture locations for individual bears.  The darker the lines the further 
total distance between capture locations for a given bear.   
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Additional activities in the territory 

Koeye Camp 
One of the highlights and most cherished privilege among the 

Raincoast crew is our participation in Koeye camp.  Each year we 

contribute our time and research vessel, Achiever, to the camp 

for a coastal conservation-themed week.  Students learn about 

local and global topics in ecology and conservation by taking part 

in hands-on activities. Through fast-paced and interactive games, 

we introduce a diversity of complex concepts including 

ecosystems, food-webs, predator-prey relationships, foraging 

theory, genetic diversity, island biogeography, habitat 

fragmentation, adaptation, sociality and conservation. Campers 

learn about wildlife identification and tracking by examining 

animal pelts, skulls, and plastic replicas of scat and tracks. They 

gain firsthand insight into wildlife research techniques by 

detecting and identifying wildlife signs such as scat, rubbing 

trees, hair, and tracks. Each activity is tailored to the age group 

and setting. For example, older students are expected to explore the theory behind games in more 

depth than are younger students. In addition, older students are provided more challenging tasks such 

as using GPS units to navigate a scavenger hunt.  Although most activities take place outdoors in a 

wilderness setting, we adapt some to a classroom setting during Discovery week.  

In addition to land-based activities, we introduce students 

to hands-on marine research aboard our 66 foot, Coast 

Guard-certified research vessel, the Achiever. While on 

board, youth use a hydrophone to listen for whales, 

dophins and porpoises as well as noise pollution from 

boats. They also have the chance to identify marine 

mammals and birds from the observation platform while 

running a transect. Through these activities, campers  

explore the world of marine organisms, learn of the 

importance and significance of marine research, are 

introduced to methods and challenges of studying the 

marine environment,  and develop an appreciation for the 

urgency of marine conservation issues. In addition to 

research and natural history, campers learn about the 

ship’s navigation systems and marine career options. The 

ship’s crew helps facilitate the learning process, drawing 

from their extensive knowledge and experience in marine 

ecology, research, video production, and navigation.  Figure 11 Hands-on whale education aboard 
the Achiever 
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Our activities not only address deep ecological 

theory but also cover issues identified as high 

priorities in the territory.  For instance, one of our 

best-received activities that we, and now others in 

the community such as Qqs, have used multiple 

times is our simulated oil spill.  In this activity we 

cover feathers, grass, fake fur and a variety of 

other materials in “crude oil” (we use a mix of 

cacao powder and vegetable oil).  Campers are 

then asked to use dish soap, sponges, and water to 

try to clean our contaminated items.  After 10 

minutes of hard work they proudly show us a 

cleaned feather.  We ask them to imagine how long 

it would take to clean a bird, and then how long it would take to clean all the birds in the territory.  The 

looks on their faces are evidence of how well this activity highlights the severity of the threat Enbridge 

and similar industrial proposals could pose to their home. 

Raincoasters also learn enormously from our time at Koeye camp. We witness important aspects of 

Heiltsuk culture.  Given that resources are so tightly coupled to culture, this experience builds our own 

capacity to become better applied scientists in the territory.  This also provides an important 

opportunity to make new and strengthen existing friendships.  2013 will mark Raincoast’s 14th year as 

resource people at Koeye! 

Career week 
Another important opportunity to share our insight and inside knowledge of the scientific community is 

through our participation in Career Week at the Bella Bella Community School.  Our visits to this include 

classroom presentation on the work we do in the territory, providing insight into different ways students 

might prepare themselves for a career in science. 

School programs 
We have participated in a variety of school programs since 2002.  For instance we have taken part in 

Science Week, running science activities for all grades in the community school.  We have joined on 

many school field trips to lead educational activities and talk about the ecology of the sites we visit.  

These field trips have included Hakai, Gullchucks, and this year a camping trip at Cáǧvaís.  Participating 

in these each year gives us an opportunity to share our knowledge with the next generation of leaders 

and stewards.  It is also a great privilege for us to learn from local experts, while learning from, and 

getting to know, the kids.  It has given us great inspiration watching them grow from curious kids into 

knowledgeable and compassionate young adults! 

Figure 12  Educational activities at Koeye 
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                             Figure 13  2013 camping trip to Cáǧvaís with Grades 6/7 

More information 
For more information about Raincoast’s bear and other work in Heiltsuk territory please contact Kyle 

Artelle at kyle@raincoast.org or Chris Darimont at darimont@uvic.ca.  For more information about 

Raincoast Conservation Foundation please check out our website at raincoast.org. 
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