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Introduction 
 
The ‘Crown of the Continent’ ecosystem 
(CCE) is one of North America’s most 
ecologically diverse and jurisdictionally 
fragmented ecosystems. Encompassing the 
shared Rocky Mountain region of Montana, 
British Columbia and Alberta, this 16,000 
square mile / 42,000 square kilometre 
ecological complex spreads across two 
nations; across one state and two provinces.  
 
The CCE is internationally recognized for its 
biodiversity and landscape form. In relatively 
short transitions, landscapes range from flat 
grasslands to soaring peaks; from rock and 
ice to lush forests; from uninhabited 
wilderness to densely-populated settlements. 
This varied landscape sees a likewise varied 
range of wildlife species and vegetation 
communities. A full complement of large 
carnivores and ungulates can be found in the 
region, the valleys in the CCE serving as 
important wildlife movement corridors, 
representing one of the last areas with the 
potential for such large-scale connectivity. 
 
The headwaters of three of North America’s 
major river systems, flowing to three 
different oceans are encompassed within the 
CCE: the Saskatchewan flowing to the 
Hudsons Bay; the Missouri flowing to the 
Gulf of Mexico; and the Columbia flowing to 
the Pacific Ocean. 
 
The productive landscape has drawn people 
to the region for millennia, with the last 
century seeing a dramatic increase in 
industries and residents. This relatively 
narrow slice of the continent now sees 
upwards of two million people using its 
landscapes. The last century has seen 
dramatic increases in protection as well, with 
the designation of numerous parks, 
wilderness and other protected areas. 
 
The long term ecological integrity of the 
region is challenged because the region faces 
intensification in all areas of human activity, 
including urban and rural residential 
expansion, increased and diversifying 
recreational use, intensified demands for 
resource use and extraction, and the growth 
of the physical infrastructure needed to 
support all of these. These pressures exist at 
different intensities in different locales 
throughout the region. The effectiveness of 

responding to these issues is complicated by 
jurisdictional fragmentation.  
 
The result has been increasing fragmentation 
and loss of wildlife habitat, decreased quality 
of wilderness-oriented recreational 
experiences, degradation of important 
ecological goods and services such as clean 
air and clean water, uncertainty and 
frustration for both industrial and protection 
efforts, and increasingly unhealthy local 
communities.   
 
In order to maintain essential ecological 
processes and manage human presence 
within this landscape, a need exists for 
transboundary collaborative approaches to 
conservation at a regional scale.   

 
Figure 1: Crown of the Continent Ecosystem 

 
Purpose of document 
 
The CCE is the backbone of the Yellowstone 
to Yukon Conservation Initiative (Y2Y), 
representing an important ecological hotspot 
and one of their priority conservation areas. 
Y2Y has three program areas to maintain 
healthy populations of terrestrial, aquatic 
and avian species.  The purpose of this 
document is to provide background 
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information for Y2Y and partnering 
organizations to assist with the development 
of conservation strategies in the CCE.  To 
assist Y2Y in this process a selection of key 
ecological targets were selected to represent 
connectivity and ecosystem health of the 
CCE. The health of each target was assessed 
using a series of indicators, and threats to 
each target are described.  
 

Why landscape Connectivity 
 
Maintaining connections, where animals, 
plants and ecological processes can move 
freely across the landscape, is an important 
component of conservation. These 
connections are important to large ranging 
animal movements, propagation of plants, 
genetic exchange between populations, 
population response to environmental 
change and for recolinization of areas where 
extirpation has occurred. Disconnected 
landscapes occur when human activities alter 
the natural landscape mosaic, creating 
fragmentation, where species or ecological 
processes are restricted from moving freely. 
For example, fragmentation from human 
settlement may alter the natural patch 
mosaic of surrounding undisturbed 
landscapes through the elimination of fire. 
The short and long term consequences of 
removing fire, an important ecological 
process, may result in reduced habitat 
heterogeneity and structure, influencing 
community structure of organisms on the 
landscape.     
 
Addressing connectivity in the CCE is 
challenging because different organisms 
require different habitat types or structural 
requirements depending on their life stage 
and behaviors. Additionally species respond 
to landscape changes at different spatial 
scales. In other words there is not a critical 
species threshold where a landscape 
becomes disconnected because different 
organisms behave and respond differently to 
landscape patterns and human activity. In 
certain cases, fragmentation or barriers to 
movement may benefit a population by 
preventing colonization of non-native species 
or the spread of infectious diseases.  
Connectivity needs to be assessed for each 
species in relation to its impact on 
population parameters (mortality, growth 
rate, demographics) and ecosystem 
processes (recovery from disturbance, flow 
of nutrients). Additionally, restoring 
connectivity may not conserve an organism if 

other threats such as human-induced 
mortality though harvest or competition from 
non-native species are the primary threat to 
a target. Connected landscapes are an 
important component of ecosystem health in 
the CCE but other factors may affect the 
persistence of species population on the 
landscape.  
 
In summary for certain species connectivity 
is necessary because it influences access to 
resources and colonization of empty habitat. 
However, ensuring connectivity alone is not 
sufficient for species conservation, which is 
linked to the relationship between 
reproduction and mortality and to increasing 
threats on the landscape. Therefore although 
connectivity remains a central theme of Y2Y 
conservation planning, the targets selected 
for CCE are evaluated for overall health. 
Additionally threats that are not related to 
fragmenting habitat are also presented to 
ensure the development of strategies to 
address all threats impacting a target.   
  

Target selection 
 
The approach of this report uses terminology 
and concepts adopted from the Five-S 
process developed by The Nature 
Conservancy for site conservation planning 
(Low, 2003). The Five-S Process relies on a 
system of selecting targets, stresses 
(destroy, degrade or impair a target) and 
sources of stress (proximate cause of the 
stress) to identity conservation priorities on 
a landscape. Stresses are separated from 
sources of stress because often a stress, 
which is actually impairing the target can 
have multiple sources of stress. For 
example, the stress, nutrient loading may be 
due to the sources of stress, application of 
fertilizer on agricultural land or road 
development. Four Five-S site conservation 
planning (SCP) processes have occurred in 
the CCE on smaller scales in the Swan River 
Basin, Rocky Mountain Front, Crowsnest Pass 
and BC Flathead Valley.  This report diverges 
from the Five S process by using literature 
review as the main source of information to 
assess target health and threats. 
Consequently the health of targets and the 
threats are not ranked as occurs in a 
traditional site conservation plan.  
 
Identification of targets for the CCE included 
a review of, four SCP processes, wildlife 
targets selected for the different 
management agencies in CCE, Y2Y supported 
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research and consultation with local experts. 
The review resulted in a list of possible 
targets from which eight were selected as 
indicators for the CCE. Although target 
selection was an iterative process, guiding 
principles were used to assist Y2Y in 
identifying a selection of representative 
targets:  
 

• Target addresses issues of connectivity 
at different spatial scale for terrestrial, 
aquatic or avian species within the CCE;  

 
• Target represents ecological 
communities or systems that supports 
high levels of biodiversity;  

 
•  Target is a keystone species that drives 
ecological processes or umbrella species 
that disperse and use resources across 
different ecological systems; and  

 
• Globally important habitat feature or 
attribute that is important for regional 
scale species conservation, such as a 
migratory stop over or nesting.  

 
The targets selected for the CCE are 
displayed in table 1. 

 
 
Table 1: Selected targets for the CCE 

 

Target Y2Y Program 
Area 

Rational 

Grizzly Bear Terrestrial  An umbrella species in the CCE, requiring large home ranges, 
including assess to neighboring ecosystems. Sensitive to habitat 
fragmentation within the CCE and to neighboring ecosystems. 
Sensitive to human caused morality primarily due to conflicts 
between humans and bears.  

Wolverine Terrestrial  Exhibits a metapopulation structure, dependent on connectivity 
between areas where trapping is prohibited i.e. protected areas. 
Sensitive to habitat avoidance from denning sites due to 
recreational activity. 

Lynx Terrestrial Exhibits a metapopulation structure, dependent on connectivity 
between areas with high hare densities. Sensitive to trapping 
pressure and fire suppression influencing the natural mosaic of 
successional stages which support higher densities of snow shoe 
hares.  

Pileated 
woodpecker 

Avian A keystone habitat modifier in the CCE, supporting over 18 
secondary cavity nesters dependent on mature forests stands. 
Sensitive to fire suppression and forestry practices that reduce 
landscape heterogeneity and structure.  

White bark 
pine 

Avian, 
Terrestrial 

A keystone species in the sub-alpine ecosystem, important in 
succession of the alpine and as a food source for many alpine 
species including grizzly bear.   

Cottonwood 
forests 

Aquatic, Avian, 
Terrestrial 

Important ecological community representing biodiversity 
hotspots in the CCE. Sensitive to alterations to the natural 
hydrological cycle and grazing pressure. 

Bull trout Aquatic Exhibits a metapopulation structure, connectivity within river 
basins influenced by habitat fragmentation from dams, water 
diversion and degraded water quality. Also sensitive to angling 
pressure and the introduction of exotic species.   

High integrity 
watershed  

Aquatic, 
Terrestrial 

A natural resource in the CCE where native species assemblages 
are maintained.  Connectivity within watershed basins is 
sensitive to habitat fragmentation and degradation as a result of 
resource extraction and recreational activity within the CCE.  
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Grizzly bear (Ursus Arctos)  
The grizzly bear is a wide ranging carnivore 
that requires access to large areas of secure 
and diverse habitats to meet life 
requirements. Posited as an umbrella 
species, its conservation will benefit 
numerous other native flora and fauna as 
well as maintaining areas large enough for 
large scale ecological processes to function. 
Key issues concerning grizzly bears 
populations include maintaining secure 
habitat and reducing human induced 
mortality. Y2Y’s grizzly bear technical report 
(Merrill 2005) calls for maintaining healthy 
populations across the entire Yellowstone to 
Yukon region including the CCE.  Merrill’s 
report (2005) defines healthy grizzly bear 
populations as ‘demographically robust’. 
Demographically robust populations consist 
of 500-700 individuals and can persist for 
the next 100 years allowing them to display 
enough genetic and behavioral diversity to 
withstand natural environmental variation 
(Miller and Waits 2003). Y2Y’s conservation 
strategy finds the Crown currently supports a 
demographically viable population yet 
identifies it as an important area for grizzly 
bear conservation and restoration activity for 
long-term sustainability.  Specifically, east-
west running Highway 3 in the Canadian 
Rocky Mountains is noted by biologists as a 
fracture zone within the Crown (Proctor et al. 
2005, Apps et al. 2006). Ensuring movement 
across Highway 3 is essential to prevent 
genetic isolation between populations to the 
north and south of the highway. The 
consequences of a complete fracture along 
Highway 3 extends beyond the Crown as it 
would sever populations in the United States 
and southern Canada from larger, robust 
populations in central Canada (Merrill 2005,  
Proctor et al 2005).  Y2Y’s conservation 
strategy also regards the CCE as an 
important linkage to the Greater Yellowstone 
grizzly bear populations, and indicates that 
the CCE population may be at risk due to its 
long and narrow size, particularly in the 
south, increasing interactions with humans 
and consequently leading to grizzly bear 
mortality.  

STATUS 
In Alberta the grizzly bear is ranked as a 
“may be at risk” species (ASRD, 2005). The 
United States listed the grizzly bear as 
threatened under the US Endangered Species 
Act (NatureServe 2006). In British Columbia 
grizzly bears are blue listed (at risk, 

sensitive to human activities) (BC 
Conservation Data Center, 2006). 

ASSESSING GRIZZLY BEAR HEALTH 
  
Grizzly bear health is linked to habitat 
quality (food resources), density of bears 
and human caused mortality. These factors 
are inter-related, for example higher quality 
habitat supports a higher density of bears 
which can withstand a higher mortality rate. 
Habitat quality varies through out the CCE. 
For example, the region west of the 
continental divide supports a higher amount 
of food and therefore higher densities of 
bears. Additionally female home ranges in 
areas of higher quality habitat are likely 
smaller, decreasing the risk of bears 
encountering humans as they forage for 
food. Therefore acceptable rates of human- 
caused mortality will vary across the CCE, 
depending on the density of grizzly bear 
populations. In addition due to the 
jurisdictional complexity of the CCE, grizzly 
bear populations are managed and 
monitored separately by agencies within 
each jurisdiction.  The indicators presented 
are therefore assessed independently for 
Alberta, British Columbia and Montana.  
 
Indicator: population size or density 
British Columbia: Mowat et al. (2004) 
estimated grizzly bear populations for the 
three population units that occur in the CCE, 
Flathead (97), Southern Rockies (201) and 
the Park ranges (164) for a total population 
of 462 grizzly bears in the CCE portion of 
British Columbia. A report by the British 
Columbia government rates the conservation 
status of grizzly bear as viable in the three 
populations units in the CCE. The 
conservation status assesses the ability of 
the habitat within the population unit to 
support the estimated population of grizzly 
bears (Gyug et al. 2004).  
 
Alberta: The Alberta government released a 
draft Grizzly Bear Recovery Plan, a report 
that noted a likely decline in grizzly bear 
populations in some areas of the province. 
However population estimates are limited 
due to a paucity of information (Alberta 
Grizzly Bear Recovery Team, 200x).  A very 
rough population estimate for Alberta is 700 
individual bears. The report further states 
the current population estimate does not 
reflect the habitat capability in the province, 
suggesting human-caused mortality is having 
a negative impact on grizzly bears in Alberta 

ASSESSING GRIZZLY BEAR HEALTH 
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(Alberta Grizzly Bear Recovery Team, 200x).  
An earlier report by Stenhouse estimated the 
population in bear management units 6 and 
7 at approximately 27 individual bears 
(Stenhouse et al, 2003). Population 
estimates from 1998 estimate grizzly bear 
population in Waterton Lakes National Park 
at 15 bears (Mowat et al. 1998). This would 
suggest that the population in the Alberta 
portion of the CCE to be at 42 grizzly bears. 
A recent report by Bergman noted that the 
population in south western Alberta seems to 
be increasing (Bergman, 2003).  
 
Montana: Kate Kendall, a researcher with 
United States Geological Survey is the lead 
on a project to accurately estimate grizzly 
bear densities and population size in the 
Montana portion of the CCE. Preliminary 
results indicate the southern portion of 
Montana having a lower density when 
compare to the northern portion.  Past 
research from 1998-2002, using hair 
snagging and DNA analysis estimated the 
grizzly bear population at 349-590 in 
Northern Montana. A 2006 press release 
increased this estimate to a minimum of 545 
individual bears in the NCDE with the 
greatest percentage occurring in Glacier 
National Park, (Great Falls Tribute 2006).  
 
Indicator: Rate of human caused mortality 
One of the key concerns in the CCE is the 
rate of grizzly bear mortality caused by 
humans (Mattson et al. 1998). In Canada the 
legal harvest is the lead cause of mortality, 
although hunting has been banned in the 
Grizzly Bear Management areas occurring in 
the CCE. The second greatest cause of 
mortality in all three jurisdictions was 
management action as a result of human 
bear conflict, mainly as a result of the 
inappropriate storage of attractants in areas 
of human settlement.  
 
British Columbia:  A recent analysis for the 
entire province assessed the percentage of 
kills caused by humans from 1978-2003 
through four categories: hunter harvest 
(88.5%), animal control (8.6%), illegal kill 
(2%) and pick-up (including road and rail 
kills and unknown causes) (0.9%) (Austin et 
al. 2004).  Information specific to grizzly 
bear population units were not available.  
 
Alberta: The Alberta government breaks 
grizzly bear mortality down for the province 
as harvest (52%), illegal (15%), self defence 
(10%), problem wildlife (5%), aboriginal 

(5%), vehicle/train (5%) and other (5%) 
based on data from 1990-2003 (Alberta 
Grizzly Bear Recovery Team, 200x). 
Stenhouse et al. noted a high mortality 
density occurring in the extreme southwest 
corner of Alberta (2003). The grizzly bear 
recovery plan states that “in Alberta, human 
caused mortality appears to be too high to 
sustain grizzly bear populations in the long 
term” (Alberta Grizzly Bear Recovery Team, 
200x). The average number of bears killed 
per year from 1997-2002 in Grizzly Bear 
Management Area 6 and 7 was 6.7.  The 
main issue in south-western Alberta is 
management action due to conflict between 
livestock and grizzly bears.  
 
Montana: In Montana human induced grizzly 
bear mortality for the 2004-2005 period is 
broken down into management action (37%), 
illegal (22%), train (8%), probable illegal 
(8%), capture rate (8%), self defence (6%), 
vehicle (6%), mistaken identity (4%), 
augmentation (2%). The predominant cause 
of management action is broken down into 
issues with cattle, sheep, but primarily is 
related to front country development (Grizzly 
Bear Population Monitoring, 2005). The 
population team expressed concern about 
the high number of female grizzly bears 
deaths.  A study by Edwards (2005) found 
there were 31 grizzly bear mortalities related 
to human causes in 2004 in the Northern 
Continental Divide Ecosystem (represents 
the CCE in Montana).The mortality threshold 
set by the United States Fish and Wildlife 
Service has been exceeded in recent years.  
 
Indicator: Movement across major highways  
There are two major highways that have 
been identified as a concern for grizzly bear 
movement within the CCE, Highway 2 and 3. 
Other research studies have suggested a 
traffic volume threshold for movement, for 
example Alexander et al. found that traffic 
volumes exceeding 300-500 per day 
impaired carnivore movement (2005).  
 
Highway 3 is a two lane major east west 
highway that runs over the continental divide 
in the Southern Canadian Rockies supporting 
upward of 9000 vehicles per day in the 
summer. Research indicates Highway 3 is 
currently acting as a demographic barrier to 
female grizzly bears, while male bears are 
still crossing but their movement is reduced 
relative to control areas without a highway 
(Proctor et al. 2005).  
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Highway 2 is a major east west 
transportation route in Montana that bisects 
Glacier National Park from the Bob Marshall 
Wilderness. A recent study found that grizzly 
bears are frequently and successfully 
crossing Highway 2, but that the highway 
also has affected movement patterns, 
because bears cross significantly less than 
under a random movement hypothesis. 
Crossings most often occur at night when 
traffic volumes are low. A threshold of 100 
vehicles per hour was hypothesized (Waller 
and Sevheen, 2005).  
 
Indicator: core security areas through road 
density evaluation   
Measuring road density is a surrogate for 
evaluating core security areas or roadless 

areas deemed important for the conservation 
of grizzly bears. Road density in the CCE is 
complicated by the variability of high quality 
habitat reflecting a wide range of female  
home range sizes throughout the CCE. 
Female home range size is often used as the 
moving window size in road density analysis. 
A review of road density approached in 
different regions of the CCE would assist in 
the development of protocols for developing 
road density as an indicator to monitor 
abundance of roadless areas in the CCE. 
 
 
 

THREATS TO  GRIZZLY BEARS 
 
 

 
 
 

 
Figure 2: grizzly bear stresses (ovals) and associated sources of stress (rectangles).  
 
Stresses 

Habitat avoidance 

Grizzly bears require large contiguous secure 
habitat to meet life requirements.  Grizzly 

bears, particularly females are sensitive to 
human activity, often responding by avoiding 
areas with high levels of activity. Typically 
habitat avoidance occurs near human 
settlements and roads.  Avoidance behaviour 

THREATS TO  GRIZZLY BEARS 
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may threaten the long term health of 
populations because it results in 
fragmentation of habitat, potentially causing 
genetic isolation between populations.   

Habitat loss 

Human settlement and linear features such 
as roads, trails, seismic lines and railways 
potentially remove habitat from grizzly 
bears. Often new linear features are a result 
of forestry and oil and gas activity.   

Human induced mortality 

A serious concern, particularly in Alberta and 
Montana regions of the Crown, is the current 
level of human caused mortality, resulting 
from a plethora of threats that are inter-
related. Roads and new road development 
into core security areas is the greatest 
perceived threat as it increases human 
access into remote areas.  
 
Sources of Stress 

Transportation systems 

Roads contribute to the stress of human 
induced mortality through direct and indirect 
means (Gyug et al. 2005).  Direct mortality 
includes collisions with vehicles on major 
highways, through hunting and poaching 
pressure and from management action due 
to human bear conflicts with habituated 
bears.  Road development is commonly 
associated with human settlements, forestry, 
oil and gas and mining activity resulting in 
increased access to core secure habitat. 
Hunting and poaching activity may 
contribute to higher mortality levels as a 
result of increased access.  Bear vehicle 
collisions are currently a concern for 
Highway 3 and 2. Additionally Highway 93 is 
being upgraded in the Mission and Flathead 
valleys, likely increasing the possibility of a 
bear vehicle collision. Movement across 
these highways is already compromised due 
to avoidance behaviour; therefore, direct 
mortality of an individual attempting to cross 
may be a significant loss to populations 
North and South of the highway.  Railway 
lines may also pose a threat to grizzly bears, 
whom often stop to feed on ungulates hit by 
trains increasing their changes of being hit 
by a train (Pers Comm. John Clarke 2004).  
 
Roads can also result in indirect mortality by 
displacing bears from quality habitat 
adjacent to roads. They may also displace 
bears from their home range resulting in 
conflict between bears as one moves into 
another’s home range.  

 

Forestry practices 

The greatest impact of forestry practices on 
Grizzly Bears is road development into areas 
previously not easily assessable to humans. 
The increased access contributes to 
increased human caused grizzly bear 
mortality. The greatest contributor to new 
road development in British Columbia is 
forestry where logging has replaced fire as 
the predominant agent of forest succession 
(Gyug et al 2005). This may have long term 
implications on grizzly bear feeding ecology. 
Forest practises are often not designed to 
enhance berry production, a food source 
bears are highly dependent on. Grizzly bears 
typically are extremely dependent on 
avalanche shoots, wet meadows, sub alpine 
meadows and marshes and swamps to 
provide foraging and security habitat. Clear 
cutting adjacent to these habitats may alter 
the quality to the detriment of grizzly bears 
(Gyug et al 2005).  
 

Oil and gas development 

 An issue along the Rocky Mountain Front in 
Alberta and Montana is the threat of oil and 
gas development, in particular the 
associated roads and seismic lines 
decreasing roadless areas and increasing 
human activity.  
 

Human settlement 

Human settlements tend to act as mortality 
sinks as grizzly bear are attracted to 
unnatural sources of food and run into 
conflicts with humans and their pets. 
Management actions for problem bears are 
often a result of improper storage of 
attractants. Human settlement also tends to 
occur along major roads and exacerbate the 
habitat fragmentation issue associated with 
roads. Grizzly bears require large core areas 
of habitat with limited human activity; 
human settlements tend to occur in areas of 
good bear habitat and reduce access to 
important seasonal feeding sources or 
restrict movement.  Additionally, a recent 
trend throughout the CCE is an increase in 
the development of rural residential 
subdivisions (acreage developments), 
occurring in semi-remote rural areas outside 
of existing town centres. These new 
developments increase habitat loss and 
further fragment the landscape.  
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Recreational Activity 

Off- highway vehicle use is common in valley 
bottoms along streams and rivers along 
Alberta’s Eastern Slopes. Road development 
for forestry and oil and gas activity increase 
access into remote areas for off-highway 
vehicles. Recreational activity can displace 
bears which are sensitive to human 
disturbance.  
 

Illegal harvest 

It is difficult to estimate the illegal harvest 
rate in the CCE but all jurisdictions noted a 
loss of individual grizzly bears from this 
issue. True illegal harvest rates are likely 
much higher than estimated.  
 

Source attractants 

Grizzly bears are attracted to garbage, 
agriculture feed, grain, beehives, fruit trees 

and livestock.  Grizzly bears accessing 
source attractants often become habituated 
increasing the potential for human bear 
conflict. Habituated “nuisance” bears are 
usually subjected to management actions 
such as translocations or removal from the 
population. Source attractants tend to occur 
in residential areas, such as Crowsnest Pass, 
Fernie, Whitefish, and settled areas in the 
Swan Valley. Another area of concern in the 
Rocky Mountain front of Montana and Alberta 
is grizzly bears conflict with ranchers due to 
cattle depredation and, grain storage and 
agricultural feed (Bergman 2003). The 
inappropriate storage of grain feed tend to 
specifically impact female grizzly bears 
causing concern for the long term population 
viability of the grizzly bear population 
(Bergman 2003).  

 
 
 

Wolverine (Gulo gulo) 
Wolverines range in low densities throughout 
the CCE.  They exhibit low ecological 
resilience due to low reproductive success 
and dependence on large areas with minimal 
human disturbance (Banci 1994).  
Wolverines select habitat based on prey 
availability and reduced levels of human 
activity with the exception of adult females 
who exhibit site fidelity to den sites. Den 
sites may be a limiting factor to successful 
reproduction in the CCE as they are limited 
to upper alpine basins (greater than 2500m) 
with a snow depth greater than 1 meter from 
January until May areas where human 
activity is limited. These requirements may 
limit reproductive success of wolverine to 
areas with limited human activity in the 
winter period, such as protected areas 
(Magoun and Copeland 1998). Wolverines 
are extremely susceptible to human induced 
mortality, mainly through legal trapping. 
Trapping harvest rates in Montana, Alberta 
and British Columbia exceed acceptable rates 
of human caused mortality for wolverine, 
suggesting trapping areas represent 
mortality sinks (McCullough 1996, Krebs and 
Lewis 2000). Wolverines are also threatened 
by habitat avoidance behavior in areas with 
high levels of human activity, such as 
snowmobiling trails, roads, human 
settlements and areas of oil and gas and 
forestry activity (LoFroth 2001). Research 

implies that wolverines are likely surviving 
because of core refugia such as protected 
areas where trapping is not permitted and 
human activity is low (Banci 1994, Krebs and 
Lewis 2000). However, the long term health 
of wolverine populations in the CCE is 
dependent on their ability to disperse long 
distances between refugia to the south, 
north and west of the CCE (Inman et al 
2004). Genetic studies confirm that gene 
flow is more limited in southern wolverine 
populations, such as the CCE, suggesting 
reduced landscape connectivity (Kyle and 
Strobeck 2001, Cegelski et al. 2003). 
Furthermore, Carrol et al. identified the 
Highway 3 corridor as a potential regional 
barrier to wolverine movement through the 
CCE (1999).   

STATUS 
In Alberta the wolverine is ranked as a “may 
be at risk” species (ASRD, 2005). The United 
States has not afforded the wolverine 
protection under the Endangered Species Act 
although it has been petitioned twice. In 
British Columbia the wolverine is blue listed 
(at risk, sensitive to human activities) (BC 
Conservation Data Center, 2006).  
 

ASSESSING WOLVERINE HEALTH 
 
Wolverines are difficult study animals due to 
their ellusive nature and occurrence at low 

ASSESSING WOLVERINE HEALTH 
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densities. Information on this species is 
limited making it difficult to develop 
indicators to monitor the health of wolverine 
in the CCE. A few researchers have modeled 
habitat suitability for wolverine at different 
scales. Carrol et al. 1999 modeled wolverine 
habitat at a Y2Y scale, including the CCE, 
particularly the transboundary flathead area, 
Castle Carbondale area, Waterton Lakes 
National Park and Glacier National Park. A 
habitat suitability model for the Alberta 
portion of the Crown, predicts areas where 
den sites are more likely to occur (Jokinen, 
2004). A research study in Glacier National 
Park, Montana has yielded some invaluable 
information on wolverine population 
densities and movements (Copeland and 
Yates 2005).  
 
Indicator: population size based on trend 
The population of wolverine within the CCE is 
unknown, but researchers suggest that the 
population may be declining in the Alberta 
and British Columbia portion of the CCE. 
 
Alberta: The number of wolverine in Alberta 
is unknown, but ASRD suggest that the 
population may be in decline based on 
reduced trapper harvest (Mowat, 2001).  
 
Montana: The number of wolverine in 
Montana is currently unknown. A study of 
wolverines in Glacier National Park (GNP) 
collared 19 wolverines from the eastern 
portion of the Park (Copeland and Yates 
2006).  They have estimated female home 
range size at 141 km2 and males at 496 km2. 
In the area to the south of Glacier, 
researchers estimated wolverine populations 
to be 15.4 individuals 1000 km2 (Hornocker 
and Hash 1981).  
 
British Columbia: The number of wolverine in 
British Columbia has been estimated at 
2089-3567 (COSEWIC 2003). Researchers 
suggest that the wolverine population in 
British Columbia is stable but may be 
declining in southeastern B.C. (COSEWIC 
2003). Krebs and Lewis’ wolverine research 
in southeastern B.C. (near Golden) 
estimated the population at 24-25 wolverines 
or 0.6 per 100 km2 (2000). 
 
Indicator:  human induced mortality 
The main cause of wolverine mortality by 
humans is legal harvesting from trapping 
(Banci 1994). Current research suggests 
trapper harvest rates currently exceed 
reproductive potential in the Crown further 

supporting the notion that the wolverine 
population is likely declining (Krebs and 
Lewis 2000). A report on wolverine mortality 
in North America concluded that sustained 
harvest of wolverines is likely maintained by 
wolverines dispersing from refugia where 
trapping in not occurring (Krebs et al. 2004). 
Wolverines are also directly killed on roads 
and railway lines (Krebs and Lewis 2000).  
 
Mortality records from harvesting data and 
road kills are not available for Alberta and 
British Columbia portions of the Crown.  In 
Montana, a current study in GNP of 19 
collared wolverines has recorded 5 
mortalities, 2 from trapper harvest, 2 from 
natural causes and 1 unknown (Copeland 
and Yates, 2006).   Additionally, a study by 
Hornocker and Hash in north-western 
Montana, directly south of GNP, documented 
15 of 19 known mortality to human 
influences (1981).  
 
Understanding density estimates, 
reproductive and mortality rates within the 
Crown is essential to developing 
conservation strategies to ensure viable 
populations of wolverines in the region.  
 
Indicator: road density as a surrogate for 
core security areas 
Wolverine are dependent on large areas of 
core refugia (where human access is limited) 
and corridors for dispersal movement 
between these patches. Modeling exercises 
suggest that wolverines tend to occur in 
areas where road density is lower. Road 
density is acting as a surrogate for human 
activity on the landscape. A landscape scale 
study for Y2Y found wolverines were 
susceptible to declines in areas where road 
density exceeded 1.7km/ km2 (Carrol et al, 
1999). A watershed analysis found 
wolverines were susceptible to decline when 
road densities were greater than 0.4km/ km2 
(Rowland et al. 2003). Monitoring road 
density (including trails) especially in areas 
deemed as core refugia in the CCE is 
important for assessing the long term health 
of wolverines in the region.  
 
Indicator: Habitat Suitability 
Disturbance of wolverine at natal den sites is 
a special concern because of increases in 
recreational activity and their extreme 
sensitivity to human disturbance.  Human 
activity can reduce female reproduction and 
kit survival (USFS Northern Forest Region 
2003). Wolverine natal den habitat was 
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found to be strongly associated with 
glaciated cirque basins. In Montana the USFS 
Northern Forest Region mapped native 
denning habitat using slope, elevation and 
slope concavity (2003) (Figure 3).  
 
In Alberta, wolverine habitat suitability was 
modeled as part of the Alberta Southern  

Headwaters at Risk project (Figure 4) 
(Jokinen 2004). 
 
 
 
 
 

 
Figure 3: Wolverine natal denning habitat in Montana. 
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Figure 4: Wolverine habitat suitability in Alberta. 
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threats to Wolverine 
 

 
Figure 5: Wolverine stresses (ovals) and associated sources of stress (rectangle) 
 
Stresses 

Habitat avoidance 

Wolverines are extremely susceptible to 
human activity, and movement patterns are 
likely influenced by human presence. 
Wolverines will avoid areas where humans 
recreate or there is oil and gas and forestry 
activity. Habitat avoidance may be 
particularly concerning for female 
reproductive success if denning areas are 
subjected to human activity. Female 
wolverines have been noted to move kits 
hours after detecting human presence in an 
area (Magoun and Copeland 1998).  
Avoidance behavior may lead to habitat 
fragmentation where populations become 
genetically isolated from one another as 
permanent human activities such as roads or 
settlements act as regional barriers to 
movement.    

Habitat fragmentation 

Habitat avoidance that restricts movement 
between high quality denning habitats or 
habitat may result in isolation of wolverine 
populations. Fragmenting habitat reduces 
potential for wolverine dispersal movements 
and recolinzation of areas where wolverine 
have been extirpated or greatly reduced.  

Human induced mortality 

Wolverines are susceptible to human induced 
mortality as they exhibit low ecological 
resilience. Human induced mortality is 
predominately caused by legal harvest from 
trappers and from collisions along major 
road corridors and railway lines.  
 
Sources of Stress 

Transportation network 

Similar to the grizzly bear, the wolverine is 
susceptible to roads due to increased human 
access into remote areas. Roads associated 
with oil and gas and forestry activity can 
increase human access and therefore the 
morality rate caused by humans. Roads also 
may result in direct mortality from collisions 
with vehicles. Additionally, roads may act as 
barriers to movement due to habitat 
avoidance behavior leading to genetic 
isolation. Carrol et al. (2002) regard the 
Highway 3 corridor as a strong filter to 
wolverine movement through the CCE 
region. This has large-scale implications for 
populations south of the border, limiting the 
connectivity of US populations to the strong 
northern Canadian populations.  
 

THREATS TO WOLVERINE 
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Forestry Practices 

Forestry practices affect wolverine because 
they increase human access into remote 
areas, resulting in both habitat avoidance 
behaviour and increasing the potential for 
human induced mortality to occur. 
Additionally, wolverines tend to avoid clear 
cuts and prefer old growth mature stands 
(Hornocker and Hash 1981).   
 

Oil and Gas Activity 

Oil and Gas activity may impact wolverines 
by increasing human access into areas that 
may otherwise have been remote. 
  

Human Settlement 

Modeling by Carrol et al. (2002) suggests 
that wolverines avoid areas where human 
settlement occurs.  
 

Recreational Activity 

Snowmobile activity has been identified as a 
concern when it occurs near denning sites, 
as female wolverines are the most 
susceptible at this time (Copeland 1996, 

Hornocker and Hash 1981). Snowmobile 
traffic may impact visits to dens and 
therefore reproductive success; a study in 
Lolo National Forest found only one active 
den in a basin that was not inaccessible to 
snowmobiles (Craighead 2002). Krebs and 
Lewis (1999) suggest that off road vehicle 
use and increased backcountry activity may 
impact the reproductive success of wolverine 
populations by displacing individuals from 
the area.  
 

Legal harvest 

The main cause of human induced mortality 
of wolverines is hunting and trapping 
throughout the CCE (Banci 1994, Hornocker 
and Hash 1981, Krebs et al. 2004). Research 
in southeastern British Columbia suggested 
that the mortality rate form legal harvest 
exceeded that of the birth rate, suggesting 
that population may be declining (Krebs and 
Lewis 2000). The impact of trapping on 
viable wolverine populations in the CCE is 
poorly understood due to a paucity of 
monitoring data and population estimates for 
the region.  

 
 
 

Lynx (Lynx Canadensis) 
 
The Canadian lynx is a specialist predator of 
snowshoe hare and is ideally adapted to the 
boreal forest ecosystem in central and 
northern Canada where their densities 
coincide with the cyclical nature of snow 
shoe hare populations.  Lynx ecology in the 
southern portion of their range, where snow 
shoe hare densities are low, mimics lynx 
ecology in the north during periods of low 
hare density (Apps 1999). In the CCE, lynx 
occur in peninsular extensions of habitat 
from central Canada or in disconnected 
islands of habitat (McKelvey 1999). Lynx are 
typically found in cool, moist coniferous 
forests and habitat conditions that maximize 
the prey base, predominantly snowshoe hare 
and red squirrel. Lynx typically associate 
with coniferous stands of subapline fir, 
engleman spruce, Douglas-fir, grand fir, 
western red cedar and lodegpole pine 
(Aubury et al. 1999). Additionally they 
require mature coniferous stands for denning 
or early successional stages where coarse 
woody debris is common. Researchers 
predict that lynx in this portion of their 

range (CCE) exhibit a source sink meta-
population model (McKelvey 1999). 
Additionally they exhibit low ecological 
resilience to human disturbance due to their 
specialized nature, low reproductive 
potential and reliance on distinct habitat 
patches. Since lynx populations exist close to 
the threshold of populations at equilibrium 
(birth rate equals death rates) the lynx likely 
occur in a shifting mosaic of source and sink 
areas on the landscape (McKelvey 1999). 
Therefore it appears that connectivity 
between habitat patches is important for 
maintaining lynx populations in the CCE. 
Threats to lynx include legal harvest from 
trapping and hunting, forest management 
practices that remove essential snowshoe 
hare habitat, competition from predators 
dependent on the same prey base and 
increased levels of human activity increasing 
access into lynx habitat.  

STATUS 
The lynx is listed as sensitive in Alberta, 
yellow listed (secure) in British Columbia and 
vulnerable in Montana (ASRD 2005, BC 
Conservation Data Center 2006, NatureServe 
2006). In 2000 the lynx was listed as 
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threatened under the US Endangered Species 
Act.  

ASSESSING LYNX HEALTH 
The uncertainty of lynx ecology in the 
southern portion of its range and the 
complex interactions of cyclical populations 
and the suspected metapopulation structure 
complicate the assessment of lynx health in 
the CCE.  
 
Indicator: Population size 
Density is not a good measure to determine 
source and sink areas as sinks may contain 
high population densities, therefore 
population sizes are important when 
considering the conservation of lynx. 
Unfortunately we currently know very little 
about the number of lynx in the CCE 
(McKevely 1999).   
 
Research by Apps et al., suggests that lynx 
populations in the CCE occur at a low density 
and are patchy in distribution (2004). A 
study by Poole (2000) noted lynx populations 

to be stable but declining in southern BC. 
Hash (1990) noted lynx populations slowly 
declining in Montana since restriction of the 
harvest in 1980. Unpublished estimates from 
Predator Alliance estimate there are 
approximately 400-600 lynx in Montana- 
including the CCE and Cabinet Purcells 
Mountain Corridor (Predator Conservation 
Alliance 2001).   
 
Indicator: Core habitat 
In Montana the USFS Northern Forest District 
(2003) has evaluated potential lynx habitat 
based on forest stand age and structure, the 
results are displayed in figure 6 and 7. 
 
Indicator: Road density 
A threshold for road density for lynx habitat 
has not been determined; however 
preliminary recommendations include Road 
densities less than 1 mile per square mile is 
a low risk (USFWS 2003).  
 
 

 
Figure 6: Lynx foraging habitat per watershed in Montana 

ASSESSING LYNX HEALTH 
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Figure 7: Lynx habitat in forest portion of the CCE in Montana  

 
 
 

 
 



2 0 0 7  Y 2 Y  C R O W N  O F  T H E  C O N T I N E N T  R E P O R T  

 
16 

2 0 0 7  Y 2 Y  C R O W N  O F  T H E  C O N T I N E N T  R E P O R T

THREATS TO LYNX HABITAT 

 
 
Figure 8: Lynx stresses (oval) and associated sources of stress (rectangle) 
 
Stresses  

Human caused mortality 

The impact of human caused mortality on 
lynx populations is poorly understood. Direct 
mortality is generally a result of legal 
harvest through trapping and hunting but 
may also occur as a result of collisions with 
vehicles on highways. Additionally, increased 
human access into remote areas from 
forestry activity, oil and gas activity and 
human settlement may also result in an 
increase in mortality.  
 

Habitat Loss 

Lynx are dependent on snowshoe hares and 
red squirrels as prey sources and therefore 
select habitat associated with high densities 
of these species.  Red squirrels are a 
secondary prey source for lynx when hare 
populations exist in low densities and are 
therefore likely an important food source in 
the CCE. In the southern part of their range 
maintaining a mosaic of forest successional 
stages is important to support both lynx and 

their prey base. Natural forest succession 
has traditionally been influenced by wildfire 
and insect infestations. Additionally, lynx 
denning habitat is associated with mature 
forest stands with downed logs or early 
succesional stages with a high presence of 
coarse woody debris (Ruediger et al. 2000). 
Activities that reduce stand diversity and 
structure such as fire suppression and 
forestry management practices are likely to 
reduce lynx habitat. 
 

Habitat fragmentation 

Barriers to movement reduce the potential 
for recolonization of lynx into areas where 
they have been extirpated but ideal habitat 
conditions still exist.  Additionally, barriers 
may result in small isolated populations, 
increasing the effects of natural stochastic 
events, human-caused threats and the 
effects of genetic bottlenecks. Human 
activities that contribute to the barrier effect 
include roads and human settlement. 

THREATS TO LYNX HEALTH 
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Alteration of fire regime 

Lynx rely on a forest structure that supports 
high densities of the prey base and provides 
denning habitat. Traditionally wildfires 
contributed to a diverse mosaic of stand 
structure that produce the habitat 
characteristics required by Lynx.  

Competition 

Lynx are adapted to a climate where winter 
conditions limit competitive prey species 
from accessing prey species. In the CCE, 
coyotes and bobcats are likely competitors 
that may compete directly with the available 
prey base (Buskirk et al, 2000b). Human 
activities that compact snow increase access 
for coyotes and bobcats to compete for the 
same prey base as lynx.  
 
Sources of Stress 

Legal harvest 

Lynx are vulnerable to trapping and hunting 
which represent the primary source of their 
human-caused mortality in the CCE. 
Trapping still occurs in Alberta and British 
Columbia but has been prohibited in Montana 
since the 1999-2000 season (Rudiger et al. 
2000). In Montana, incidental trapping of 
lynx may occur where habitat overlaps with 
regulated trapping for other species. 
Additionally, populations in Montana may be 
affected by legal trapping in Alberta and 
British Columbia if dispersing individuals are 
impacted.   
 
Forestry practices  

Timber harvest, road construction and post 
harvest treatment may affect the spatial 
arrangement of lynx denning and foraging 
habitat. Lynx would benefit from practices 
that support healthy populations of prey 
species and provide denning habitat such as 
retaining dead trees and coarse woody 
debris (Ruediger et al. 2000).  
 
Roads 

Roads influence all the sources of stress, 
increasing mortality due to legal harvest 
through increased access into remote areas, 
increased competition from predators on 
prey base, a loss of habitat and on highways 
with a high traffic volume lynx are 
susceptible to collisions with vehicles or 
avoidance behaviour resulting in habitat 
fragmentation (Apps 2000, Koehler and 
Aubry 1994). Highways that may be a 

concern from a movement perspective in 
Montana include, I-90, I-15, Highway 93 and 
Highway 2 (Squires and Laurion 2000). In 
Alberta and British Columbia Highway 3 has 
been identified as a concern (Apps 2000).  
 
Recreational Activity 

There is a theory that snow compaction due 
to human activity, such as snowmobiling, 
may enhance opportunities for competitors 
(coyotes and bobcats) to access prey species 
in areas with deep snow. Deep snow tends to 
favour lynx giving them a competitive 
advantage over coyotes and bobcats 
(Koehler and Aubry 1994).    
 

Grazing 

In forest habitat domestic livestock grazing 
of forbs and woody plants may have a 
negative impact on snowshoe hare 
populations by reducing the forage and 
cover. This indirectly results in habitat loss 
to lynx by reducing prey species. In the CCE, 
grazing is a concern on the eastern side of 
the Continental Divide (Ruediger et al. 
2000).  
 
Oil and Gas development 

Road construction associated with oil and 
gas development results in increased access 
for trappers, snowmobiles and predators 
competing for the same prey base (Brand 
and Keith 1979).    
 
Climate change 

Climate change may result in changes to the 
boreal forest habitat that lynx are dependent 
on, likely reducing lynx habitat even further. 
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Pileated Woodpecker (Dryocopus 
pileatus) 
The pileated woodpecker ranges throughout 
the CCE, but is more common west of the 
continental divide, due to the amount of 
dense older forests (Bull and Jackson 1995). 
Pileated woodpeckers are cavity nesters, 
providing cavities for over 18 secondary 
cavity users including other birds (owls, 
ducks and woodpeckers), bats, small 
mammals and insects (Bonar 2000). The 
woodpecker is regarded as a keystone 
habitat modifier because of the cavities it 
provides to secondary cavity users (Aubry 
and Raley 2002). Pileated woodpeckers are 
dependent on specific forest structure to 
provide nesting cavities, roost sites, 
protection from predators and foraging 
opportunities.  They require large areas of 
deciduous or coniferous forests that support 
mature trees, snags and decaying wood in a 
humid environment which promot heart-rot 
fungal decay and the ant colonies they feed 
on (Bonar, 1999, Bull and Jackson, 1995). In 
Montana, key tree species for building 
cavities included black cottonwood western 
larch and ponderosa pine (McClellan 1979). 
Cavity trees are realtively rare and 
replacement rates are low due to current 
forestry practices (Bonar 2000). Dispersal to 
new areas is most likely to occur in mature 
forest stands along river and stream banks, 
which are humid environments and provide a 
dendrite corridor. The greatest threat to the 
pileated woodpecker is habitat loss from 
forestry practices that limit mature forest 
stands, limiting nesting oppotunties and 
removing snags and downed logs that 
support carpenter ants, their primary 
foraging source in the winter. Fire 
suppression has altered the natural forest 
stand succession process and potentially 
reduced the forest structure components 

that woodpeckers depend on (McClelland 
1979).  

STATUS 
In Alberta the pileated woodpecker is 
considered sensitive (ASRD 2001). They are 
yellow listed (secure and not a risk of 
extinction) in British Columbia (BC 
Conservation Data Center, 2006) and rated 
as S4 (uncommon but not rare) in Montana 
(NatureServe, 2006). 
 

ASSESSING WOODPECKER HEALTH 
 
The North American Breeding Bird Surveys 
results suggest the pileated woodpecker has 
been steadily increasing in North America 
since the 1960’s (Price et al. 1995).  
Populations may fluctuate depending on the 
availability of appropriate forest structure.   
 
Indicator: Population estimate 
There are no formal monitoring projects in 
the CCE to establish population estimates for 
pileated woodpeckers. The backyard bird 
count and Christmas bird counts provide 
annual observation counts at key points, 
some occurring in or near the CCE.  
 
Indicator: Habitat Availability 
There are Habitat Suitability Models for 
Alberta and Montana portions of the CCE 
(figure 9 and 10).  The Alberta model 
incorporates mature coniferous or deciduous 
forest stands (trees greater than 30 cm 
dbh), dead and live trees greater than 16 
dbh, crown closure greater than 10% and 
within 3500m of feeding habitat (Blouin 
2004).   
 
 
 

ASSESSING WOODPECKER HEALTH 
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Figure 9: Alberta Habitat Suitability Index for pileated woodpecker. 
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Figure 10: Montana Habitat Suitability Index. USFS Northern Region, National Fire Plan Cohesive Strategy 
Team, Kalispell, Montana (2001).  
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THREATS TO WOODPECKER 
 
The limiting factors associated with healthy 
pileated woodpecker populations are 
availability of mature forest stands for 
nesting and availability of food (primarily 
carpenter ants) in the winter (McClellan 
1979).  
 
Stresses 

Habitat loss  

Pileated woodpeckers are most susceptible to 
loss of mature forest stands (in particular 
western larch, ponderosa pine, cottonwood 
and aspen) on which they depend for 
nesting, roosting and to some extent for 
foraging. Habitat loss is associated with 
current forest practices such as removal of 
mature stands, limiting succession of mature 
stands through short logging rotations, or 
removal of logging residue and downed wood 
(Jackson et al. 1995). Additionally, 
monoculture and short term rotation has 
reduced the amount of decaying stumps and 
logs eliminating opportunities for carpenter 
ant nests, the primary food species for 
woodpeckers in winter (Klotz et al, 1999). 
Research by McClelland in Flathead National 
Forest found that Pileated woodpeckers fed 
in recently logged area if downed trees and 
snags were left behind (1979).  
 
Reducing either nesting or foraging 
opportunities may result in fragmented 
forest patches, eliminating an area from use 
or greatly increasing the size of area 
required to meet life requirements (Jackson 
et al. 1995).  

Alteration of natural fire regime 

Traditionally fire played a critical role on the 
landscape by creating a mosaic of burned 
and unburned habitats and a mosaic of 
forest stands in various seral stages. 
Pileated woodpecker health has been tied to 
forest structure which has been significantly 
influenced by fire (McClellan, 1979).  
 
Sources of Stress 

Forestry practices  

Current forestry practices, such as removal 
of mature forest stands and short rotation 
periods reduce the availability of nesting 
sites for pileated woodpecker and for 
secondary cavity users that use pileated 
woodpecker cavities as nesting or roosting 
habitat. Forestry practices such as removal 

of logging residue and downed logs have 
decreased habitat potential for species that 
woodpeckers feed on such as carpenter ants. 
Woodpeckers require access to dense forest 
stands with mature trees and foraging 
opportunities within 3500m (Blouin 2004).  

Fire Suppression  

Fire suppression may have altered natural 
succession rates of forests and increased the 
risk of a fire destroying or degrading pileated 
woodpecker habitat.  

THREATS TO WOODPECKER 
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Whitebark Pine (Pinus albicaulis) 
Whitebark pine is a keystone species of 
subalpine forests, playing an important role 
in promoting biodiversity and ecosystem 
services in the CCE.  It is considered 
ecologically important as a food source, and 
for watershed protection and ecological 
succession (Tomback et al. 2001). The pine 
seeds are extremely high in protein and are 
an important food source for Clark’s 
nutcracker (Nucifraga Columbiana),  grizzly 
bear (Ursus arctos),  black bear 
(U.americanus), and red squirrels 
(Tamiasciurus hudsonicus) (the latter is an 
important food source for lynx in the Crown). 
Additionally it plays an important role in 
“watershed protection by accumulating and 
retaining snow, thus extending the snow 
melt period and aiding in soil stability” 
(Smith 2004).  Whitebark pine is an early 
succession species growing on exposed dry 
sites creating microclimatic conditions for 
other species to colonize (Wilson and Stuart-
Smith 2002). It is an extremely slow growing 
species, not producing cones until they are 
30-50 years old and are completely 
dependant on the Clark’s nutcracker for seed 
dispersal, who cache groups of seeds in 
openings for food in winter, forgotten caches 
regenerating into new pine stands. Y2Y 
funded research indicates that not only is the 
connectivity of these high elevation forests 
under threat but the persistence of 
whitebark pine on the landscape is in doubt 
(Smith 2004). Ironically, this high elevation 
ecosystem predominately occurs in protected 
areas or public forest lands but is under 
threat from two anthropogenic threats, an 
introduced disease and fire suppression. The 
species has been declining throughout its 
range for decades due to its susceptibility to 
white pine blister rust (Cronartium ribicola) 
and the exacerbated effects of fire 
suppression, global warming and insect 
infestation (Tomback and Achuff 2006). 
Current research indicates a gradient of 
blister rust infection increasing west to east 
throughout its range with a hotspot in the 
transboundary region of Glacier National 
Park and Waterton Lakes National Park in the 
CCE (Kendall et al. 1996, Zeglen 2002,Smith 
2004). A number of programs have been 
developed to address the threats on 
whitebark pine and restore lost stands. 
Typically restoration strategies include two 
approaches: implementing prescribed burns 
(mainly in National Parks, including Waterton 

and Glacier); and seed collection and 
outplanting of genetically resistant progeny 
(Wilson and Stuart-Smith 2002).  

STATUS 
Whitebark pine is listed as a may be at risk 
species in Alberta (Alberta Sustainable 
Resource Development 2005). It is listed as 
a yellow (secure) in British Columbia and 
Montana (BC Conservation Data Centre 
2006, NatureServe 2006).  

ASSESSING WHITEBARK PINE HEALTH  
 
 
Whitebark pine continues to decline 
throughout its range due to increased 
mortality mainly from white pine blister rust. 
Numerous studies in Montana and British 
Columbia have documented the decline of 
white bark pine in the CCE (Kendall and 
Keane 2001, Zeglen 2002).  The most recent 
study in the CCE was undertaken by the 
Whitebark Pine Ecosystem Foundation and 
used similar methods and plots to Kendall’s 
early work in Glacier National Park and 
Waterton Lakes National Park. The 
monitoring extended into the southern 
Canadian Rockies, as far as McBride BC 
(Smith 2004). Researcher recommended the 
plots re-sampled in five to seven years to 
assess the trend in mortality and incidence 
of infection (Smith 2004). 
 
Indicator: Tree mortality 
A recent study by Smith for the Whitebark 
Pine Ecosystem Foundation studied the 
incidence of infection and mortality of 
whitebark pine due to blister rust to 
determine the health status of whitebark 
pine in the CCE and central Canadian 
Rockies.  Of the 110 plots monitored in 
2003, Glacier National Park exhibited on 
average 47.0% tree mortality per plot. 
Waterton Lakes National Park exhibited 
60.3% tree mortality per plot and plots in 
the Canadian Rockies exhibited 17.7 % tree 
mortality per plot. The Canadian Rockies 
plots occurred on the east and west of the 
continental divide as far north as McBride 
British Columbia, with approximately half of 
the plots occurring in the CCE (Smith, 2004). 
Earlier studies in the Bob Marshall 
Wilderness found a 30% decline per decade, 
highlighting that a decline in white bark pine 
stands is occurring throughout the CCE 
(Keane and Arno 1993) 
 

ASSESSING WHITEBARK PINE HEALTH  



2 0 0 7  Y 2 Y  C R O W N  O F  T H E  C O N T I N E N T  R E P O R T  

 
23 

2 0 0 7  Y 2 Y  C R O W N  O F  T H E  C O N T I N E N T  R E P O R T

Indicator: Incident of infection 
The study by Smith (2004) also explored the 
rate of infection of blister rust to determine 
the population trend of whitebark pine in the 
CCE. Smith identified a north south gradient 
of infection, with GNP and WLNP showing the 
highest levels of infection. Of the 110 plots 
surveyed in 2003, Glacier exhibited an 
average live tree infection level of 57%, 
Waterton exhibited an average live tree 
infection level of 65% and the Canadian 

Rockies exhibited an average live tree 
infection level of 29.8% (Smith, 2004).  
 
Indicator: Natural fire regime 
Historically, subalpine forests burned every 
90-400 years in the Canadian Rockies 
(Wilson and Stuart-Smith 2002).  Tracking 
fire history in the CCE and the number of 
prescribed burns will assist researchers in 
understanding white bark pine health and 
response to management strategies to 
promote white bark pine forests.  

THREATS TO WHITEBARK PINE 
 

Figure 11: Whitebark pine stresses (oval) and associated sources of stress (rectangle) 
 
Stresses  

White bark pine mortality 

White bark pine is declining in the CCE due 
to increasing mortality caused by the 
introduction of white pine blister rust and 
insect infestations.   

Competitive Replacement 

Changes in ecological processes such as the 
natural fire regime have resulted in 
competitive replacement of white bark pine 
by shade-tolerant conifer species, such as 
Engelmann spruce and subalpine fir (Smith 
2004), and a reduction in openings for 
Clark’s nutcrackers to cache seeds. Under a 
natural fire regime, whitebark pine would 
have a competitive advantage over spruce 
and fir because it is more resistant to fire.  
  

Sources of Stress 

Climate Change  

Mattson and Reinhart (1994) have predicted 
that global warming will force whitebark pine 
out of much of its southerly range due to 
temperature increases and changes in 
precipitation patterns. The slow growing 
nature of whitebark pine limits its ability to 
respond to climate change and increased 
opportunities for shade tolerant species to 
outcompete them (Koteen 2002). 
Additionally, global warming may be the 
reason winter temperatures have not 
occurred below the threshold to reduce 
mountain pine beetle infestations (Lee, 
2003).  
 

Fire Suppression 

Past Forest management practices favouring 
complete fire suppression have exacerbated 
the decline of whitebark pine. Fire 
suppression tends to result in a reduction in 

THREATS TO WHITEBARK PINE 
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open areas where nutcrackers store seeds, a 
necessary step of whitebark pine 
regeneration. Additionally, fire suppression 
has resulted in a large number of even-age 
stands increasing susceptibility to insect 
infestations such as mountain pine beetle.  
Fire suppression tends to promote 
competitive replacement of favour fir and 
spruce trees because they are not as 
resistant to fire as whitebark pine (Cox, 
2000).  
 

White Pine Blister Rust 

An introduced fungus from Asia, blister rust 
has had a negative effect on pine stands, 

increasing mortality rate. Even if natural 
processes were restored through fire 
management, it is unlikely that the 
whitebark pine will be able to respond due to 
its slow growing nature. The most likely 
strategy for addressing blister rust is to 
identify genetically resistant strains and 
replant in key areas.   

Insect infestation  

Mountain pine beetle infestations are a 
natural disturbance process with important 
ecological functions, but fire suppression 
coupled with climate change has increased 
the spatial impact of these infestations, 
particularly in south- western Montana.  

 
 

Bull trout (Salvelinus confluentus) 
Bull trout are cold water specialists occurring 
in the headwaters of the four major river 
drainage basins in the CCE (Saskatchewan, 
Missouri, Kootenay and Upper Columbia).  
For native bull trout populations it is 
important to maintain natural separation 
between basins while retaining connectivity 
within basins. Bull trout typically exhibit 
three different life history strategies; 1) 
resident populations; and migratory 
populations, being either 2) fluvial (spawning 
in tributaries but living in the main stream of 
rivers) or 3) adfluvial (spawning in tributary 
streams but residing in lakes or reservoirs).  
The length of movement of bull trout for 
spawning, feeding and over wintering 
depends on their chosen life history strategy. 
Conserving all life history strategies is 
important to the long term persistence of 
viable bull trout populations (Post and 
Johnston 2002). Bull trout are dependent on 
low water temperatures and habitat 
structure along rivers and streams. Their 
distribution and abundance depends on the 
availability of cover, substrate, water 
temperature, presence of migration corridors 
(ensuring connectivity within a basin) and 
channel and hydraulic stability (McIntyre 
1993). Many of these factors are influenced 
by upland forest health and more directly by 
activity within riparian forests.  In general 
mature forests provide bull tout with the 
necessary habitat features by producing 
large quantities of woody debris, more 
sediment for trapping and storage and more 
nutrient cycling (Post and Johnston 2002).  
Alterations to their natural migration routes 
through degraded habitat or physical 
obstructions may threaten metapopulation 

structure by decreasing connectivity within 
river basins and increasing bull trout 
susceptibility to local extirpation and 
preventing recolonization. Other major 
factors contributing to the decline of bull 
trout include dewatering, degraded stream 
habitat, competition with introduced species 
and angling pressure.  

STATUS 
In British Columbia bull trout are blue listed 
(vulnerable) (BC Conservation Data Center 
2006). In the United States, the Montana 
populations of bull trout are listed as 
threatened under the United States 
Endangered Species Act (NatureServe 2006). 
In Alberta bull trout are listed as sensitive 
(Alberta Sustainable Resource Development 
2005).  

ASSESSING BULL TROUT HEALTH 
 
Within the CCE bull trout populations appear 
to be stable or declining, with the exception 
of the Swan Lake population. 
 
Indicator: Population size and distribution 
Alberta 
In Alberta Bull trout have been in decline 
since the 1900’s. Research in the Castle area 
of southwestern Alberta indicates a loss of 
fluvial bull trout with only resident 
population remaining. After 1995, when the 
bull trout harvest was restricted in Alberta, 
some streams (Lynx Creek and the North 
Fork of the Belly River) registered a slight 
increase in bull trout numbers. However the 
overall the abundance of Alberta bull trout is 
poorly understood (Post and Johnston 2002). 
Bull trout distribution for the Livingston 
range is displayed in Figure 12. 

ASSESSING BULL TROUT HEALTH 
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Figure 12: Alberta bull trout distribution in the Livingston range of Alberta.  

 
  
 
British Columbia 
The watersheds in southeastern British 
Columbia support healthy populations of bull 
trout (BC MWLAP 2002).   
 
Montana 
The CCE in Montana is represented by two 
bull trout recovery units, the Clark Fork and 
St. Mary Belly River. In Montana the 
Flathead Recovery sub-unit (representing the 
CCE) supports 29 subpopulations of bull 
trout, most of which are in decline including 
the Flathead Lake population. The Hungry 
Horse Reservoir population is considered 
stable and as mentioned the Swan Lake 
population is increasing. The Swan River 
drainage bull trout population is one of the 
strongest migratory bull trout populations 

remaining in Montana. The status of bull 
trout per 6th order watershed is displayed in 
figure 13.  The St. Mary’s Belly River 
Recovery Unit in Montana supports the only 
bull trout populations east of the continental 
divide. In the CCE there are approximately 9 
populations of bull trout occurring in two 
primary core areas (containing migratory 
bull trout populations) and three secondary 
core areas. Secondary core areas, Cracker 
Lake, Lee River and Slide Lake, include 
populations that are naturally isolated.  All 
populations in this recovery unit are 
considered depressed (fewer than 500 
spawning adults or 5000 individuals) and at 
risk of stochastic events. 
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Figure 13: Bull Trout status per watershed, data proved by the Northern Region National Fire Plan, Cohesive 
Strategy Plan, 2003. (The study does not address St. Mary Recovery Unit (East of the Continental Divide of 
Glacier National Park (displayed in light green).   
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Indicator: Spawning Adults and Redd Counts 
Rieman and Allendorf (2001) suggested that 
a long-term viable bull trout population 
should exceed 1000 adult spawners each 
year (population are defined using 
reproductive isolation as the critieria).  The 
USFWS recovery plan designates bull trout 
populations as depressed or at risk when 
there are fewer than 500 spawning adults. 
Populations in Alberta, Belly River and most 
of the Flathead Recovery Sub-unit in 
Montana are limited in size, due to natural 
and human related barriers within their 
drainage basins.  
 
Redd Counts (bull trout spawning sites or 
nests) are a non-invasive method for 
monitoring the size of bull trout populations 
(Dunham et al. 2001). Redd counts have 
occurred sporadically through-out the CCE.  
 
British Columbia 
In British Columbia, information pertaining 
to abundance of bull trout populations and 
monitoring of redd sites has been identified 
as an information gap.     
 
Alberta 
In Alberta Redd counts have taken place in 
North Lost Creek, Lost Creek, Mill Creek and 
Crowsnest River. Redd Counts in Mill Creek 
appear to be the most important spawning 
tributary for migratory bull trout in the Old 
Man River Drainage (Gerrard and Watmough 
1999).  
 
Montana 
In Montana Redd counts in 2006 recorded 
higher numbers than 2005 in Flathead, Swan 
and Hungry Horse Reservoir. The Flathead 
increased 53 percent (most occurring in the 
North Fork), Swan 21 percent and the South 

Fork of the Flathead exhibited record levels 
(Montana Fish and Wildlife and Parks, 2006).  
 
In the St. Mary’s River bull trout Redds were 
found in Kennedy (Redd count 12 in 2001) 
and Boulder Creeks (Redd count 28 in 2001) 
within Glacier National Park (USFWS 2002b). 
The Belly River Redd counts increased from 
27 to 119 over a three year period (1995-
1997) Recent Redd count numbers could not 
be located although there is indication that 
monitoring of these Redd sights was going to 
continue (USFWS 2002b).  
 
Indicator: Habitat Quality  
Habitat quality for bull trout can be 
measured in many ways as they are 
dependent on many habitat features such as 
temperature and cover. However a study by 
Baxter et al. (1999) demonstrated a  
statistical relationship between road density 
and bull trout population trends. Road 
Density is an easy measurement to track and 
monitor as a surrogate for bull trout 
population trends.  The US Government has 
recognized a general exclusion of bull trout 
in watersheds that exceed 1.7 mi/mi2 of 
roads (Hitt and Frissell, 2000). In British 
Columbia a high road density was classified 
as more than 150m of road length/km2 (BC 
MWLAP 2002).  
 
In Montana bull trout critical habitat has 
been designated and is legal protected under 
the US Endangered Species Act. There are 
two recovery subunits occurring in the CCE, 
the Flathead Recovery sub-unit (part of the 
Clark Fork River Recovery Unit) and Belly 
recovery sub unit (part of the Belly-St. Mary 
River Recovery Unit). Figure 14 displays 
critical habitat for these recovery units.  
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Figure 14: Bull trout critical habitat provide by the U.S. Fish and Wildlife Service, Pacific Region, 2005.  
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THREATS TO BULL TROUT 

 
Figure 15: Bull trout stresses (oval) and associated sources of stress (rectangle) 
 
Stresses 

Human caused mortality 

Direct mortality as a result of human 
activities may have a significant influence on 
the health of bull trout populations.  
Research indicates that angling pressure 
through by-catch, misidentification and 
poaching may have a significant impact on 
local populations (USFWS 2002a, USFWS 
200b). 
 

Habitat degradation 

Bull trout are extremely sensitive to reduced 
habitat quality, relying on cold water 
temperatures, cover, channel and hydraulic 
stability and access to migration corridors. 
Activities that tamper with natural 
waterways by altering stream habitat 
structure will have a negative impact on bull 
trout populations. 
  

Habitat fragmentation 

Habitat fragmentation is a concern for bull 
trout within major drainage basins because it 
disrupts migration patterns. Connectivity 
within a basin ensures genetic exchange 
among populations and enables 
recolonization of streams following 
catastrophic events. Barriers to movement 
include physical structures and areas of 

degraded habitat. Genetic studies indicate 
that some populations have been separated 
for a long time due to natural habitat 
obstructions, such as warm water 
temperatures.  For example in the South 
Saskatchewan drainage populations in the 
Belly, Waterton and Castle Rivers were found 
to be distinct genetically, likely due to 
natural barriers (Thompson et al. 2001).  
 

Non-native species 

Bull trout are threatened by a number of 
non-native species that were introduced by 
government stocking programs or illegal 
stocking by citizens throughout the CCE. 
Non-native species, Brook Trout and Lake 
Trout prey on juvenile bull trout and 
compete for spawning habitat reducing the 
bull trout potential.   
 
Sources of Stress 

Transportation networks 

Roads and railways may threaten bull trout 
habitat through increased sedimentation and 
possible spillage during transport.  
 
In Montana State Secondary Road 486 
parallels the North Fork of the Flathead into 
British Columbia and dust may impact water 
quality. There is some controversy in paving 
this road, as this may increase access.  

THREATS TO BULL TROUT 
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Highway 83 that runs along the Swan River 
resulted in an increase in sedimentation 
during development. This highway may 
become a concern in the future due to 
increased traffic volume and improvement 
projects. Insufficient funds to maintain the 
existing road systems (associated with 
forestry, oil and gas) are further degrading 
bull trout habitat (USFWS 2002a). 
 
In the Flathead Recovery sub unit a railway 
line has the potential to impact bull trout 
habitat, most notably on Bear Creek, a 
tributary of Middle Fork of the Flathead 
which has experienced contamination 
through train derailments.  
 

Forestry practices 

Over the past 100 years forestry activity has 
played a major role in the CCE.  Forestry 
practises such as road development, riparian 
tree harvest; clear-cutting and log skidding 
near streams alter peak flows, storm 
volumes, sediment volumes and level of 
recreational access to streams.  These 
activities have resulted in degraded 
spawning and rearing habitat and a reduction 
in the health of bull trout (USFWS 2002a).  
 
In the Swan River, harvesting of riparian 
vegetation along streams and rivers has 
impacted steam channel and streambank 
cover and stability. Additionally roadless 
areas in the Swan River system tend to 
disproportionally represent important bull 
trout habitat (Frissel et al. 1995). 
Additionally road systems from forestry 
activity around the Hungry Horse Dam tend 
to occur in riparian areas, potentially 
degrading bull tout habitat (MBTSG 1995b). 
 
In Alberta and British Columbia forestry 
activity is the main activity on public lands 
and therefore may be degrading habitat for 
bull trout.  
 

Oil and Gas development 

Oil and gas development, including seismic 
activity and well pad and road construction, 
may increase sediment loads and human 
access into remote areas. Both activities 
threaten the health of local bull trout 
populations.  
 

Human Settlement 

Growth and development in the CCE have 
the potential to greatly degrade habitat for 

bull trout.  The CCE holds many of the 
attributes that people seek in choosing a 
location to live in. Therefore, the potential 
influx of people and their accompanying 
impacts on the environment may posses the 
biggest threat to the future of bull trout 
populations.  
  
In the 1990’s Flathead County experienced a 
26% increase in human population. The 
increasing human population has lead to 
eutrophication of Flathead Lake, although 
water quality seems to have levelled due to 
conservation efforts. Additionally there is 
some residential development, built on the 
flood plains of the North and Middle Forks of 
the Flathead River. These developments alter 
the stream dynamics and increase 
sedimentation from sewage outflow.  Human 
residential development in the Swan Valley 
on private land around the southern 
tributaries is also a concern. This area has 
noted a substantial increase in permits to 
adjust stream banks for development. This 
area represents important migration and 
rearing habitat for bull trout (USFWS 
2002a).   
 
A proposed ski hill expansion in the Big 
Creek watershed in the North Fork of the 
Flathead River may increase sedimentation 
due to clear cutting for ski runs (USFWS 
2002a).   
 

Climate change 

Climate change is predicted to reduce bull 
trout habitat by increasing water 
temperatures. Bull trout require water 
temperatures below 15oC (60 F). Stream 
habitats with temperatures greater than 
15oC favour non-native warm water species 
(Raymond and McIntyre 1993).  
   

Dams 

Dams present physical structures that 
impede movement, resulting in habitat 
fragmentation for migratory bull trout 
populations.  In Montana, the Bigfork dam on 
the Swan River built in the 1920’s blocked 
bull trout migration into Flathead Lake. 
Today the Swan lake population is treated as 
a separate population and the dam is 
considered important in preventing 
movement of introduced species from 
Flathead Lake to the Swan River system. In 
1953 the Hungry Horse Dam blocked 
migration of bull trout from Flathead Lake to 
the South Fork of the Flathead River, 
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reducing spawning habitat for Flathead Lake 
bull trout (Fraley et al 1989). The Hungry 
Horse Reservoir bull trout populations has 
also benefited from the dam as non-native 
fish species are not able to spread from 
Flathead Lake to the South Fork of the 
Flathead. Biologists have expressed concern 
that the Hungry Horse Dam has been 
subjected to deep drawdowns that may 
threaten critical bull trout habitat (USFWS 
2002a). There are two major storage dams 
in the St Mary’s river system, Sherbrun dam 
and St Mary’s reservoir in Alberta. There is 
little evidence that these dams are currently 
blocking bull trout migration (USFWS 
2002b).  
 
In Alberta, the Old Man River Dam likely 
separated bull trout downstream from their 
spawning grounds near the headwaters in 
the CCE (DEC 1990). Additionally road 
development in southwestern Alberta has 
resulted in numerous hanging culverts and 
blockages which restrict movement. In the 
Waterton and Belly River bull trout 
populations, 20% of mortality is due to 
entrainment in irrigation canals downstream 
of the CCE (Clayton 1998) 
 

Illegal harvest 

Sensitivity to angling pressure coupled with 
by-catch and poaching is a serious concern 
for bull trout populations. This concern is 
exacerbated by increased access to remote 
areas due to road development for oil and 
gas, forestry and recreation. In the past 
legal angling of bull trout was substantial in 
the Flathead River Basin; it was estimated 
that 40% of adult bull trout were removed 
through fishing. Current management 
practices in Montana focus on non-native 
species and it has been illegal to fish for bull 
trout since 1992 with the exception of Swan 
Lake (USFWS 2002a).  This was also 
identified as a major issue for populations in 
the St Mary river system (USFWS 2002b).  
However studies in Montana identified 
poaching, misidentification and hooking 
mortality as a major concern for bull trout 
populations (USFWS 2002a, 2002b). In 1995 
a zero tolerance limit was placed on bull 
trout in Alberta, however 5% of mortality in 
the Belly and Waterton rivers was due to 
poaching (Clayton 1998). Additionally, 
studies in Alberta note that misidentification 
is fairly common contributing to mortality 
from angling (Post and Johnston 2002).  
  

Illegal stocking 

Illegal stocking continues to be a problem in 
the CCE.  In Montana, the state fish and 
wildlife department recorded 220 known 
illegal stockings in northwest Montana, in 
122 different waterways (USFWS 2002a).  
 

Fisheries Management 

In Montana there are 23 species that coexist 
with bull trout, only 10 of which are native. 
Non-native species may out compete or 
hybridize with native populations of bull 
trout.  Of specific concern are brook trout 
and lake trout.  Brook trout occupy similar 
spawning habitat as Bull trout increasing 
competition for space and possibility of 
hybridization. In some areas brook trout 
have successfully extirpated bull trout.   
 
The swan river bull trout population is 
hybridizing with brook trout but the offspring 
are sterile (MBTSG 1996).  Additionally, 
degraded habitat conditions tend to favour 
brook trout. In Alberta, brook trout are 
common throughout bull trout habitat 
including in Mill Creek, an important 
spawning tributary for bull trout.  
 
Lake trout were introduced into the Flathead 
Lake in the 1950’s and have expanded their 
range up to Bear Creek on the Middle Fork of 
the Flathead and into British Columbia on the 
North Fork of the Flathead. This range 
overlap is a concern as lake trout prey on 
young bull trout and compete for other 
resources. Lake trout are not currently in the 
Swan river system although a few individual 
lake trout have been reported.  The 
possibility of lake trout being introduced to 
the Swan River system is a significant threat 
to remaining strong natural bull trout 
populations in the CCE.   
 
Researchers are in the process of reviewing 
the impacts of Pike, an introduced species to 
the Flathead Recovery Unit, on bull trout. 
Preliminary research indicates that they may 
prey substantially on bull trout (USFWS 
2002b).  
 

Mining 

There is a large coal deposit in British 
Columbia on the Flathead River. If this is 
mined, there would be 10% loss of spawning 
habitat to the Flathead Lake bull trout 
population (USFWS 2002a). 
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High Integrity Watersheds 
Healthy freshwater ecosystems provide 
invaluable habitat and ecosystem services to 
native flora and fauna. The CCE represents 
the height of land, where the headwaters of 
many major river systems start and flow 
across the North American Continent and 
drain into three major water bodies: the 
Pacific Ocean, the Hudson Bay and the Gulf 
of Mexico. These waterways which were once 
pristine and free flowing are now fragmented 
and degraded by large scale dams, 
diversions, sedimentation and channelization 
of streams, water contamination and the 
introduction of exotic species.  
Understanding the current state of aquatic 
health in the CCE is important for developing 
conservation strategies aimed at maintaining 
and restoring native fish communities and 
aquatic ecosystems. Watershed assessments 
are a useful tool to assist decision makers in 
assessing the cumulative impact of human 
activities on fish communities and water 
resources. A watershed or drainage basin is 
a freshwater system that drains into a river, 
lake or ocean and contains all the land, 
water and species that occupy it boundaries. 
Watersheds can be assessed at a variety of 
spatial scales (as they exhibit a hierarchical 
system based on stream order) from a first 
order stream and it’s tributaries to the entire 
river basin from headwater to the major 
water body it drains into. A study by 
Mayhood (2004) to assess native fish health 
based on major watersheds in the Y2Y region 
identified the CCE (drainage 5) as a major 
conservation challenge due to highly 
degraded nature of the native fish 
communities. Mayhood suggests a 
reasonable approach to developing a 
conservation strategy in this region is to 
identify high priority subwatersheds that 
support native fauna and high quality water 
resources.  Threats to watershed health in 
the CCE include human activities that 
degrade stream habitat, such as roads, 
forestry practices, grazing, oil and gas and 
human settlement. 
 

 ASSESSING WATERSHED HEALTH 
 
The purpose of assessing watershed health is 
two-fold: to assist in prioritizing 
conservation and restoration strategies for 
watersheds that support native fish species 
assemblages and high quality water 
resources. At the watershed scale, Mayhood 

identified most of the watersheds in the CCE 
as highly degraded for native fish species 
assemblages (2004).  Sub watershed 
analysis for the CCE has not been 
undertaken, although independent analyses 
have occurred in Alberta and Montana. The 
approaches differ in method, such as the 
factors used to assess health, as well as 
occurring at different watershed scales. 
Although not directly comparable, these 
analyses represent the current state of 
knowledge and state similar goals to 
identifying high integrity or high risk 
watersheds to assist in prioritizing areas for 
conversation and restoration. 
 

Alberta 

In the Eastern Slopes of Alberta two studies 
by the same researchers assessed watershed 
integrity. Sawyer and Mayhood (1998) ran a 
watershed analysis, using the British 
Columbia level 1 Watershed Assessment 
Procedure (IWAP), in the Castle and 
Livingston ranges of the CCE in Alberta. The 
IWAP procedure has been designed to assist 
land managers in understanding the extent 
and type of water related problems in a 
watershed. Specifically IWAP assesses 
potential for hydrological impacts relating to 
changes in peak flow, surface erosion, 
changes in riparian zones and mass wasting 
(BC Ministry of Forests 2001). They 
concluded that in the Castle most of the 
watersheds are at high risk of degradation 
due to increased flows and erosion from 
forestry and recreational activity. Similar 
methods were employed in the Livingston 
where a number of high risk watersheds 
were identified (figure 16) (Swayer and 
Mayhood 2003). High risk watersheds were 
linked to human settlement, forestry and 
recreational activity.  
 

British Columbia 

The BC government has developed a 
program to identify and conserve fisheries 
sensitive watersheds (FSW). To qualify as a 
FSW, the watershed much exhibit significant 
fisheries value and watershed sensitivity (BC 
Ministry of Environment 2006). There is a 
FSW in the Kootney Forest District (Palliser 
River) situated on the northwest border of 
the CCE (figure 17). It has been designated 
as sensitive for its high quality bull trout and 
west cutthroat trout habitat. Additionally, 
the British Columbia government has 
developed IWAP to assess watershed risk 
from forestry practices and linear 

ASSESSING WATERSHED HEALTH 
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development (BC Ministry of Forests 2001).  
No watershed health assessments were 
found for Southeastern BC. 
 
 
 
 

 
 
 
 
 
 

 
Figure 16: Watershed assessment in the Livingston range of Alberta (southern extent occurs in the 
Crowsnest Pass). 
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Figure 17: Palliser River Fisheries Sensitive Watershed outside the top northwestern boundary of the CCE. 
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Montana 

In Montana a project by the US Forest 
Service was developed to identify Aquatic 
Diversity Areas (ADA), through a measure of 
the aquatic integrity and conservation value 
of subwatersheds. The scale of analysis was 
a 6th order subwatershed (10-25 km2), 
chosen because it was considered to be of 
sufficient size and internal diversity to 
support self sustaining aquatic populations.  
A GIS model was developed with four 
parameters, road density, frequency of fish 
stocking, native to exotic fish ratio and 
sensitive species occurrences. Modeling 
results are presented in Figure 18. The 
results highlight areas in the Montana 
portion of the CCE where blocks of high 
integrity subwatersheds are occurring and 
could be prioritized for conservation. The 
results also assist in prioritizing restoration 
activities through the identification of lower 
quality subwatersheds that play an important 
role in connectivity between high integrity 
watersheds (Hitt and Frissell 2003). The 
results displayed in Figure 18 identified a 
cluster of high scoring watersheds within the 
middle and south fork of the Flathead River. 
The researchers noted the majority of high 
integrity subwatersheds occurred in 
wilderness areas (Glacier National Park, 
Great Bear Wilderness and Bob Marshall 
Wilderness).   
 

 
 
Figure 18: ADA scores for Montana portion of the CCE. 
Highest score to lowest score represented through 
color coding: high integrity to low integrity (blue-
green-beige-grey).   
 
 

Threats to watersheds were considered 
impacts that degrade native fish 
assemblages and water resources.  
 
Stresses 

Alterations to the hydrological regime 

Watersheds are highly integrated systems 
because they are influenced by the 
interactions of soil, geology and the 
biological community upland of streams and 
rivers as well as physical, chemical and 
biological processes. These factors influence 
channel location, flow rate and timing and 
water temperature and clarity. Changes to 
these parameters, caused by human activity, 
may alter natural conditions and have a 
deleterious impact on native fish species 
assemblages and other biota in the 
watershed.  
 

Non-native Species 

Numerous non-native species have been 
legally or illegally stocked in the waterways 
of the CCE. Unfortunately most non-native 
species have a deleterious effect on native 
fish stock through hybridization, competition 
for forage and spawning habitat or removal 
through direct predation. This issue is 
compounded by alterations of hydrological 
processes that tend to degrade stream 
habitat for native fish assemblages and favor 
non-native species.  
 
Sources of Stress 

Transportation network 

Road density is often correlated with 
degraded habitat conditions and a decrease 
in the presence of native fish species 
assemblages (Baxter et al 1999). 
Additionally, roads tend to increase erosion 
and sedimentation into waterways degrading 
high quality fish habitat.  
 

Forestry Practices 

Clearcuts and road development alter 
hydrological processes such as sedimentation 
and surface run-off. Additionally removal of 
forest vegetation along streams and rivers 
removes essential fish habitat structure such 
as cover, channel and bank stability and may 
alter water temperature to undesirably warm 
levels. Forestry practices occur throughout 
the CCE and numerous watershed impacts 
have been noted.   
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THREATS TO WATERSHED INTEGRITY 
 

Oil and Gas 

Along the Eastern Slopes of Alberta, 
exploration in the front basins, including 
associated roads and seismic activity, 
impacts watershed health through road 
development and access.  
 

Recreational Activities 

Recreational off-highway vehicle use adds to 
the trail system, increasing stream crossings 
and sedimentation into freshwater systems. 
This threat is a concern along Alberta’s 
Eastern Slopes on public forest land where 
access management is limited.  
  

Grazing 

Livestock grazing tend to suppress the 
succession of riparian forests that provide 

essential habitat for native fish species 
assemblages.  
 

Dams  

Physical obstructions such as dams impact 
the natural flow regime of waterways and 
play a role in fragmenting fish habitat. In the 
CCE dams should be assessed individually as 
research indicates that the Hungry Horse 
Dam and Swan River Dam play an important 
role in preventing the spread of non-native 
species in the upland watersheds (USFWS 
2002a).  
 

Water Diversion 

Removing water from a waterway to support 
agricultural, residential or industrial projects 
impacts the flow volume and rates. Water 
removal may potentially lower water 
volumes below their required habitat needs.  
 

 
 
Common Threats 
 
The CCE targets are threatened by many of 
the same stresses and sources of stress. 
Table 2 displays threats that impact multiple 
targets in the CCE. For example, an 
assessment of the targets indicates that the 
CCE is primarily threatened by expanding 
transportation networks, human settlement, 
oil and gas and recreational activity. 
Understanding the nature of these threats 
will assist Y2Y and its partners in developing 
conservation strategies that address multiple 
targets simultaneously.  
 
Although this table will assist conservation 
planners in prioritizing strategies to address 
specific threats, it is important to be 
cautious. The threats presented for each 
target are not assessed for their severity of 
impact on the target. Therefore all threats 
identified for a  
 
target should be reviewed or considered 
when developing conservation strategies. For 
example, the primary threat to whitebark 
pine is white pine blister rust, an introduced 
disease. Although this threat does not 
negatively impact other targets, developing 
conservation strategies that did not address 
this primary threat would likely fail to 
conserve whitebark pine. Additionally, 
 

  
 
 
 
although many of the threats impact multiple 
targets, the specific stress they are 
impacting varies and will therefore require 
different conservation strategies. For 
example, a transportation network has a 
different impact on grizzly bears and bull 
trout. For grizzly bears a large highway can 
either result in habitat avoidance or direct 
mortality, while bull trout are more 
susceptible to gravel roads close to streams 
that degrade habitat resulting in habitat 
fragmentation. However, both grizzly bears 
and bull trout are susceptible to increased 
mortality due to increases in human access 
afforded by transportation networks.   
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Table 2: Common threats across targets in the CCE 
 
Threats GB LYN WOL PW WBP CW BT HIW 
Transportation network                 
Forestry practices                 
Oil and gas                 
Human settlement                 
Recreational activity                 
Climate change                 
Grazing                 
Dams                 
Water Diversion                 
Illegal harvest                 
Legal harvest                 
Fire suppression                 
Channelization                 
Illegal stocking                 
Fisheries management                 
Mining                 
Source attractants                 
Non-native species                 
White pine blister rust                 
Mountain Pine beetle                 
Non-native species                 

 
This report does not address the cumulative 
impact of threats on the targets in the CCE. 
It is likely that the additive effects of threats 
further erodes the health of targets and 
opportunities for persistence into the future. 
Understanding how threats interact within 
the CCE and their cumulative impact on 
conservation targets is important for the 
development of successful mitigation 
strategies.  

 
Additionally, threats such as climate change 
are due primarily to activities occurring 
outside of the CCE. Addressing threats 
occurring across the landscape outside of the 
CCE may be necessary for long term health 
of the ecosystem. Similarly, connectivity 
within the CCE and between neighboring 
ecosystems is important considerations for 
strategy development.  

 

 
Summary 
 
This report provides background information 
to Y2Y and its partners for developing 
conservation strategies within the CCE to 
maintain a healthy functioning ecosystem, 
for the backbone of the Y2Y region. 
Maintaining connectivity and healthy native 
assemblages of flora and fauna in the CCE 
was assessed through a review of eight 
conservation targets. As a unit the eight 
targets are representative of terrestrial, 
aquatic and avian native assemblages of the 
CCE.  Each target was reviewed for its 
current state of health using a selection of 

indicators.  Although we tried to select 
indicators that are currently already being 
monitored, this was not always possible and 
a number of data gaps were identified during 
this process. Each target was also assessed 
for stresses and sources of stress that 
contribute to the degradation of the targets 
health.  
 
Connectivity becomes an issue of concern 
when human activities decrease or restrict 
the movement of animals, plants and 
ecological processes on the landscape. 
Within the CCE, numerous human activities 
fragment the landscape, such as 
transportation networks, human settlement, 
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recreational activity, dams and resource 
extraction. Additionally, other threats such 
as harvesting (angling, hunting and 
trapping), and the introduction of non-native 

species and diseases further erode the 
health of many of the selected CCE 
conservation targets.  
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