University of Calgary
PRISM: University of Calgary's Digital Repository
Graduate Studies

Legacy Theses

2001

Modeling and management of potential movement
corridors for elk (cervus elaphus), bighorn sheep
(ovis canadensis) and grizzly bear (ursus arctos) in
the radium hot springs area, British Columbia
Tremblay, Marie A.
Tremblay, M. A. (2001). Modeling and management of potential movement corridors for elk
(cervus elaphus), bighorn sheep (ovis canadensis) and grizzly bear (ursus arctos) in the radium
hot springs area, British Columbia (Unpublished master's thesis). University of Calgary, Calgary,
AB. doi:10.11575/PRISM/20644
http://hdl.handle.net/1880/40871
master thesis
University of Calgary graduate students retain copyright ownership and moral rights for their
thesis. You may use this material in any way that is permitted by the Copyright Act or through
licensing that has been assigned to the document. For uses that are not allowable under
copyright legislation or licensing, you are required to seek permission.
Downloaded from PRISM: https://prism.ucalgary.ca

The author of this thesis has granted the University of Calgary a non-exclusive
license to reproduce and distribute copies of this thesis to users of the University
of Calgary Archives.
Copyright remains with the author.
Theses and dissertations available in the University of Calgary Institutional
Repository are solely for the purpose of private study and research. They may
not be copied or reproduced, except as permitted by copyright laws, without
written authority of the copyright owner. Any commercial use or publication is
strictly prohibited.
The original Partial Copyright License attesting to these terms and signed by the
author of this thesis may be found in the original print version of the thesis, held
by the University of Calgary Archives.
The thesis approval page signed by the examining committee may also be found
in the original print version of the thesis held in the University of Calgary
Archives.
Please contact the University of Calgary Archives for further information,
E-mail: uarc@ucalgary.ca
Telephone: (403) 220-7271
Website: http://www.ucalgary.ca/archives/

Modeling and Management of Potential Movement Corridors for
Elk (Census elaphus), Bighorn Sheep {Ovis canadensis) and
Grizzly Bear (Ursus arctos) in the Radium Hot Springs Area,
British Columbia

by
Marie A. Tremblay

A Master's Degree Project Submitted in Partial Fulfillment of the
Requirements for the Degree of Master of Environmental Design
(Environmental Science)

Faculty of Environmental Design
University of Calgary
April 1,2001

© Marie Anne Tremblay 2001

Abstract
Modeling and Management of Potential Movement Corridors for Elk (Cervus elaphus),
Bighorn Sheep (Ovis canadensis) and Grizzly Bear (Ursus arctos)
in the Radium Hot Springs Area, British Columbia.
Prepared in partial fulfillment of the requirements for the M.E.Des. degree from the
Faculty of Environmental Design, University of Calgary.
by Marie A. Tremblay
April 2001
Co-supervisors: Dr. Stephen M . Herrero and Dr. Paul C. Paquet
I delineated potential movement corridors for elk {Cervus elaphus nelsoni), bighorn
sheep (Ovis canadensis canadensis) and grizzly bear (Ursus arctos) using a GIS-based
modeling approach. This approach incorporated up-to-date modeling techniques
complemented by site-specific knowledge of wildlife use acquired through an extensive
review of the literature, key informant interviews and personal observations in the field.
My analysis led to the identification of 18 potential corridors for elk and/or grizzly bear
and 12 potential corridors for bighorn sheep. Three corridors stand out as being
particularly important for ensuring connectivity on a regional scale, for multiple species.
The Upper Luxor Creek Corridor provides the only low elevation, forested linkage
between the Kootenay and Columbia drainages within the study area that is relatively
secure from human disturbance. The Upper Benchlands Corridor offers a high quality
corridor for movements along the Columbia Valley and, because of its width and gentle
topography, is probably suitable for a wide variety of species. This corridor is of
particular significance because it provides a safe route for animals traveling between the
Columbia Valley and Kootenay National Park via the Lower Sinclair Creek Corridor.
The Lower Sinclair Creek Corridor represents another important low-elevation forested
linkage between the Columbia and Kootenay Valleys. Empirical data and anecdotal
observations demonstrate movement of bighorn sheep, elk, wolf and cougar through this
corridor. The main issues threatening habitat connectivity in the Radium area are
increasing recreational and residential development, blockage of movement and mortality
associated with transportation corridors, as well as a lack of coordinated regional
planning. General recommendations aimed at preserving a functional network of
corridors across the greater Radium landscape include the formation of a sub-regional
ecosystem advisory committee, the formation of a sustainable economy committee, the
establishment of an inter-jurisdictional wildlife database and more extensive monitoring
of wildlife movements. I also provide specific recommendations relating to each of the
focal species as well as to each potential corridor identified. Recommendations for future
research and management are also provided.
Key words: elk, bighorn sheep, grizzly bear, wildlife movement corridor, cumulative
effects, modeling, habitat effectiveness, GIS, British Columbia, Rocky Mountains.
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Executive Summary
The area surrounding Radium Hot Springs in the Upper Columbia Valley of southeastern
British Columbia supports a diversity of wildlife species including bighorn sheep, elk,
mule deer, white-tailed deer, grizzly bear, black bear, cougar, bobcat, badger, wolf and
coyote. Federal and provincial land managers, however, are increasingly concerned
about the loss, alienation and fragmentation of habitat as well as the disruption of
movement corridors that may be occurring as a result of ever-increasing residential and
recreational development across the landscape. One of the main problems to date has
been the lack of coordinated regional planning. This is an issue because many wildlife
species present in the Radium area travel extensively in their efforts to meet their
biological requirements. Through their movements, wildlife typically cross multiple
jurisdictions, each of which have different policies toward wildlife conservation. A
piece-meal approach to land-use planning will inevitably lead to the fragmentation of
wildlife habitat and populations, which in turn could lead to loss of species diversity.

The purpose of this study was to develop management recommendations aimed at
preserving or enhancing the effectiveness of movement corridors within the Radium Hot
Springs area for elk, bighorn sheep and grizzly bear. The study focused on the effects of
human activity and development within the study area. The major accomplishments of
the study can be summarized as follows:
•

Identification of potential corridors for elk, bighorn sheep and grizzly bear based
on the systematic application of information from the literature and key informant
interviews through Geographic Information System (GlS)-based modeling. The
modeling method used constitutes an initial "coarse filter" approach for
identifying corridors.

•

Identification of gaps in the existing ecological database.

•

Identification of assumptions or testable hypotheses regarding factors believed to
affect the movements of wildlife, which can be viewed as directions for future
research.
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•

Development of a framework through which corridors can be assessed, in terms
of their characteristics and, to a certain degree, their functionality.

•

Development of a tool (i.e., models) for assessing the impacts of future
development proposals on this corridor network.

•

Development of preliminary recommendations aimed at preserving a functional
network of corridors throughout the greater Radium landscape.

I delineated potential movement corridors for the aforementioned focal species using a
GIS-based modeling approach that incorporated up-to-date modeling techniques
complemented by site-specific knowledge of wildlife use acquired through an extensive
review of the literature, key informant interviews and personal observations in the field.
Corridor delineation was conducted separately for each of the focal species following
four basic steps:
1. Assessing inherent habitat quality across the study area (habitat routine)
2. Accounting for the effects of human disturbance (disturbance routine)
3. Accounting for how animals move across the landscape (movement routine)
4. Identifying potential linkages for each species (combination of habitat,
disturbance and movement routines).

The final output of the modeling exercise consisted of a series of maps depicting corridor
values across the study area for each of the focal species. "Corridor value" can be viewed
as the suitability of an area to support the movements of individuals of a given species.
Interpretation of these model outputs led to the creation of two maps of potential
movement corridors: one for elk and grizzly bear and the other for bighorn sheep. In all,
I identified 18 potential corridors for elk and/or grizzly bear and 12 potential corridors for
bighorn sheep. I also described each corridor in terms of its physical characteristics and
discussed its potential functions as a travel route for the focal species in question.

While a number of corridors were identified as the result of this study, certain corridors
stand out as being particularly important for ensuring connectivity on a regional scale, for
multiple species. These are:
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•

Upper Luxor Creek Corridor: Provides the only low elevation, forested,
relatively secure linkage between the Kootenay and Columbia drainages
within the study area.

•

Upper Benchlands Corridor: Offers a high quality corridor for movements
along the Columbia Valley and, because of its width and gentle topography, is
probably suitable for a wide variety of species. Of particular significance, this
corridor provides a safe route for animals traveling between the Columbia
Valley and Kootenay National Park via the Lower Sinclair Creek Corridor.

•

Lower Sinclair Creek Corridor: Represents another important low-elevation
forested linkage between the Columbia and Kootenay Valleys. This corridor
is used extensively by bighorn sheep throughout the year. As well, radiotelemetry data confirm movements of elk and wolf through this corridor.

General conclusions regarding wildlife corridors in the Radium Hot Springs area can be
summarized as follows:
•

The proximity of the Radium area to Kootenay National Park is very significant in
terms of connectivity. There is general agreement among scientists that core
protected areas, such as national parks, must not become "islands in a sea of
development". Healthy wildlife populations require exchange of animals to ensure
genetic variability. Connectivity also ensures protection against local extinction.

•

A multi-jurisdictional approach to the preservation of a functional network of
corridors is essential since, typically, wildlife movements do not respect political or
jurisdictional boundaries.

•

Although this study brings us closer to understanding how different elements of the
landscape can affect the movements of wildlife, it represents only the first of several
steps in an iterative process geared toward a more sophisticated understanding of
wildlife corridors in the Radium area.

•

This understanding is largely dependent on the collection of empirical data on
wildlife movements in the area. At this time, such data is clearly lacking.
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Conclusions regarding connectivity for elk include:
•

Corridors derived from the elk model are probably suitable for a range of species as
elk have relatively large home ranges, tend to use a variety of habitats throughout the
landscape and can be sensitive to human presence.

•

•

Attributes that appear to be important for elk corridors are:
o

Suitable habitat

o

Presence of ecotone between forested and open areas (edge)

o

Relatively gentle slopes

o

Presence of visual cover

o

Low levels of human disturbance

The upper benchlands, because they contain most of the above characteristics, likely
serve as a major conduit, of regional significance, for movements parallel to the longaxis of the Columbia Valley.

•

Riparian corridors are believed to represent important travel routes for the seasonal
movements of elk along the elevational gradient.

•

While elk use of the wetlands is well recognized, their use by elk as a movement
corridor is not well understood and would require further investigation.

•

Sensory disturbance, associated with transportation corridors, human settlements as
well as recreational facilities and activities, potentially represents a significant
impediment to the movements of elk.

•

Highway 95, and its associated high traffic levels and infills, is believed to represent a
significant physical impediment to movement along major riparian corridors linking
the Brisco and Stanford ranges to the Columbia River wetlands.

•

Strip development, such as that present along Highway 95 south of Radium, is
believed to increase the psychological barrier effect of the road.

•

Within Kootenay National Park, a long-standing policy of fire suppression has
resulted in a homogeneous, closed-canopy forest. Greater heterogeneity in the forest
cover would likely increase habitat quality and connectivity for elk.

Conclusions regarding connectivity for bighorn sheep are:
•

Because bighorn sheep have such specific habitat requirements, it is believed that
corridors derived from the sheep model are species-specific and thus, not suitable for
a wide range of species.

•

Generally speaking, movement corridors for sheep appear to be tied to the presence of
escape terrain and high visibility. However, some evidence suggests that sheep will,
when required, cross areas of insecure habitat in their movements.

•

Sheep appear to make extensive use of the Lower Sinclair Creek Corridor for
movements between summer and winter ranges.

•

Bighorn sheep appear to habituate readily to human presence, especially in
predictable situations. However, the behavioural and physiological responses of
sheep to humans and roads have not been formally tested in the Radium area. Sheep
may be experiencing long-term stress as a result of their close proximity to humans
even if the signs of stress are not overt.

•

Collisions with vehicles along Highways 93 and 95 are the primary cause of mortality
in the Radium herd.

Conclusions regarding connectivity for grizzly bear can be summarized as follows:
•

Grizzly bears are generally considered an excellent umbrella species and as such,
corridors that are functional for this species are likely suitable for a range of species.

•

Human use along roads and trails represent a major threat to connectivity for grizzly
bear in the Radium area.

•

Highway 93 likely impedes grizzly bear movements between the Brisco and Stanford
Ranges. The extent of the impediment, however, is not known.

•

Grizzly bear use within the Columbia Valley appears to be minimal, although the
upper benchlands may be important for grizzly bears in terms of providing a safe
route connecting one side drainage to another.

•

Optimally, grizzly bear corridors should:
o

Have low levels of human disturbance

o

Provide visual cover, especially in proximity to roads

o

Be energetically efficient
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o
•

Provide some food sources

Within Kootenay National Park, a long-standing policy of fire suppression has
resulted in a homogeneous, closed-canopy forest. Greater heterogeneity in the forest
cover would likely increase habitat quality and connectivity for grizzly bear.

General recommendations aimed at preserving or enhancing habitat connectivity in the
Radium Hot Springs area include:
•

Formation of a sub-regional ecosystem advisory committee. I recommend the
formation of an ecosystem advisory committee whose mandate would be to develop a
conservation strategy for the greater Radium area. Such a committee should be
composed of representatives of all agencies responsible for land management in the
area, such as the Village of Radium, the Regional District of East Kootenay and
Kootenay National Park. One of the most pressing tasks to be undertaken would be
the development of guidelines aimed at preserving a functional network of corridors.
To protect important wildlife corridors, it is imperative that this be completed as soon
as possible, before any new development projects are allowed to proceed.

•

Formation of a sustainable economy committee. Long-term ecological
conservation cannot be achieved without a concerted effort to develop a sustainable
economy for the greater Radium area. Such an economy is one built on
entrepreneurial activities that do not impair ecological processes. It is often
overlooked that efforts to preserve wildlife in the Radium area will pay long-term
dividends to local residents in terms of both ecological and economic prosperity. One
of the first primary tasks of the proposed committee would be to develop a vision for
the greater Radium area along with clear objectives for the achievement of a
sustainable economy. Elucidation of such a vision and objectives should involve
extensive public participation.

•

Establishment of an inter-jurisdictional wildlife database. A central library
housing electronic and paper copies of all ecological work completed within the
greater Radium area would be tremendously beneficial in fostering an ecosystem
approach to wildlife management. In addition, a website allowing documents to be
accessed on-line could be an effective means of making ecological information
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available to researchers, decision-makers and the general public. A readily accessible
GIS database would also be invaluable in facilitating multi-jurisdictional wildlife
research.
•

Monitoring of wildlife movements. While this project was useful in identifying
potential wildlife corridors in the Radium area, monitoring of these corridors is the
essential next step for determining the extent and nature of their use by various
species. O f highest priority are those corridors likely to be affected by future
development projects. Monitoring is a critical element of ecological land-use
planning as it is the cornerstone of an adaptive management strategy.

In addition to these general recommendations, I also present more specific
recommendations for each of the focal species as well as for each potential corridor
identified. These recommendations are tailored to specific stakeholders in the area and
take into account existing legislative and policy frameworks. Recommendations for
future research and management are also provided.
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1
1.1

INTRODUCTION
PROBLEM DEFINITION AND SCOPE

This study focuses on wildlife movement corridors in the area around Radium Hot
Springs, a small tourist town located at the southern end of Kootenay National Park in the
Rocky Mountain Trench of southeastern British Columbia. The East Kootenay Region is
recognized as unique in British Columbia in its capacity to support a wide variety of large
mammalian species (Demarchi 1986). In the Radium Hot Springs area, steep grassy
slopes and an abundance of escape terrain provide key winter range for bighorn sheep
(Ovis canadensis canadensis) although other ungulate species, such as elk (Cervus
elaphus nelsoni), mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus
virginianus) also use the area. In addition, large and mid-sized carnivores are present,
including cougar (Felis concolor), wolf (Canis lupus), grizzly bear (Ursus arctos), black
bear (Ursus americanus), coyote (Canis latrans) and badger (Taxidae taxus) (Poll et al.
1984, A. Dibb, pers. comm. May 1998).

Whereas the area surrounding Radium Hot Springs currently boasts an impressive
diversity of wildlife species, the long-term persistence of local and regional populations
is far from assured given current trends. One issue that has received a fair amount of
attention in past and recent years is that of degradation of bighorn sheep winter range due
to past overgrazing, the invasion of noxious weeds such as leafy spurge, and the
encroachment of forests over grasslands resulting from decades of fire suppression
(Stelfox 1976, Stelfox et al. 1985). In the past decade, a number of plans have been
developed to improve winter range quality for sheep in the Kootenay Region (Demarchi
and Demarchi 1994, Armstrong and Associates Consulting Foresters Ltd. 1993, Davidson
1994).

While the issue of winter range quality for bighorn sheep has been recognized for many
years, a new set of issues, related to increased human activity in the area, have more
recently begun to capture the attention of land and wildlife managers. Demarchi and

l

Demarchi (1994), citing government of B C forecasts, stated that the human population of
B C was projected to grow by 50% between 1990 and 2015. Most of this growth has been
taking place in the Lower Mainland as a result of the massive foreign immigration of the
late 1980s and early 1990s. This surge of immigration has had a ripple effect on the rest
of the province as former Lower Mainland residents relocate to more rural areas
(Demarchi and Demarchi 1994). In the East Kootenay, development of scattered private
lands for rural home sites has steadily been disrupting the continuity of wildlife habitat in
the East Kootenay, especially since the mid 1980s (D. Phelps, pers. comm., in Demarchi
and Demarchi 1994). As well, several communities in the East Kootenay, such as
Radium Hot Springs and Invermere, serve as popular recreational destinations for
Calgarians. As Calgary continues its rapid expansion, recreational pressure on the resort
destinations of the East Kootenay can be expected to increase as well.

In the Radium Hot Springs area, federal and provincial land managers are increasingly
concerned about the loss, alienation and fragmentation of habitat as well as the disruption
of movement corridors that may be occurring as a result of ever-increasing residential
and recreational development. For example, a large tract of private land, located north of
Radium Hot Springs next to the west boundary of Kootenay National Park and formerly
managed as a Christmas tree farm, has recently become the property of land development
companies. Plans have already been submitted to the Village of Radium to develop
portions of these lands into residential subdivisions. Such plans could, if implemented
without regard for wildlife, cause increased habitat fragmentation and hamper seasonal
movements between critical summer and winter ranges within the study area. Golf
courses are also proliferating in the area and the effects of these on wildlife remain to be
fully understood although, according to Paquet et al. (1994), "even those land uses having
no physical structures associated with them, still serve as a significant source of habitat
alienation".

Land conversions into subdivisions and recreational facilities are not the only threats to
landscape connectivity. In the Radium area, two major highways and a railway represent
potential impediments to wildlife movements. More specifically, such barriers may
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interrupt, filter or redirect wildlife movements (Paquet et al. 1994). As well, these
transportation corridors represent a significant cause of mortality for several species,
particularly ungulates (R. Hoar, B. Swan, A. Dibb, pers. comm. March 1999).
Unfortunately, to date, responsible agencies have made very few efforts to mitigate the
negative impacts associated these transportation infrastructures. As the area receives
more and more visitors and traffic continues to increase, this problem is bound to get
worse.

Other human activities such as hiking and horseback riding, although requiring less
intensive infrastructures and involving minimal impact to the landscape, can nonetheless
cause significant habitat alienation and disruption of habitat connectivity for large
carnivore species such as grizzly bears and wolves, which generally demonstrate a low
level of tolerance to human disturbance (Paquet et al. 1996, Kasworm and Manley 1990).
It is generally agreed that the persistence of such species is favoured by large tracts of
relatively undisturbed habitat where human influence and fragmentation levels are kept at
a minimum (Gibeau et al. 1996, Noss et al. 1996, Gibeau and Herrero 1998, Paquet et al.
1994, Paquet et al. 1996).

The fragmentation of habitats and wildlife populations is further exacerbated by a lack of
coordinated regional planning. This is an issue because many wildlife species present in
the Radium area travel extensively in their efforts to meet their biological requirements.
These travels may represent seasonal movements between summer and winter ranges or
may be related to dispersal, a phenomenon whereby an individual leaves its place of
origin in search of a new home range. Through their movements, wildlife may cross
several jurisdictions, each with very different policies toward wildlife conservation. For
example, ungulates are known to summer in the mountains within Kootenay National
Park but move down into the Columbia Valley during the winter onto land that is either
under provincial or private ownership. This example illustrates how conservation of
wildlife cannot be ensured by one jurisdiction alone but rather, requires the cooperation
of a multitude of stakeholders at the local and regional levels. Echoing this idea,
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Demarchi and Demarchi (1994) affirmed "the long-term success of management dictates
that managers consider longer time frames and larger areas than they have in the past".

In the Bow Valley, Paquet et al. (1994) warned that due to a lack of coordinated regional
planning, habitat loss and other impacts caused by development are incrementally
eroding the ecological processes and components necessary to sustain biodiversity. The
same is likely occurring in Kootenay National Park and the Columbia River Valley
where, traditionally, only a proposal by proposal approach to impact assessment has been
taken (D. Petersen, pers. comm. February 1998). Such a narrow approach tends to
minimize the magnitude and seriousness of impacts of development and human activity
on wildlife and natural systems. However, when proposals are considered within a
broader context, in conjunction with existing and future developments on the landscape,
the effects of these become more apparent; hence, the importance of considering the
cumulative effects of proposals, whether they are in the same or different jurisdictions.

To recapitulate, the primary conservation issues in the Radium Hot Springs area can be
summarized as follows:
1. Habitat condition, especially for ungulates, is degrading as a result of past
overgrazing, forest ingrowth due to fire suppression, and the invasion of non-native
weeds.
2. Increasing recreational and residential development on the landscape is causing
habitat alteration, loss and fragmentation. This trend, if allowed to continue, may
cause increased isolation of populations, a situation that may lead to decreased
demographic stability, decreased genetic variability and ultimately, decreased
population viability. Habitat fragmentation also can impede normal movement
patterns of wildlife. As well, sensory disturbances can cause wildlife to abandon
otherwise suitable habitat, a phenomenon referred to as habitat alienation.
3. Transportation corridors, namely two highways and a railway, can act as barriers to
movement and are a significant cause of wildlife mortality. Such mortality will likely
increase as the area continues to support increasing levels of human activity.
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4. In the past, land managers have tended to take too narrow a focus when assessing the
impacts of development on wildlife and natural systems. Such an approach leads to
the incremental deterioration of landscapes and of the ecological processes and
components necessary for the maintenance of biodiversity.

This study focuses on the effects of human activity in the form of transportation,
development and recreation on the effectiveness of movement corridors for bighorn
sheep, elk and grizzly bear. As such, it addresses points 2 to 4 above. The choice of
bighorn sheep, elk and grizzly bear as focal species is discussed in Section 3.1.2.
Because the question of the deterioration of range condition for ungulates has already
received considerable attention, this issue (point 1 above) is not addressed in this study.
For further information on this topic, the reader is referred to the following reports:
Stelfox (1976), Stelfox et al. (1985), Demarchi and Demarchi (1994), Armstrong and
Associates (1993) and Davidson (1994).

1.2

PURPOSE AND OBJECTIVES

The purpose of this study is to develop management recommendations aimed at
preserving or enhancing the effectiveness of movement corridors within the Radium Hot
Springs area for elk, bighorn sheep and grizzly bear. The study focuses on the effects of
present and future human activity and development within the study area.

Specific objectives of the study are to:
1. Identify the habitat and corridor requirements for elk, bighorn sheep and grizzly bear
based on the literature as well as local knowledge.
2. Conduct a detailed inventory of the natural attributes of the study area based on
identified habitat and corridor requirements of the selected focal species.
3. Identify and assess existing and potential constraints to the movements of the focal
species throughout the study area.
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4. Develop a GIS-based methodology for assessing the effects of various management
and planning options on the capacity of the study area to allow for seasonal and
dispersal movements of the selected focal species.
5. Develop management recommendations aimed at enhancing habitat effectiveness and
favouring wildlife movements through the study area. These recommendations will
be tailored to specific stakeholders in the area and take into account existing
legislative and policy frameworks.
6. Promote understanding and support for ecosystem management among the various
stakeholders in the study area.

1.3

THE STUDY AREA

In this section I describe both the physical and human components of the study area.
Physical aspects such as topography, precipitation patterns, and vegetation directly
influence the distribution of wildlife and thus, are central to the study of movement
corridors. Human factors such as land uses, transportation systems and settlement
patterns also have a direct bearing on wildlife use, especially in terms of habitat
effectiveness and connectivity. Moreover, the formulation of effective recommendations
requires an understanding of the jurisdictional framework of the study area as well as of
past and current land use and management policies and practices. Hence, a brief
description of these aspects is also provided in this section.

1.3.1

Location

The study area, which is represented in Figure 1-1, is centred on the town of Radium Hot
Springs in the Rocky Mountain Trench of southeastern British Columbia. It covers an
2

area of approximately 350 km . In a westerly direction, it extends as far as the western
edge of the Columbia River floodplain while to the east, it takes in the Brisco and
Stanford Ranges of the Rocky Mountains. Luxor Creek, a tributary of the Columbia
River located approximately 18 km north of Radium Hot Springs, defines the northern
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Figure 1-1: Map and location of study area in southeast British Columbia.
(Source of base map: Ministry of Energy Mines and Resources Canada 1984).
7

limit of the study area while to the south, the study area extends as far as Stoddart Creek,
which flows into the Columbia River roughly 8 km south of Radium. The study area
covers portions of the Natural Resources Canada 1:50,000 scale topographical map sheets
82J/12, 82K/9and82K716 .

1.3.2

Physiography

The physiography of the study area can be divided into three distinct zones: (1) the
Columbia River floodplain zone, (2) the benchlands zone, and (3) the Rocky Mountain
zone (Marcoux et al. 1997).

The first zone lies on the floor of the Rocky Mountain Trench, a structurally controlled
valley trending in a northwest-southeasterly direction. During Pleistocene glaciations,
this valley was infilled to varying depths with glacial drift (Demarchi 1986). The
Columbia River has since incised itself into the drift. The low stream gradient of the
Columbia River has resulted in the development of a wide floodplain of silty and fine
sandy sediments (Demarchi 1986). Within the study area, this floodplain is located at an
elevation of approximately 800 m.

The second zone, commonly referred to as the "benchlands" by local residents, consists
of low rolling hills east of the floodplain. These hills are the result of a complex
assemblage of remnant morainal deposits (till) and active river and streambed features
(Marcoux et al. 1997). Gravelly glaciofluvial meltwater channel deposits, large,
discontinuous terraces as well as fans are interspersed between these hills and feature
predominantly in this portion of the study area (Demarchi 1986). Elevations within the
benchlands zone range from 800 to 1000 m. Residents of the area further divide this
zone into the upper benchlands, which lie above, or east of, Highway 95, and the lower
benchlands, located between Highway 95 and the Columbia River floodplain.

A n abrupt change of slope, running parallel to the Trench, marks the transition between
the benchlands and the Rocky Mountain zone. This third zone comprises the Brisco and
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Stanford Ranges of Rocky Mountains, which rise up as much as 1800 m above the floor
of the Trench. These northwesterly trending mountains are made up of sedimentary
rocks, primarily limestone, of Cambrian to Devonian ages (Marcoux et al. 1997). During
Cretaceous and early Tertiary time, in an event referred to as the Laramide Orogeny, the
sedimentary layers were uplifted and deformed, resulting in the current mountain ranges
(Demarchi 1986). According to Holland (1976), these ranges are characterized by
complex geologic structures including several faults. The Rocky Mountain zone begins
at an elevation of approximately 1000 m and reaches over 2600 m at the summit of Mt.
Kindersley, located northeast of Radium Hot Springs. Within this zone, slopes are steep
to moderately steep and often covered with morainal and colluvial deposits. Within
narrow river valleys, however, these have been stripped away and replaced with modern
fluvial deposits (Marcoux et al. 1997). Steep rock cliffs as well as areas of rockfall and
avalanching are common features within the alpine portion of the study area.

1.3.3 Hydrology
Figure 1 -2 depicts the main watercourses found in the study area. The dominant
waterway within the study area is the Columbia River, which originates from Columbia
Lake located south of the study area. The river flows in a northwesterly direction through
the study area but further downstream it veers sharply toward the south to drain into the
Pacific Ocean near Portland, Oregon. In 1998, the Columbia was named one of seven
heritage rivers in B C (Rogers 1998). Associated with the river are the Columbia
Wetlands, one of the largest contiguous systems of wetland and riparian habitats in North
America (Jamieson and Hennan 1998). These wetlands stretch for a distance of 180
kilometres and encompass over 20,000 hectares. In 1996, the wetlands were legislated as
a Wildlife Management Area. The purpose of this designation is to "protect the
significant wildlife values and ensure the sustainability of this unique ecosystem, while
allowing a limited number of human activities to take place, such as hunting, fishing,
wildlife viewing, and trapping, subject to the needs of wildlife" (Jamieson and Hennan
1998). The Columbia floodplain ecosystem is of vital importance to many wildlife
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Figure 1-2: Hydrology of the Radium Hot
Springs area, British Columbia.
(Source: B.C. Min. of Environment, Lands and
Parks Terrain Resource Information
Management (TRIM) data - Surveys and
Resource Mapping Branch 1992).
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species, including countless species of birds, which use the wetlands either for breeding
or as a stopover during migration, as well as to wintering elk and white-tailed deer.

A number of small, steeply graded tributaries, emanating from the Brisco and Stanford
ranges on the east side of the Trench, flow into the Columbia River. North of Radium,
the most important of these are Luxor, Kindersley and McCauley Creeks. Part of the
water from Kindersley Creek is diverted into the Vermilion Irrigation Flume, which, at
over 80 years of age, is the oldest working irrigation flume in B.C. The flume serves
over 80 farms and ranches in this part of the Columbia Valley (Kirksland Restoration
Society, yr. unspec). McCauley Creek feeds Baptiste Lake, a small reservoir located on
the benchlands, which acts as the main water supply for the Improvement District of
Edgewater. The McCauley Creek watershed, because of its importance in supplying
water for domestic use, is protected within a special watershed management zone. This
zoning restricts the kind and density of development that is allowed to take place.

Flowing through the village of Radium Hot Springs is Sinclair Creek, another tributary of
the Columbia that flows from the Rocky Mountains. This creek is well known for its hot
springs, which have been a source of delight to innumerable visitors for many decades.
Dry Gulch Creek and Stoddart Creek are the main tributaries of the Columbia River in
the southern portion of the study area.

1.3.4

General Precipitation Patterns

Demarchi (1986) provided a good synopsis of precipitation patterns in the East Kootenay
region and what follows is a summary of that account. Precipitation tends to be lowest in
the Rocky Mountain Trench, which lies in the rain shadow of the Purcell Mountains
located immediately west of the Trench. As a general rule, precipitation increases with
increasing elevation. A n exception to this, however, is that alpine areas generally receive
less precipitation than subalpine areas. This is because maximum precipitation occurs at
the base of clouds.

ii

The depth and density of snow in the East Kootenay vary considerably depending on the
geographic location, and physical orientation and exposure of the landscape. The snow
pack tends to be deeper but of low density on cool, sheltered and/or shady sites.
Conversely, warm, windy and/or sunny sites encourage reduced snow depths while at the
same time increasing snow densities. Elevation also plays an important role in
controlling the amount and duration of snow accumulation on the ground. According to
Demarchi, the average maximum snow depth reaches 35 cm by early March at an
elevation of 1000 m. At 1500 m, this increases to 80 cm by mid-March and at 2500 m
increases to 215 cm by late April. Mean maximum snow depth is typically only 20 cm in
January in Cranbrook, which lies on the floor of the Columbia River Valley to the south
of the study area.

1.3.5

Biogeoclimatic Zones

Four elevation-based vegetation zones are found within the study area: the Interior
Douglas-fir zone, the Montane Spruce zone, the Engelmann Spruce-Subalpine Fir zone
and the Alpine Tundra zone (Figure 1-3).

1.3.5.1 Interior Douglas-Fir Zone (IDF)

1

The IDF zone dominates the low-to mid-elevation landscape of south-central B.C and
includes the rolling and valley terrain of the southern Rocky Mountain Trench. This zone
covers approximately 35% of the study area (Fig. 1-3). Two subzones of the IDF are
present within the study area: the Kootenay undifferentiated subzone (IDFun) and the
Kootenay Dry mild subzone (IDFdm2). The former subzone occurs elevationally from
the Columbia floodplain up to the IDFdm2 and extends as far north as Edgewater. The

1

After Hope et al. (1991a), unless otherwise indicated.
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Figure 1-3: Biogeoclimatic zones in the
Radium Hot Springs area, B.C.
IDF = Interior Douglas-fir Zone
MS " Montane Spruce
ESSF = Englemann Spruce - Subalpine Fir
Zone
A T = Alpine Tundra Zone
(Source: Marcoux et aL 1995)
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latter subzone is found at elevations of 800-1200 m on warm aspects and between 800
and 1100 m on cool aspects (Braumandl and Curran 1992, in Marcoux et al 1997).

The climate in the IDF is characterized by warm, dry summers, a fairly long growing
season and cool winters. Mean annual temperature is 1.6-9.5°C. The average
temperature is below 0°C for 2-5 months while it is above 10°C for 3-5 months. The
climate is primarily controlled by the rain shadow effect created by a number of mountain
ranges, which intercept moisture from the prevailing east-flowing air originating from the
Pacific Ocean. Mean annual precipitation for this zone ranges from 300 to 750 mm.
Twenty to fifty percent of the precipitation falls as snow.

Much of the IDF landscape is covered by open to closed, mature forests containing
Douglas-fir (Pseudotsuga menziesii). The canopy of these Douglas-fir stands is often
open due to ground fires, which were common historically. These fires tended to favour
the survival of mature trees with thick bark. North of Radium, Christmas tree farming
has led to the removal of large, mature Douglas-fir trees leaving open stands of small
trees interspersed with a variety of shrubs and grasses. Throughout the IDF, Western
larch (Larix occidentalis), lodgepole pine (Pinus contortd) and trembling aspen (Populus
tremuloides) are common successional species. On dry sites at lower elevations, Rocky
Mountain juniper (Juniperis occidentalis) is occasionally found.

Large grassland communities also feature prominently in the IDF landscape. These are
primarily the result of the historic fire regime in combination with edaphic and
topographic conditions. Past overgrazing on these grasslands has caused a shift from
bunchgrasses (fescues and bluebunch wheatgrass) toward less palatable "increaser"
species such as silky lupine (Lupinus sericeus), timber milk-vetch (Astralagus miser),
and yarrow (Achillea millefolium) as well as weedy "invader" species such as cheatgrass
(Bromus tectorum), cut-leaved daisy (Erigeron compositus) and salsifies (Tragopogon
spp.).
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Species found within the Columbia floodplain include: sedges (Carex spp.), rushes
(Scirpus spp.), cattails (Typha spp.), willows (Salix spp.) black cottonwood (Populus
balsamifera tricocarpa), and red-osier dogwood (Cornus stolonifera) (Marcoux et al.
1997).

1.3.5.2 Montane Spruce Zone (MS)

2

The M S occurs elevationally above the IDF and below the ESSF - that is, between 1200
and 1650 m on warm aspects and between 1100 and 1600 m on cool aspects (Braumandl
and Curran 1992, in Marcoux et al 1997). The M S is limited to the bottoms of secondary
drainages and covers only 22% of the study area (Fig. 1-3).

The M S has a cool, continental climate characterized by cold winters and moderately
short, warm summers. Mean annual temperature is 0.5-4.7°C. The average temperature
is below the point of freezing for 5 months and above 10°C for 2-4 months. This zone
receives on average 380-900 mm of precipitation.

Hybrid white spruce, a cross between white spruce (Picea glauca) and Engelmann spruce
(Picea engelmannii), as well as subalpine fir (Abies lasiocarpa) are the dominant, shadetolerant climax trees in the MS. However, lodgepole pine is also very common as a
successional species following fire. Plant species commonly found in the understory
include: Utah honeysuckle (Lonicera utahensis), grouseberry (Vaccinium scoparium),
pinegrass (Calamagrostis rubescens), false azalea (Menziesia ferruginea), bunchberry
(Cornus canadensis) and mosses (Demarchi and Demarchi 1994).

1.3.5.3 Engelmann Spruce-Subalpine Fir Zone (ESSF)

3

The ESSF, which occurs elevationally above the M S and below the Alpine Tundra zone,
is extensive in the study area, covering approximately 42% of it (Fig. 1-3). The two
subzones present within the study area are the Dry Cool subzone (ESSFdk), which occurs
2

After Hope et al. (1991b), unless otherwise indicated.
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at elevations between 1650 and 2100 m on warm aspects and between 1600 and 2100 m
on cool aspects, and the Dry Cool Parkland subzone (ESSFdkp), which occurs at
elevations above 2100 m to approximately 2400 m (Braumandl and Curran 1992, in
Marcoux et al 1997).

The climate in the ESSF is relatively cold, moist, snowy, and of continental nature.
Within this zone, growing seasons tend to be short and cool while winters are typically
long and cold. Mean annual temperatures range from - 2 to +2°C. Mean monthly
temperatures remain below 0°C for 5-7 months, and above 10°C for less than 2 months.
Although wetter portions of this zone receive up to 2200 mm of precipitation annually,
drier areas receive only 400-500 mm. Fifty to seventy percent of the precipitation in the
ESSF falls as snow, creating snow packs varying from 1 to 4 m.

The dominant climax trees in the ESSF are Engelmann spruce and subalpine fir. While
the lower and middle elevations of this zone are covered by continuous forest, the upper
elevations are characterized by subalpine parkland - a mosaic of clumps of trees, heath,
meadow and grassland. As in the M S , lodgepole pine is a widespread successional
species after fire. Other tree species found in this zone include whitebark pine (Pinus
albicaulis), limber pine {Pinus flexilis) and alpine larch (Larix lyallii). Snow avalanche
chutes are a common feature in the mountainous portions of the ESSF and are
characterized by a tangle of tall shrub, mainly sitka alder (Alnus crispa sinuata), and
herbaceous species such as: arrow-leaved groundsel (Senecio triangularis), Indian
hellebore (Veratrum viride), cow parsnip (Heracleum lanatum), lady fern (Athyrium felixfemina), western meadowrue (Thalictrum occidentale), stinging nettle (Urtica diocica)
and sedges (Carex spp.).

3

After Coupe et al. (1991), unless otherwise specified
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1.3.5.4 Alpine Tundra Zone (AT)

4

In the East Kootenay, the A T occurs at elevations above 2400 m (Braumandl and Curran
1992, in Marcoux et al 1997). Within the study area, this zone is confined to the highest
elevations along the eastern boundary and thus, represents less than 1% of the study area
(Fig. 1-3). The climate in the A T is harsh; characterized by cold, windy and snowy
conditions. Mean annual temperature ranges from -4 to 0°C. The average temperature
remains below freezing for 7-11 months. The average monthly temperature never
exceeds 10°C. The A T receives on average 700-3000 mm of snow, 70-80% of which
falls as snow.

While the A T is by definition treeless, tree species in stunted or krummholz form are
common at lower elevations. On the whole, however, A T vegetation consists primarily
of an assemblage of dwarf shrubs, herbs, bryophytes, and lichens. Common shrubs
include: dwarf willows (Salix spp.), mountain-heathers (Cassiope and Phyllodoce spp.),
bearberry {Acrtostaphylos uva-ursi) and crowberry (Empetrum nigrum).

1.3.6

Wildlife

Due to strong elevational and moisture gradients, the area around Radium Hot Springs
contains an exceptional diversity of habitats, which are used by a wide range of wildlife
species including six species of ungulates, several species of large to mid-sized
carnivores and an array of small mammals, birds, herptiles and fish. Ungulate species
present in the study area include mountain goat, bighorn sheep, elk, mule deer, whitetailed deer, and moose. Grizzly bear, black bear, cougar, bobcat, wolf, coyote and badger
represent the principal large to mid-sized carnivore species present.

Descriptions of the status, distribution and ecology of elk, bighorn sheep and grizzly bear
are provided in Sections 2.1, 2.2 and 2.3, respectively. In addition, Appendix 1 provides
4

After Pojar and Stewart (1991), unless otherwise stated.
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a brief synopsis of the status and distribution of the other large to mid-sized mammalian
species known to exist within the study area. Although the latter were not considered in
the modeling portion of the project, their existence within the study area was taken into
consideration when developing the management recommendations presented in Section
7.

1.3.7

Land Ownership

Figure 1-4 displays the distribution of land ownership within the study area. As this map
demonstrates, the study area includes lands that fall under a number of jurisdictions.

Federal land accounts for 34.8% of the study area and comprises mostly higher elevation
lands of the Brisco and Stanford ranges contained within Kootenay National Park. This
land was ceded to the federal government by the province of British Columbia in 1919 in
return for building the Banff-Windermere road, now known as Highway 93 (Parks
Canada 1979).

Approximately 38% of the study area is provincial Crown land (pink colour in Fig. 1-4).
Significant extents of provincial Crown land are found north and east of Edgewater while
a few isolated parcels exist in the Radium area. A n additional 7.3% of the study area,
while also under provincial jurisdiction, is depicted by a different colour (blue) in Figure
1 -4 because of its special status as the Columbia Wetlands Wildlife Management Area.
Dry Gulch Provincial Park (light green in Fig. 1-4) has an area of approximately 29 ha
and accounts for only 0.08% of the study area.

As is evident from Figure 1-4, a large portion of the study area, 18.7%, is under private
ownership. These lands are regulated by either the municipality of Radium or the
Regional District of East Kootenay. Another significant landowner is CP Rail, which
owns the rail right-of-way.
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Table 1-1 lists the major stakeholders who have jurisdiction over the land base in the
study area and provides a brief description of their respective responsibilities as they
relate to this project.

Table 1-1: Major stakeholders in the area of Radium Hot Springs, B.C. and their responsibilities.

Stakeholder

Responsibilities

Parks Canada

Manages all lands within Kootenay
National Park boundaries. Responsible for
the maintenance of Highway 93 within
Park boundaries.

Regional District of East Kootenay
(RDEK)

Oversees the management of private lands
that do not fall within the boundaries of an
incorporated municipality. Includes lands
within the Agricultural Land Reserve as
well as lands within the Improvement
District of Edgewater.

Village of Radium Hot Springs

Oversees lands contained within the
municipal boundaries of Radium Hot
Springs

Private Landowners

Manage private lands, either under the
umbrella of the R D E K or the municipality
of Radium.

B.C. Ministry of Transportation and
Highways

Responsible for the maintenance of
Highway 95 and the southern end of
Highway 93 as well as other public roads.

B.C. Ministry of Forests

Oversees all timber operations on
provincial lands, in this case specifically in
the Kindersley, Pinnacle and Luxor Creek
drainages.
Responsible for the maintenance of forestry
roads, such as the Kindersley Creek
Forestry Road.

B.C. Min. of Environment, Lands and
Parks

Oversees management of Wildlife
Management Areas such as the Columbia
Valley Wetlands W M A .
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Figure 1-4: Land Ownership in the Radium
Hot Springs area, B.C.
(Source: Jamieson and Hennon 1998)
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1.3.8

Land Use Patterns and Human Activities

1.3.8.1 Transportation Systems
The municipality of Radium Hot Springs is located at the intersection of two major
transportation routes (Fig. 1-1). Highway 95, a two-lane paved highway, runs along the
east benches of the East Kootenay Trench and links communities both north and south of
Radium. According to B.C. Ministry of Transportation and Highways traffic data,
between 1994 and 1998, the summer average daily traffic level on this road was
approximately 2700 vehicles north of Radium and 7700 south of Radium. On a yearround basis the daily averages were lower, at 2200 and 4800, respectively.

Highway 93 bisects the entire length of Kootenay National Park and runs in an east-west
direction through the study area along the Sinclair Canyon before terminating in Radium
where it connects with Highway 95. According to Parks Canada traffic data, between
1993 and 1997, the summer average daily traffic volume at the south end of Highway 93
was approximately 5600 while the year-round daily average was roughly 2800.

A railway, the CPR Windermere Subdivision, is located within the Columbia River
floodplain and parallels Highway 95. According to the regional CPR trainmaster, an
average of 10-12 trains use this line every 24-hours. A number of secondary roads are
also found in the study area, especially in the lower elevations. These roads are mainly
associated with forestry operations or with residential areas. Traffic levels for these
secondary roads are discussed in Section 4.1.

1.3.8.2

Agriculture

Cattle ranching is the main agricultural activity in the East Kootenays (CORE 1994).
Demarchi (1986) provided a good overview of the long history of livestock grazing in
East Kootenay region. The remainder of this paragraph is a summary of this overview.
Cattle were introduced in the Rocky Mountain Trench during the mid 1800s. From the
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mid to the late 1800s, settlement and homesteading increased and cattle, horse and
domestic sheep grazing occurred on Crown ranges without control and without
government license. In the 1930s, a permit system was introduced for grazing on Crown
land. In the 1940s and 1950s, sheep and horse grazing were essentially phased out in
favour of cattle grazing. Conflicts between wildlife and livestock interests became acute
in the 1960s as competition for an unmanaged forage resource reached a peak. Finally, in
the 1970s, the provincial government implemented a deferred rotation grazing program as
well as Coordinated Resource Management Planning (CRMP), both of which led to much
better management of the forage resource. However, gains in productivity and quality of
range made through the CRMP process have gradually been eroded through forest
encroachment and land alienations (Davidson 1994).

At present, most of the livestock in the East Kootenay region graze during the summer on
Crown land provided through range permits (CORE 1994). Livestock grazing is largely
concentrated in the East Kootenay Trench. Within the study area, however, livestock
have been excluded from Crown range, especially on lands recognized as bighorn sheep
winter range, such as in the Stoddart Creek drainage. Past overgrazing has greatly
diminished the condition of the Crown ranges in the study area. Stelfox et al. (1985)
described the condition of these ranges as poor to fair with a slightly downward trend.

A limited amount of farming takes place at lower elevations within the study area.
Forage crops are grown on the private land base and stored for winter livestock feeding
(CORE 1994). Hayfields are located in and around the community of Edgewater and
near the mouth of Luxor Creek, at Spur Valley.

1.3.8.3 Forestry

Wood fiber production is another land management objective within the Trench, although
most lands are not highly valued for timber. Forestry began in the East Kootenay in 1887
with the opening of a sawmill in Canal Flats, in the Columbia River Valley south of
Radium (Demarchi 1986). The East Kootenay region was an important supplier of
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railway ties for the expanding railway network in western Canada. Timber was also
needed for canal construction, mining operations and the construction of homes for
immigrants to western Canada (CORE 1994).

Within the study area, the harvesting of mature trees occurs on a small scale and is
concentrated in the Pinnacle, Luxor and Kindersley drainages. Several cutblocks in the
Pinnacle and Kindersley Creek drainages attest to past logging activities. However, the
only harvesting taking place at the time of this study was salvage logging of beetle-killed
stands in the Luxor Creek drainage (S. Ostrander, pers. comm. July 1998). A relatively
large lumber mill, operated by Slocan Forest Products Ltd., is located in Radium Hot
Springs at the mouth of Sinclair Creek.

Mature trees are not the only trees of economic importance in East Kootenay. Immature
Douglas-fir trees are harvested as Christmas trees. This practice dates back to the 1940s
when Crown land was sold to local farmers and large American-based companies for the
purpose of establishing permanent Christmas tree farms (Demarchi 1986). The Kirk
Forest Products company operated one such Christmas tree farm, which, until recently,
covered over 5,000 hectares of land immediately north of Radium Hot Springs.
While Christmas tree farming still takes place on this land, in 1998 it became the property
a land development company. Pressure to develop this land for recreational and
residential purposes is acute. However, the land lies within the Agricultural Land
Reserve (ALR), a zoning designation that does not allow land to be subdivided into
parcels smaller than eight hectares. A landowner may, however, submit an application to
the government to withdraw land from the A L R . If such an application is accepted,
development may be permitted to take place.

1.3.8.4 Settlement

Figure 1-1 depicts the location of the main settlements in the study area. Radium Hot
Springs, incorporated in 1990, is the largest community present with a population, in
1996, of 530 (Radium Hot Springs 2000). Radium serves as a gateway community to
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Kootenay National Park and as such, receives a considerable number of visitors,
especially during the summer months. Traditionally, the town has been characterized by
the presence of numerous small, family-owned motels and hotels. In recent years,
however, tourism development in Radium has become more upscale, including golf
resorts, hotels and higher-end housing developments.

Approximately 10 km north of Radium lies the Improvement District of Edgewater, an
unincorporated community home to 588 residents (K. Gilbert, pers. comm. May 2000).
As well, a small cluster of development, referred to as Spur Valley, is found at the mouth
of Luxor Creek at the north boundary of the study area. Here, a seasonal camping resort
and cabins designed for year-round occupancy are located on the east side of the
highway, within the Luxor Creek valley.

Up until very recently, the existence of the large Kirk Forest Product Christmas tree farm
has kept the area north of Radium relatively open and free of development. South of
Radium, however, development is more prevalent. In fact, between Radium and the
southern limit of the study area, an eclectic assemblage of homes, campgrounds, R V
parks and small-scale recreational venues form a more or less continuous strip of light
development along the highway. Larger clusters of development exist at the Springs at
Radium Golf Resort and at Dry Gulch. The former includes a golf course along with a
number of permanent residences and temporary accommodation for visitors. The latter is
primarily a small agglomeration of residential dwellings.

1.3.8.5 Recreation and Tourism

The East Kootenay region supports a diverse year-round tourism industry, which is
largely concentrated in the Invermere area. Traditionally, as far back as the opening of
the Banff-Windermere road in 1922, visitors have been attracted to the region by the hot
springs at Radium and Fairmont, by the spectacular scenery of the region and by hunting
and fishing opportunities (CORE 1994). In 1994, tourism accounted for 31% of the
employment income in the Invermere-Columbia Valley area (CORE 1994).
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The area surrounding Radium Hot Springs offers a host of outdoor recreational
opportunities. In the summer, golfing, hiking, backpacking, horseback riding, mountain
biking, hunting, fishing, as well as soaking in the Radium hot springs are popular
activities enjoyed by local residents and visitors alike. Most of these activities have been
taking place for decades, both within the Kootenay Park as well as on provincial and
private land in the Columbia Valley. More recently, golfing has been become a major
draw to the area. Since the early 1990s, at least three golf courses have been developed
within the study area.

Because of limited snowfall, winter activities in the immediate vicinity of Radium Hot
Springs are somewhat limited. The hot springs at Radium are open year-round although
use levels during the winter are much lower than in summer. There is some crosscountry skiing at Edgewater, where a local ski club maintains a modest set of groomed
trails. Also, some snowmobiling by local residents takes place around the community of
Edgewater. According to key informants, however, more favourable conditions for
winter sports are found on the west side of the Trench, which receives more precipitation
in the form of snow.

1.3.8.6 Protected Areas

Within the study areas the most important tract of protected land consists of the southern
portion of Kootenay National Park. This park was established in 1922 so that the federal
government could justify monies being spent on building the Banff-Windermere road
across the Rockies (Demarchi 1986). While the East Kootenay boasts a park reserve
totaling almost 900,000 hectares, very little of this protected land lies within the Rocky
Mountain Trench (Demarchi 1986). Provincially, the IDF biogeoclimatic zone is more
than 90% fragmented and less than 1% protected, placing it among the most threatened
ecosystems in the province (Void 1992, in Apps 1996). A small park within the study
area, Dry Gulch Provincial Park, is one of few protected areas located in the IDF. Its
very small size, however, gives it limited value in terms of habitat conservation for large
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mammals. Moreover, Demarchi (1986) points out that not one of the twelve larger parks
in the East Kootenay region was designed to reserve land for the ecosystem of an
ungulate population; park boundaries often dissecting ungulate summer or winter ranges.
A case in point is the southwestern Kootenay National Park boundary, which excludes
critical winter ranges for bighorn sheep.

1.3.8.7 Wildlife Uses

Consumptive wildlife uses in the East Kootenay include hunting, fishing and trapping. A
few trap lines exist within the study area. Within the Columbia Wetlands, beaver, otter,
mink, muskrat and coyote are trapped while at higher elevations, marten is the main
species targeted (W. Price and B. Mitchell, pers. comm. August 1998). As well, big
game hunting is a popular activity in the area, involving both resident and non-resident
hunters. Most hunting focuses on ungulates such as elk, deer and bighorn sheep.
However, cougar and black bear are also sought-after game species. Whereas residents
of British Columbia need only a permit to hunt big game, non-residents normally must be
accompanied by a big game guide-outfitter.

Non-consumptive wildlife-related activities are an important form of recreation in the
study area. Wildlife viewing is very popular as the study area offers tremendous
opportunities for viewing a wide range of species including waterfowl and large
mammals. Other non-consumptive uses of wildlife include photography and nature
study.
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2

B A C K G R O U N D INFORMATION

This section provides an overview of information considered essential to a modeling
exercise such as the one undertaken within the context of this study. The status and
ecology of the study's focal species - elk, bighorn sheep, and grizzly bear - are described
in Sections 2.1, 2.2 and 2.3, respectively. In Section 2.4,1 provide an overview of past
and current GIS-based approaches to habitat and corridor modeling. Additional
background information, deemed less central to this research effort, was placed in
appendices at the end of this report. For example, Appendix 1 covers the status and
distribution of non-focal species within the study area. Appendix 2 provides information
on wildlife and land-use planning while Appendix 3 discusses theoretical and
management considerations pertaining to wildlife movement corridors.

2.1

ELK

2.1.1 Status, Distribution and Management
Elk were considered only a decade ago to be the most plentiful and widely distributed
ungulate species in the East Kootenay (Demarchi 1986). However, elk numbers appear
to have sharply declined in recent years. Raedeke (1998) explained that by the late 1980s
there were an estimated 30,000 elk in the East Kootenays and complaints regarding
damage to agricultural crops and lands were high. These complaints, coupled with
concerns about potential habitat degradation, led to the initiation of more liberal elk
hunting seasons to reduce the elk population by one third. By 1992, the elk population
was down to 20,000. However, even after the initial target had been reached, the
population continued to decline and in 1998, it was estimated at 16,500 (Raedeke 1998).

Within the boundaries of Kootenay National Park (KNP), a similar decline has been
observed. Maximum counts of elk in K N P averaged 384 from 1962-69, 268 from 197179 and 244 from 1980-82 (Poll et al. 1984). In 1984, the elk population in the park was
estimated at approximately 300-350 animals (Poll et al. 1984). In 1996, however, the
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maximum count for KNP was estimated at a mere 65 individuals (A. Balzar, pers.
comm., in Ghikas year unspec).

According to most observers, this decline is attributable to a variety of causes. Possible
contributing factors include overharvesting, highway mortality, declining habitat
suitability due to forest encroachment on grasslands, and winter severity (especially
1996-97) (Raedeke 1998, D. Ghikas, pers. comm. July 1998).

Demarchi (1986) described elk as being a highly mobile species, capable of using a wide
variety of habitats. According to this same source, elk can be found in almost all habitats
in the East Kootenay except boulder fields, glaciers, cliff faces and the upper limits of
Alpine Tundra zone. Like bighorn sheep, elk tend to use higher elevation habitats in the
summer and are forced, due to snow accumulation, to retreat to valley bottoms in winter.

The elk is not considered threaten or endangered in British Columbia. However, it is
considered a species of regional management concern, primarily because of its economic
value in terms of big game hunting and wildlife viewing as well as declining numbers in
recent years (L. Ingham, pers. comm. August 1998). In 1998, elk hunting in the study
area was restricted to bulls with the hunting season spanning from September 10 to
October 20 (B.C. Ministry of Environment, Lands and Parks 1998a).

2.1.2 Seasonal Ranges
Unlike the Radium bighorn sheep herd, which has been the subject of several major
ecological studies in recent decades, the seasonal ranges and habitat use of elk within the
study area have never been formally documented (B. Forbes, pers. comm. May 1999).
Elk studies and surveys have been conducted by Parks Canada but these studies focused
primarily on elk in the Kootenay River valley which, for the most part, appear to
constitute a distinct population from elk found in the Columbia valley. Indeed, Gibbons
(1978) noticed that most elk found in KNP remained inside park boundaries all year,
although in winter a small number migrated south along the Kootenay River, exiting the
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park to the south of the present study area. Poll et al. (1984), in a comprehensive
inventory of K N P wildlife, provided detailed information on elk distribution and habitat
use within K N P boundaries but little or no mention was made of elk use outside park
boundaries in the Columbia valley. Conversely, elk studies carried out on provincial
lands have tended to focus on the greater East Kootenay region, providing very little
specific information on elk in the Radium area.

2.1.2.1 Winter Range
Demarchi (1986) described elk winter range in the East Kootenay region as low elevation
lands consisting of grasslands and pioneer serai shrub communities on rolling to
moderately sloping terrain with medium to dense forest cover or well developed riparian
areas. Snow accumulation appears to be a major determinant of the extent of winter
range (Poll et al. 1984, Adams 1982). With the onset of winter, elk migrate from lower
subalpine summer ranges to major valley bottoms where snow accumulation is lowest
(Van Egmond 1990). According to Adams (1982), studies have shown that elk prefer
areas with snow depths of less than 46 cm.

In terms of the present study, two winter ranges are of particular interest. The first one
consists of the Columbia wetlands and associated benchlands, which serve as winter
range for 90% of the elk in the Upper Columbia basin (Jamieson and Hennan 1998).
Recent aerial surveys indicate that approximately 500 elk winter in the Columbia
Wetlands, primarily on the alluvial fans of tributary streams south of Parson, a
community located just north of the study area (Jamieson and Hennan 1998). According
to Canada Land Inventory Maps, winter habitat capability in the wetlands is rated as
Class 2, 3 and 4 for elk while on the benchlands, capability is higher, receiving a rating of
Class 1. However, although the benchlands have high capability for ungulates, present
suitability is low due to past and current land-use practices, such as fire suppression,
grazing and Christmas tree farming (L. Ingham, pers. comm. June 1998).

The second winter range of interest is that of the Kootenay valley within KNP. This
winter range extends from the park's northern boundary on the Kootenay River south to
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approximately the junction of the Palliser and Kootenay Rivers (Gibbons 1978). While
this winter range lies outside the present study area to the northeast, it is important in
terms of potential movement corridors connecting the Kootenay valley elk population to
that wintering in the Columbia valley. In Section 2.1.4.1,1 discuss in more detail the
likelihood of dispersal movements between these two elk populations.

2.1.2.2 Summer Range
In his study of elk in the Rocky Mountain of Alberta, Morgantini (1988) observed that in
summer, elk dispersed widely over hundreds of square kilometres of mountainous terrain.
Morgantini described how large herds, with well-defined movement patterns, used high
subalpine and alpine ranges at the headwaters of several tributaries of the major
drainages. Demarchi (1986) made similar observations regarding elk in the East
Kootenay area, describing summer range as widely dispersed and consisting primarily of
subalpine basins and valleys with avalanche chutes and floodplains. Demarchi also noted
that nearby timber cover and wet seeps, springs or bogs were especially important. The
dry forests of the Trench, which are used as winter ranges, are generally vacated during
the summer although the cultivation of alfalfa crops has enhanced the summer range
capability for elk in the Trench even though the inherent natural summer capability is low
(Demarchi 1986).

Pellet counts conducted within K N P revealed that, in summer, elk use was greatest in the
Subalpine Ecoregion (56.4 groups/ha), followed by the Montane (39.5 groups/ha) and the
Alpine (2.6 groups/ha) (Poll et al. 1984). This study also revealed that elk occupied a
variety of habitats in all three of these ecoregions during summer, with a preference for
Lower to Upper Subalpine avalanche shrub and herb meadow vegetation types adjacent
to moist Engelmann spruce-subalpine fir closed and open forest.
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2.1.2.3 Spring and Fall Ranges

The following description of spring and fall ranges is extracted from Poll et al. (1984). In
spring, elk prefer Montane valley bottoms and southerly-westerly aspects where green-up
occurs earliest. Highest use is on fluvial and morainal ecosites with lodgepole pine,
spruce, aspen-pine and Douglas-fir forests in association with herb meadow and
grassland openings. There is also heavy use of the grassy highway right-of-way and
human-made clearings.

As snowmelt progresses, elk disperse to higher elevation glacial, fluvial and colluvial
ecosites with Engelmann spruce-subalpine fir forests, lodgepole pine forest and steep,
open avalanche slopes with shrub and herb meadows. Complexes of open meadows and
dense forest are preferred.

During the rut, (September to mid-October) elk are most common in forested areas in the
Lower Subalpine and Montane Ecoregions, as well as along Lower Subalpine avalanche
slopes.

2.1.3 Habitat Use
2.1.3.1 Basic Requirements
According to Skovlin (1982), elk habitat has four basin components - food, cover, water
and space.
2.1.3.1.1

Forage

The elk's food sources consist of grasses, sedges, forbs and browse from shrubs and
saplings (Boyd 1978, Van Deelen et al. 1997). Nietfeld et al. (1985) described, in general
terms, the relative contribution of each of these food courses throughout the year.
Generally speaking, grasses are preferred throughout the year. Sedges are used
extensively, particularly in the summer. Forbs are used in early and mid-summer and
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fall. Deciduous shrubs and saplings are browsed mainly in late summer, fall and winter.
Cover types that are most productive in terms of forage include grassland, parkland and
shrubland (Nietfeld et al. 1985).

The diet of elk within the present study area has not been studied and therefore it is
difficult to make specific comments on this subject. However, some information may be
extrapolated from Woods' (1991) and Morgantini's (1988) work on elk in Banff National
Park. In the Bow River drainage, Woods (1991) found that grasses and sedges were
major components of elk diets in subalpine and montane habitats throughout the year. In
both habitats, use of shrubs peaked during the summer months when shrubs were in leaf.
Elk used forbs less that they did grasses, sedges and shrubs. Buffaloberry (Shepherdia
canadensis) was the main shrub used, almost exclusively in summer and fall when
Shepherdia was in leaf. The same use pattern was found in K N P (D. Poll, pers. comm. in
Woods 1991). In the Red Deer, Panther and Clearwater drainages of Banff National
Park, Morgantini (1988) observed that grass was the main source of forage, making up
90% of elk diets in winter, 71% in spring and 72% in fall. In summer, willows made up
89% of the diet. Morgantini (1988) stipulated that seasonal changes in diet composition
and quality reflected an attempt by elk to maximize digestible energy intake in winter and
nitrogen intake in summer.
2.1.3.1.2

Cover

Cover is defined as "any structural feature of the environment that is used for protection
from the environment (thermal cover) or from predators (security cover)" (Boyd et al.
1986).

According to Skovlin (1982), thermal cover is important to elk for maintaining an energy
balance between fixed body-temperature demand and extremes in ambient temperature.
In the Blue Mountains of Oregon, thermal cover for elk on summer range was defined as
any stand of coniferous trees 12 m or more tall, with an average canopy closure > 70%
(Thomas et al. 1979). The optimum size of stands for elk thermal cover on summer and
spring-fall ranges is estimated to be 12-24 hectares (Thomas et al. 1979). Although
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thermal cover is generally recognized as important habitat component for elk, some
researchers believe it may not be an essential requirement for elk (Boyd 1978,
MacCallum, pers. comm. May 1999). In support of this idea, Boyd (1978) cited a study
of Rocky Mountain in which elk were found bedded down either on open hillsides or in
heavy spruce-fir timber during heavy snowstorms. As well, Cook et al. (1998)
demonstrated empirically that thermal cover had no positive effect on condition of elk.

Hiding cover is a feature of habitat that provides elk security or a means of escape from
the threat of predators or harassment. It is generally defined as vegetative structure
sufficiently dense to hide 90% of an elk from view at a distance of 60 m (Van Deelen et
al. 1997, Thomas et al. 1979). According to Thomas et al. (1979), the optimum size for
hiding cover for elk is 12 to 20 ha. Although hiding cover is usually formed of
vegetation, it may also be a topographic feature such as a drainage corridor (Skovlin
1982). According to a study in Montana cited by Skovlin (1982), cover is used most
heavily when adjacent to wet areas such as meadows, streams and springs.

The use of hiding cover appears to be related to the degree of human harassment.
Skovlin (1982) wrote that the use of hiding cover is minimal during late June and early
July, probably because human harassment is relatively infrequent on remote summer
ranges. According to Skovlin (1982) use of cover tends to diminish with the onset of
winter. Consistent with this, Morgantini (1988) observed that in winter, elk were mostly
found in open grassland meadows along major river valleys. Coniferous and deciduous
forests, and low elevations shrublands were largely used for cover in areas of high human
activity, or for escape. Jones (1997) reported that, in winter, elk utilized the grassmeadow habitat in greater proportion than its availability.
2.1.3.1.3

Water

Like all living organisms, elk need water. Boyd (1978) wrote that water does not seem to
be lacking in any of the elk habitats in North America. However, elk appear to
consistently make high use of riparian habitats (Scott 1976, Marcum 1976, Thomas et al.
1979, Skovlin 1982). Skovlin (1982) speculated that the preference of elk for riparian
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areas may be a result not only of their need for open water but also of their high
preference for succulent forage, which is commonly associated with riparian areas.

2.1.3.2 Factors Affecting Habitat Selection

Elk are considered ecological generalists because of their ability to adapt to and
successfully colonize a diversity of habitats (Jones 1997). Hudson et al. (1976), in a
study of the spatial distribution of ungulates in southeastern British Columbia, observed
that of the several ungulate species studied, elk were the most widely distributed and
showed the least apparent response to measured environmental parameters. According to
Skovlin (1982), elk habitat selection is conditioned by topography, weather, biological
factors of forage and vegetational cover, and escape from predators, insects and
recreationists. Because of the interrelatedness of these factors, it is difficult to identify
the factor or set of factors that causes elk to select one area over another (Skovlin 1982).
Morgantini (1988) remarked that while the distribution and abundance of critical
resources primarily determine habitat selection, there is evidence that learning,
experience, and cultural transmission also play an important role.
Below I review various factors that are generally believed to affect habitat selection by
elk. Understanding these factors is critical to modeling habitat and movement corridors.

2.1.3.2.1

Aspect

Huber (1994) described aspect as a significant habitat influence, probably because of its
strong influence on the distribution of vegetation communities. Some authors have
generalized that north-facing slopes are preferred in summer and fall whereas in spring
and winter, south-facing slopes are preferred (Nietfeld et al. 1985) due to warmer
conditions and the presence of less snow (Thomas et al. 1979, Van Tighem 1985).

However, empirical studies of habitat selection by elk have shown significant variability
as to the role of aspect in habitat selection by elk. Huber (1994) found aspect had almost
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no affect on the use of habitat by elk. Similarly, Scott (1976) observed neither a strong
preference nor avoidance of any particular aspect although west through north aspects
were used slightly in excess of their availability during summer and spring and westerly
aspects were somewhat preferred during fall and winter. Schuerholz (1982), in his study
of an East Kootenay elk population using pellet group analysis, reported a distinct
preference by elk for southeast facing slopes and low use of northern slopes. The same
study revealed that the most commonly used aspects by elk in summer and winter were
east-southeast, east and south-southwest. In western Montana, Scott (1976) observed a
concentration of use on westerly aspects in spring while in summer, elk use shifted to
more northerly aspects. Also in western Montana, Marcum (1976) observed that during
summer and fall, slopes on southwest and south aspects were generally selected for. On
Premier Ridge in southeastern British Columbia, Hudson et al. (1976) found that during
spring, aspect was an important determinant of habitat selection, with elk seeking
southwest exposures.

2.1.3.2.2

Slope

Slope appears to be a significant factor in habitat selection by elk. According to Skovlin
(1982), most studies showed the greatest amount of use on moderate slopes, followed
with less use on gentle slopes and the least amount of use on steep slopes. More
specifically, Skovlin generalized that elk use gradually increases with steepness of slope
to a maximum of 17 to 22 degrees (30-40%) with the most frequently used slopes in the 8
to 17 degree (15-30%) range. A threshold in slope use appears between about 22 to 37
degrees (40-50%), after which elk use tends to diminish sharply. Little use occurs on
slopes of more than 42 degrees (90%). However, Skovlin cautioned that some studies
showed variability in slopes used by elk among seasons and among years.

The results of individual studies appear to be consistent with Skovlin's generalizations.
Scott (1976) reported that spring and summer elk use of slopes >30 degrees (58%) was
significantly less than availability. However, these slopes were found at lower elevations
and were used during fall and winter. Elk did not seem to discriminate between gentle
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(0-15 degrees or 0-27%) or moderate (15-30 degrees or 27-58%) slopes. Huber (1994)
observed that steeper slopes were avoided consistently whereas almost 97% of the
sightings were on slopes of 15 degrees (27%) or less. In the East Kootenay, elk seemed
to select slopes of 0-5 degrees (0-9%) in summer and 21-35 degrees (38-70%) on
summer/winter range (Schuerholz 1982). Marcum (1976) reported that gentle (0-15
degree or 0-27%) slopes were consistently selected for while moderate slopes, (15-30
degrees or 27-58%) were used, but not selected for. Slopes greater than 30 degrees
(58%) received considerably less use. On spring, summer, and autumn ranges in the
Wasatch Mountains in Utah, Julander and Jeffrey (1964 in Nietfeld et al. 1985) found
that elk use gradually increased on slopes up to 17 degrees (30%), after which a sharp
drop in use occurred. Another study in Montana found higher elk use on moderate slopes
(8-17 degrees or 15-30%) than on slopes greater that 17 degrees (30%) or less than 9
degrees (15%) (Zahn 1974, in Nietfeld at al. 1985).

2.1.3.2.3

Elevation

Elevation, like aspect, has a significant influence on vegetational distribution and
phenology (Skovlin 1982). Perhaps even more importantly, in mountainous regions such
as the present study area, it has a direct bearing on the amount of snowfall; areas of
higher elevations generally receiving more snowfall than locations at lower elevations
(refer to Section 1.3.4). Ultimately, the depth of snow cover limits the amount of forage
available to ungulates and makes travel more energy intensive. Hence, most ungulate
species tend to migrate to lower elevations in winter where shallower snow depths make
finding forage and moving around easier.

In western Montana, Scott (1976) observed that during summer and spring, use below
1500 m was low. However, use during fall and winter was high. Also in western
Montana, Marcum (1976) found that in summer and fall, elk generally selected for
elevations of 1631 to 1936 m from an available range of 1174 to 2400 m. Consistent
with this observation, Morgantini (1988) reported a major shift to high elevation ranges

36

in summer although some elk were also observed in forested habitats and low elevation
grasslands.

2.1.3.2.4

Position on Slope and Other Topographic Features

According to Skovlin (1982), the position of elk on slopes apparently varies by season
and is a reflection of seasonal preference for different aspects. Scott (1976) observed that
although elk consistently preferred some topographic situations, topography did not
appear to be an overriding influence in determining elk distribution within the study area.

The results of Beall (1974, in Skovlin 1982) showed that on western Montana winter
range, elk generally preferred upper, middle, and lower slopes, in that order. Scott (1976)
found that elk use of swales was always greater than availability. Benches at higher
elevations were used in excess of their availability during July and August, probably
because of the understory vegetation. Lower slopes and primary upper slopes and
ridgetops (ridges separating major drainages) were used less than availability. Secondary
upper slopes and ridgetops (ridges separating secondary streams within the major
drainages) at lower elevations received significantly higher total elk use, primarily due to
intensive fall and winter use of bunchgrass-pinegrass understory types. In Marcum's
(1976) study, elk preferred midslopes and drainage bottoms for foraging, while drainage
bottoms and upper slopes were generally selected for in summer and fall. Schuerholz
(1982) reported that elk used lower elevation ridgetops in winter and bull elk used these
same areas in summer, when ventilation was needed for thermoregulation. According to
Nietfeld et al. (1985), small benches, basins, draws and stream and valley bottoms are
used for calving sites. As well, irregular and broken topography are important as visual
barriers, particularly in non-forested areas. (Nietfeld et al. 1985).

2.1.3.2.5

Vegetation Structure

The most basic and main contributor to habitat, because it directly affects three of the
four components, is vegetation. Food, cover and space are influenced by vegetation
species distribution and vegetation structure (Skovlin 1982). Because elk use a variety of
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habitats to meet their biological requirements, it is difficult to make generalizations about
specific vegetation communities preferred by elk. Preferences tend to vary on a
geographic and seasonal basis. Scott (1976) noted a preference for younger serai stages
and for open overstory canopy (<25%) possibly because the understory vegetation was
more advanced in the openings than under a closed forest cover.

Heterogeneity in vegetation composition and the juxtaposition of habitats appear to be
more important than a single vegetation type (Jones 1997, Skovlin 1982). Thomas et al.
(1979) stipulated that a ratio of 40/60 cover/forage areas of proper size and arrangement
approximated optimum habitat in the Blue Mountains of Oregon. In one study cited by
Skovlin (1982), elk frequently occurred in areas characterized by a mosaic of small
stands of open or dense pine and spruce forests, patches of shrubland and sedge/grass
meadows.

2.1.3.2.6

Edge

Elk are generally considered to be an ecotonal species, meaning that levels of elk use
diminish with increased distance from the interface of forest and nonforest communities
(Skovlin 1982). However, Morgantini (1988) pointed out that elk are not a true ecotonal
species in that they are not dependent on the biotic and physical features of transition
zones between habitats. Instead, they use a variety of habitats, including forests,
transitional zones, and open meadows. The diverse habitat use patterns indicate
opportunistic behaviour, and flexibility in habitat selection. In Morgantini's (1988) study
of elk in the Red Deer, Panther and Clearwater drainages of Alberta, elk did not behave
as an ecotone species as they were frequently observed feeding and sometimes resting in
the middle of large extensions of grasslands.

According to several authors, however, western elk prefer to forage along ecological
edges to the exclusion of areas that are heavily timbered or excessively open (Van Deelen
et al. 1997, Nietfeld et al. 1985, Wisdom et al. 1986, Skovlin 1982). Van Edmond (1990)
explained that elk exploit a shrubland or meadow community for food, and then move to
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an adjacent timbered area when thermal or hiding cover is required. Foraging habitats
adjacent to forest communities, therefore, will be of a higher value to elk than areas
greatly removed from adequate cover. Similarly, dense forest stands situated next to
good foraging areas will be of greater cover value than the central cores of such stands,
which may be well removed from suitable forage resources.

Several empirical studies support the idea that elk use increases with increasing proximity
to edge. For example, Winn (1976, in Skovlin 1982) found that while elk routinely
crossed small openings (about 150 m wide), they skirted larger openings. Marcum
(1976) found use of areas within 90 m of an ecotone received more use than areas located
more than 90 m from an ecotone although edge use was highly variable from year to
year. According to Wisdom et al. (1986), empirical data collected in western Oregon
demonstrated that elk use of forage areas dramatically decreased as the distance
surpassed 100 m from the forest-cover edge, while optimal use of forest cover for
bedding occurred within 300 m of the forage-cover edge. Similarly, Thomas et al. (1979)
cited studies showing that most use by elk occurred within 180 m of the edge between
cover and forage areas, use becoming insignificant beyond that point.

2.1.3.2.7

Proximity to water

Elk appear to consistently make high use of wet and riparian habitats. In a study of
summer elk habitat selection in western Montana, Scott (1976) observed that distance to
water did not markedly influence elk distribution. However, 90% of the study area was
within 400 m of surface water. Scott also reported that during spring, wet meadows and
seeps were highly preferred sites. As well, elk use of areas further than 410 m from
water was consistently and significantly lower than the availability of those areas.
Marcum (1975), in another study in western Montana, found that more than 80% of all
elk use in July occurred within 400 m of a permanent water source. Marcum also
observed that areas within 50 m of water were generally selected for in summer and fall.
Similarly, in northeastern Oregon, elk displayed a highly disproportionate use of riparian
habitat with potable water (Thomas et al. 1979).
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2.1.4

Movement Patterns

2.1.4.1 Dispersal
Discussions on elk movements in the literature tend to focus quite heavily on seasonal
migrations, with very little mention of dispersal. However, dispersal movements between
populations are extremely important for maintaining genetic variability and ultimately
ensuring population viability. While only a few dispersal movements of elk in or around
the study area have been formally recorded, they are sufficient to conclude that some
dispersal takes place between distinct elk populations in the area.

Northeast of the study area, Gibbons (1978) described exchange between herds of the
Bow valley and Upper Vermilion valley. Gibbons reported that between 1973 and 1978,
three animals with coded bands and another two with radio collars, originating in
Kootenay National Park, had been sighted in the Bow valley.

Some exchange also appears to take place between herds from the Columbia and
Kootenay valleys. According to Gibbons (1978), an elk wearing a K N P band was
observed near Edgewater in July 1973. In 1976, another banded elk from K N P was
sighted west of Radium. In fall 1999, a KNP employee sighted a lone elk along Highway
93 in the Lower Sinclair drainage. More recently, in April 2000, elk #315 from K N P
was observed moving through this drainage to the Columbia valley. This elk was later
sighted 1.5 km west of Highway 95 near Radium and subsequently 3 km north of
Radium. As well, on June 11, researchers observed an untagged elk along Highway 93
between Kimpton and John McKay creeks. The presence of uncollared elk along the
Lower Sinclair drainage is suggestive of dispersal movements from the Columbia to the
Kootenay valleys.
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2.1.4.2 Seasonal Migrations
Seasonal migrations of elk in the Radium area have not been formally studied. Although
there exists a substantial amount of information on the use of seasonal ranges by elk,
relatively little information exists regarding specific movements of elk. In terms of
empirical studies, the most comprehensive work on elk seasonal migrations in the
Canadian Rockies is that of Morgantini (1988) and Woods (1991). In addition, Gibbons
(1978) studied the seasonal range use of colour-marked and radio-collared elk of
Kootenay National Park. Gibbons' (1978) work showed that the seasonal movements of
most elk in KNP followed a north-south seasonal migration pattern between the
Vermilion and Kootenay valleys. Gibbons found that most elk wintered in the lower
reaches of the Kootenay valley with only limited movements beyond the southern KNP
boundary. At present, more telemetry work is being carried out on the KNP herd but
results from this study have yet to be published.

According to Skovlin (1982), elk migrations are usually keyed to broad seasonal range
types: 1) lowland winter range, 2) midelevation transitional range and 3) upland summer
range. Seasonal migration ensures forage availability at all times of the year and also
distributes total grazing pressure over a larger area on a year round basis (Brown 1990,
Adams 1982). According to Nietfeld et al. (1985), migratory elk herds are generally
found in mountainous regions where they may move vertically in response to seasonal
changes. Potential benefits of migration include (Woods 1991):
•

Access to better quality and quantity of food

•

Reduced competition for food

•

Escape from predation and other forms of harassment

•

Access to increased mating opportunities

•

Avoidance of severe seasonal weather

Nietfeld et al. (1985) noted that, in a given region, some herds may migrate while others
do not. Moreover, it is not uncommon for one segment of a population to migrate while
the other does not. There are about as many variations in the migrant/resident ratios as
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there are herds (Adams 1982). Woods (1991) found a greater number of residents than
migrants in the Bow Valley population. In contrast, migrants outnumber residents in
most other elk populations in the Rockies (Woods 1991). Woods speculated that the fact
the Bow River valley herd was not hunted probably contributed to the unusually high
number of non-migratory elk. With regards to the elk found within the Radium study
area, there appears to be general agreement among key informants interviewed for this
study that a significant portion of elk - roughly 25% - remain on the winter range all year,
while the other 75% migrate seasonally to higher elevation summer ranges.

Although elk migrations are generally viewed as consisting of a single annual cycle,
Woods (1991) found that repeated movements between seasonal movements were not
uncommon. Of the migrating elk in Woods' study, 15 made one migration cycle per year
while the other 10 made 2-3 cycles within a year. These additional cycles included
returns to low elevation during summer, returns to high elevation during winter, and
repetitive oscillations between low and high elevations throughout the year.

According to Woods (1991), north temperate zone cervids have reported average
migration distances in the range of 2-67 km horizontally and 200-1000m vertically. In
his own study, Woods reported average distances between winter, summer, and rutting
ranges of 3.0 to 4.2 km. Morgantini (1988) reported much greater distances, with
average travel distance between summer and winter ranges of 49.8 km or 37.6 km linear
distance. In Wyoming, the distance traveled between summer and winter ranges varies
from 32 to 97 km (Nietfeld et al. 1985). Within the present study area, the length of
migrations based on the distance separating high elevation summer ranges of the Stanford
and Brisco ranges from the Columbia Valley winter range, can be estimated to be in the
range of 3 to 5 km.

According to Skovlin (1982), elk use transitional ranges during the spring and again in
late autumn during their return from summer range. Morgantini (1988) observed that in
spring and fall, elk used distinct ranges located along the major river valleys between
summer and winter ranges. In Morgantini's study, intermediate ranges received extensive
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use in June and from September through November. Some elk, however, did not
establish intermediate ranges. According to Adams (1982), the same routes used in
spring generally are followed in return migrations to winter range. With respect to the

present stvi4y area,

little information o n the use o f intermediate

ranges by elk was

obtained during key informant interviews, although some key informants mentioned that
elk made extensive use of avalanche chutes in the fall and several mentioned increased
use of agricultural fields on the benchlands during spring and fall.

Many studies have noted that elk habitually return to seasonal ranges year after year
(Woods 1991). In the Bow River valley, Woods (1991) also observed fidelity to winter,
summer and rutting ranges. Morgantini (1988) reported that throughout the study region,
elk exhibited predictable movements between ranges and a general tendency to return to
the same ranges each year. In Montana, elk movements were generally restricted
between a limited number of seasonal use areas, and elk habitually used the same
summer and winter ranges (Brown 1990). Similar results were found in a study of
migrational patterns of elk in Yellowstone National Park (Adams 1982).

Although elk are generally philopatric, many authors have noted that elk from different
herds will often mingle on common seasonal ranges (Adams 1982, Morgantini 1988,
Brown 1990). For example, Brown (1990) observed that, in Montana, it was not
uncommon for elk occupying separate winter use areas to share the same summer use
area, and vice versa. The results of Morgantini's (1988) study suggested not only intermingling between herds inhabiting different watersheds but also the occasional shift of
animals from one herd to the other. In the Radium study area, one local resident
interviewed speculated that in winter, elk descend into the Columbia Valley from both
the west and east side, which would suggest intermingling between separate herds of elk
on the winter range (D. Tegart, pers. comm. July 1998).
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2.1.4.3 Daily Movements
Generally speaking, very little is known about the daily movements of elk. Radiotelemetry work has tended to track the movements of elk at intervals spanning several
days rather than on a daily or hourly basis. Increased understanding offinescale elk
movements would require more intensive monitoring efforts that have generally been
deployed to date.

With regards to daily movements within the study area, one key informant reported that
on winter days, elk often move from the Columbia valley floor onto the benchlands in
order to catch more sunlight (R. Hoar, pers. comm. July 1998).

2.1.4.4 Travel Lanes
According to Skovlin 1982, little study has been made of the importance of travel lanes to
the movement and distribution of elk. An understanding of travel lanes is central to the
modeling of movement corridors, however, and as such, descriptions of travels lanes
found in the literature are summarized below. From these descriptions it appears that
travel routes must often meet two main criteria: they must be energetically effective and
must offer adequate security. The availability of forage is likely an added advantage
although this consideration appears to be less critical than thefirsttwo.

Energetically efficient routes tend to follow paths of least topographic resistance, such as
ridges, saddles, gaps and valley bottoms (Thomas et al. 1979). In Wyoming, Altmann
(1956) observed that elk trails followed the contour of the hillside and did not climb
extremely steep places as deer trails did. Skovlin (1982) reported that trail crossings
between drainages are important elk travel routes and that such crossings are often
located in low saddles and immediately beneath ridgetops. Elkfrequentlytake advantage
of terrain by traveling parallel to exposed ridges and immediately below ridgelines just
under the horizon (Skovlin 1982).
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Valley bottoms are the type of travel lane most often described in the literature (Adams
1982, Brazda 1953, Thomas et al. 1979, Jones 1997, Morgantini 1988, Dalke et al. 1965,
Nietfeld et al. 1985, Skovlin 1982). Not only do they provide energetically effective
travel routes between high elevation summer ranges and lower elevation winter ranges,
but the riparian habitats found within them often contain an abundance of succulent
forage, water and hiding cover. Adams (1982) noted that elk often followed well-defined
trails along stream courses in their movements. Brazda (1953), in a study of elk
movements in the Gallatin River drainage in Montana, noted that although migration
routes tended to follow major drainages, actual travel routes were not necessarily
immediately adjacent to a watercourse but up two miles away from it.

Hiding cover appears to be an important element of travel lanes for elk, especially in
open habitats. Winn (1976, in Skovlin 1982) suggested that forested travel lanes adjacent
to open meadows were especially important to efficient use of intermingled meadow
complexes by Rocky Mountain elk. According to Thomas et al. (1979), stringer forest
stands interspersed with grassland are consistently used in winter because they provide
thermal cover and protected travel lanes. Thomas et al. (1979) also stressed the
importance of continuous or relatively continuous cover between timbered drainages. As
well, routes parallel to exposed ridges usually are on the wooded north-facing slopes,
where cover is available (Skovlin 1982). Darkness may also act as a form of cover.
Skovlin (1982) remarked that travel lanes often are used by elk at night and while making
long forays from central home ranges. Although the presence of cover appears to be
necessary, cover in proximity to forage is perhaps optimal. Morgantini (1988) observed
that elk used the transitional zone between communities when going from one habitat to
another.
Another important point that comes across in the literature is that the choice of migration
routes by elk is not only affected by physical characteristics of the landscape, but by
tradition as well. Adams (1982) pointed to the use of the same river crossings by some
elk year after year, even though easier crossings were nearby, as an example of the
habitual behaviour by Rocky Mountain elk. Also according to Adams, elk follow the
same migration routes each year and utilize these routes in both spring and fall
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migrations. Observations by Morgantini (1988) in the Red Deer-Panther-Clearwater
region support the view that the use of the same migratory trails connecting different
seasonal ranges is, at least to some degree, a manifestation of learned behaviour.
Morgantini speculated that the overall migratory patterns he observed might reflect the
original dispersal of elk from their point of origin. This would explain why elk travel
long distances onto far away summer ranges when ranges of similar quality forage are
available and are already utilized by individuals from the same population (Morgantini
1988).

2.1.4.5 Obstacles to Movement

Barriers to movement may be physical, such as a fence or major road, may be created by
the removal of adequate cover, such in the case of an open field, or may correspond to an
area where sensory disturbance has surpassed a species' or individual's threshold of
tolerance, such as in the case of a residential area or other setting where human activity is
high. The latter type of barrier is generally referred to as a psychological barrier.

According to Adams (1982), examples of geographical barriers to elk migrations are
relatively few as the animals are adaptable to rough terrain. For example, Rocky
mountain elk of the Sun River herd used a migration route that carried them over a series
of passes, even though an easier route was available. In this particular case, it was
speculated that the easier route was avoided because of human habitation there (Picton
1960, in Adams 1982). There have been reported cases, however, where rough terrain
and sometimes difficult travel conditions such as spring thaws, hinder the seasonal
migration of elk (Adams 1982).

Altmann (1956) observed that highways with traffic, fences, streams and feedless areas
were the main obstacles faced during migration to summer ranges. However, Ward et al.
(1973) reported that the standard four-strand barbed wire fences between pastures had
little influence on elk movement. In this study, calves less than 2 months old merely
crawled under the bottom wire. As calves became older, however, they showed
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apprehension about going through fences. On occasion, some calves would go through
after the cow had jumped over, while other calves remained on the opposite side of the
fence. From late July until mid-September, it was reportedly quite common to see elk
move down a fence looking for a low spot or broken wire (Ward et al. 1973).

Psychological barriers to movement may be of particular concern during winter when elk
are generally found on lower elevation ranges that are increasingly compromised by
development (Rocky Mountain Elk Foundation 1999). Also according to this source,
routes to winter ranges may be disrupted when houses or other developments are built
near an established corridor used by elk to migrate from the high country.

Although elk movements have not been formally studied in the Radium area, I speculate
both physical and psychological barriers negatively affect, to some degree, the
movements of elk, given the amount of development and recreational activity that exist as
well as the presence of several major transportation corridors. For example, an account
by a KNP warden demonstrates how the railway can act as an impediment to movement.
D. Ghikas (pers. comm. July 1998) witnessed a group of elk crossing the railway in
winter. To cross, the elk had to jump over a snow bank and fence on either side of the
railway, at the apparent expense of considerable energy.

2.1.5 Sensitivity to Human Disturbance
In a modeling exercise in a partially developed landscape, it is paramount to consider the
impacts of human activity on the effectiveness of a habitat patch or corridor for a given
species. Essential to an understanding of human impact on elk is knowledge of the extent
to which and conditions under which elk can tolerate human influences (Lyon and Ward
(1982). In the following section, I discuss the effects of human disturbance on elk
behaviour and habitat use. Section 2.1.5.1 deals with the impacts of development and
recreational activities on elk while Section 2.1.5.2 focuses more specifically on the
influence of roads.
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2.1.5.1 Recreational Activities and Development

Elk have demonstrated a wide variation of tolerance to humans (Lyon and Ward 1982).
Generally speaking, elk response to disturbance depends on a number of factors,
including habitat, season of year, previous exposure and the kinds and persistence of
disturbance (Lyon and Ward 1982). Disturbances take on many forms, the most common
of which are roads, logging activities, hunting, recreational activities and development.
Lyon and Ward (1982) wrote that knowledge of the potential effects of human activity on
elk is essential to the maintenance of migration corridors between seasonal ranges.
Indeed, according to Adams (1982) Rocky Mountain elk have changed their traditional
migrational routes in response to human settlement and hunting, especially on winter
ranges. Understanding of elk tolerance to human activity, however, is limited (Lyon and
Ward 1982). Nonetheless, the general agreement among researchers is that continuing
harassment can be expected to force elk into less preferred habitats (Lyon and Ward
1982, Huber 1994, Czech 1991, Nietfeld et al. 1985).

A study of Rocky Mountain elk in central Colorado by Huber (1994) revealed that human
presence had a dramatic influence on habitat use. The 10 radio-collared elk of the study
2

used only 17.8% of the 2456 km of land available to them in the study area. Moreover,
most use occurred on either public land or large private holding where there were severe
restrictions on hunting. At the time of the study, much of the private land was being
developed or was prepared for development. The study showed clear avoidance by elk of
prepared areas, even if little construction was taking place at the time. Even the sparse
road network that was being constructed for future residential development seemed to
affect elk movement and habitat use.

According to Skovlin (1982), elk are easily conditioned to repeated patterns of human
activity within their home range but are also keenly aware of deviations from normal
patterns. Ward et al. (1973) demonstrated that elk are seldom alarmed at normal
disturbance-type activities such as vehicular traffic, camping, fishing or other recreational
activities beyond a threshold distance of 0.8 km. Activities within this distance, however,
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resulted in evasive movement by elk to reestablish and maintain a 0.8 km buffer zone
between themselves and the human activity. In the same study, only 14.2% of observed
elk were within 0.8 km of people involved in out-of-vehicle activities. Studies cited by
Lyon and Ward (1982) demonstrated that at shorter distances, elk were disturbed by
human activity even if they did not flee. For example, the heart rates of two adult cows
and a spike bull showed definite increases on 21 of 23 occasions when people walked
within 0.32 km of animals in the timber and animals moved away on 16 of 21 occasions.
Moving automobiles and trail bikes had little effect on elk resting in timber at distances
of more than 0.2 km but the animals' heart rates increased 24 out of 41 times at closer
distances. Elk also showed significant reaction when vehicles stopped within 0.53 km
(Ward et al. 1973, 1976, Ward 1976, Ward and Cupal 1979; in Lyon and Ward 1982).

On low elevation winter ranges, elk are particularly vulnerable to human disturbance
because of the higher levels of development, roads and recreationists as well as depleted
energy budgets of wintering animals. A sudden encounter with a recreationist, for
example, generally results in excitement in elk, along with sudden movement. According
to the Rocky Mountain Elk Foundation (1999), one researcher reported that the sudden
sight of a relatively quiet backcountry skier might be more startling to elk than the roar of
a snowmobile. In contrast, wildlife managers in Idaho have seen elk move several miles
away from snowmobilers traveling through their winter range (Rocky Mountain Elk
Foundation 1999). Excitement can cause the loss of vital energy necessary for survival
and, in the case of pregnant cows, the growth of the calf inside the womb (Lyon and
Ward 1982). Lyon and Ward also stressed the importance of keeping recreational areas
and access away from elk winter ranges. As well, they concluded that only moving
traffic should be allowed near elk ranges, and then only where and when necessary.

Lyon and Ward (1982) generalized that elk may become conditioned to human activity if
exposed for periods of time to a predictable disturbance that does not harm them. They
noted that unhunted elk, for example, appear to show greater tolerance for humans on
foot, and also appear to have greater tolerance for vehicular and other noise caused by
humans. Hunted elk, on the other hand, are extremely wary of people and sensitive to
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danger. As well, according to Woods (1991). numerous authors have demonstrated that
sport hunting can disturb elk movement patterns. For example, Morgantini (1988)
showed that elk in the Red Deer River drainage, which were hunted and not habituated to
humans, delayed their return to their winter range by approximately one month, electing
to remain on intermediate range within national park boundaries where hunting is
prohibited.

Several authors have discussed the importance of hiding cover in increasing the tolerance
of elk to human disturbance. For example, Czech (1991) found that elk tolerance of
timber operations was correlated positively with proximity to hiding cover. Ward et al.
(1973) found that in response to people getting out of a vehicle, elk feeding by the side of
the road elk sought hiding cover in timbered areas. Marcum (1976) observed that use of
heavily timbered areas increased substantially during hunting seasons. Similar
observations have been made in the Radium study area, where key informants reported
that elk tend to use cover to a greater extent during the hunting season whereas after it
has ended, are observed more frequently in open areas (P. Holmes, L. Halverson, pers.
comm. July 1998).

2.1.5.2 Roads

Generally speaking, the effectiveness of elk habitat is adversely affected by the presence
of roads that are open to vehicular traffic (Thomas et al. 1979, Wisdom et al. 1986).
However, the negative effect of roads is influenced to a considerable degree by the type
of road, its location, and degree of use (Thomas et al. 1979). According to Van Deelen et
al. (1997), the negative effects of harassment by humans on potential elk habitat can be
modeled from road densities.

Witmer and deCalesta (1985) used radio-telemetry to monitor the locations of 6
Roosevelt elk in the Coast Range of Oregon for one year. Frequency distributions of elk
from paved and spur roads were compared with distributions of 200 randomly located
points about paved and spur roads. In this study, elk were located at half the expected
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frequency within a 500 m wide band surrounding paved roads. Moreover, significantly
fewer (p<0.05) elk observations were noted for a narrower band (125 m) about spur roads
open to vehicular traffic, but no differences existed for elk locations about spur roads
closed to vehicles. Witmer and deCalesta concluded from this study that the effects of
roads on elk use of habitat may be mitigated by a system of road closures.

In another study, Cole et al. (1997) studied movements and survivals of female Roosevelt
elk before Road Management Areas (RMA) were designated, and during limited
vehicular access from 1991 to 1995. They found a 23% reduction in core area size (P =
0.002) and 15% reduction in home range size (P = 0.077) during limited vehicle access.
The authors of this study also found that there was a negative correlation between daily
movements and percent association of elk home ranges with R M A (r = -0.42, P = 0.02).
There was a significant increase in survival rate of female elk (P = 0.03) during the
limited-vehicular access period compared to the pre-RMA period and survival rate
declined following the removal of the gates (P = 0.05). Their data suggest that limitedvehicular access reduces human disturbance, which results in reduced movements and
poaching (increased survival) of Roosevelt elk.

Marcum (1976) found that in Montana, elk selected against open system roads and areas
within 550 m of these roads. Avoidance was most notable in periods of intensive logging
activity. Open spur roads and four-wheel drive roads did not seem to affect selection and
closed roads were selected for. During autumn, elk were more often found near open
roads and in open timber stands when hunting seasons were closed than when they were
open. Much of the displacement of elk from open roads during hunting seasons was in
excess of 1.6 km. Marcum concluded that elk were avoiding human activity, not the
roads.
Also in Montana, Scott (1976) observed that, in general, use was at least equal to
availability along the roads in his study area. However, none of the roads in the study
area had high levels of traffic.
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In Wyoming, Ward et al. (1973) found that elk were often observed within 300 m of a
major road. Radio-collared elk, however, appeared cautious about crossing major roads.
When a vehicle stopped along the side of the road, elk stopped feeding and watched the
vehicle. When people got out of the vehicle, the elk moved into the timber out of sight.
Ward et al. concluded that logging and recreation roads with moving traffic would have
little effect on elk activity once elk became used to them.

In Washington State, Czech (1991) reported that elk avoided a 500 m corridor centred on
a logging road that was opened to the public. Elk also avoided several sections of the
study area where the influence of the road was prominent. Czech predicted that
eventually, the elk would likely habituate seasonally, becoming less reactive to people
and vehicles during periods further from hunting seasons.

2.2

2.2.1

BIGHORN S H E E P

Status, Distribution and Management

Wishart (1978) provided an informative account of the history of bighorn sheep
management in North America and what follows is summarized from this source. While
bighorn sheep were once widespread in North America, in the latter half of the 19

th

century, their numbers underwent a drastic decline. Disease and persistent and
unregulated hunting were the primary causes of this decline. The late 1800s and early
1900s saw the implementation of the first bighorn management programs, mainly in the
form of widespread hunting closures in the United States. Restricted hunting seasons
were also introduced in some states and provinces. Around the turn of the century,
sanctuaries, refuges and parks were established and intensive predator control began.
During the 1920s, bighorn trapping and transplanting programs were initiated and since
that time, large numbers of bighorns have been reintroduced successfully to former
th

ranges in Canada and the in US. In the late 20 century, the emphasis of bighorn
management shifted from managing population numbers to managing habitat. This shift
in focus was the result of the realization by wildlife managers that hunting seasons and
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closures were insufficient to prevent degradation and reduction of bighorn ranges due to
livestock overgrazing and disturbances from recreational, urban and industrial
developments as well as from fire suppression.

Radium Hot Springs has the distinction of being host to one of only several Rocky
Mountain bighorn sheep (Ovis canadensis canadensis) herds in British Columbia. In the
East Kootenays, bighorns have a patchy distribution along the east side of the Rocky
Mountain Trench from near the Canada-U.S. border north to Edgewater (Demarchi 1967,
5

in Poll et al. 1984). The bighorn sheep is Blue-listed in British Columbia because its
winter ranges are threatened by past over-grazing, competition with domestic stock and
other ungulates, land alienation and human encroachment (B.C. Min. of Forests 1997).
The March 1985 ground census revealed a minimum population of 114 bighorns on the
winter range between Sinclair and Stoddart Creeks (Stelfox et al. 1985). Previous counts
in spring were 89 in 1984, 108 in 1983, 77 in 1982 and 109 in 1981 (Stelfox et al. 1985).
At present, the population of the Radium herd is estimated at approximately 150
individuals (A. Dibb, pers. comm. October 2000), which represents roughly 8% of the
total provincial population (Forbes 1999).

The Radium herd is used mainly for non-consumptive purposes such as viewing and
transplants although it is subjected to a limited amount of hunting in the fall. In 1998, the
hunting season for bighorn sheep in Wildlife Management Units 4-25 and 4-35 extended
from September 10 to October 25 and was limited to full curl rams (B.C. Ministry of
Environment, Lands and Parks 1998a). The carrying capacity of the Radium-Stoddart
winter range is estimated at 150 animals (Forbes 1999). Wildlife managers strive to keep
the population below this number in order to prevent range deterioration. In past
decades, translocations have been used as a means of maintaining an optimal population
size in Radium and allowing recolonization of abandoned ranges in western North
America.
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Poll et al. (1984) reported that the most important source of sheep mortality in Kootenay
National Park was collisions with automobiles. Another management concern stems
from the fact that much of the Radium herd's spring, summer and fall ranges are located
outside the park, where human development is gradually eroding the habitat base. In
fact, recreational, residential, industrial and agricultural developments over the past 50
years have alienated nearly 25% of traditional winter and spring range for bighorn sheep
bordering the East Kootenay Trench (Davidson 1994).

2.2.2

Seasonal Ranges

The resources used by sheep tend to exist in a patchy distribution. Consequently, the
annual ranges of sheep populations may consist of up to seven or more seasonal ranges
and their connecting migration corridors (Boyd et al. 1986). Commonly, an annual home
range includes separate winter, spring (green-up) and summer ranges for rams and ewejuvenile groups, and a lambing area. Mineral licks and water sources are other seasonally
critical areas (Boyd et al. 1986).

2.2.2.1 Winter Range

The B.C. Ministry of Forests (1997) provided a useful description of sheep winter range,
which is summarized in this paragraph. Winter range is the limiting habitat for northern
populations of bighorn sheep. During severe winters, large canopied trees may provide
relief from the energy drain of pushing through snow. In normal winters, however, the
priority for sheep is access to food in areas that provide predator escape terrain. Most
bighorn sheep herds winter on low-elevation (600-1800 m), south- and west-facing slopes
where temperatures are relatively warm and snow depths are minimal. On Premier Ridge
in southeastern British Columbia, Hudson et al. (1976) observed that in winter, sheep

5

"Blue-listed" refers to taxa considered to be vulnerable in British Columbia. Vulnerable taxa are of special
concern because of characteristics that make them particularly sensitive to human activities or natural
events. Blue-listed taxa are at a lower level of risk than red-listed taxa (B.C. Min. of Forests 1997).
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distribution was very localized and characterized by steep, relatively snow-free slopes
and rugged terrain of southwest aspect.
Earlier descriptions of the Stoddart Creek bighorn sheep winter range characterized this
range as extending from the north side of Sinclair Creek at Radium Hot Springs to
Stoddart Creek, with the eastern boundary following the 1515 m contour along the
Stanford Range (Demarchi 1986, Stelfox et al. 1985). These accounts described the
2

winter range as covering an area of 9.6 km and consisting of several large alluvial
terraces and colluvial slopes originating from rocky slopes and bluffs of the Stanford
ranges. These terraces terminate on flat, glacial-lacustrine deposits, which are dissected
by several streams, notably Sinclair, Dry Gulch, Stoddart and Shuswap Creeks (Stelfox et
al. 1985). In more recent accounts, the bighorn sheep herd is referred to as the RadiumStoddart Creek-Windermere herd and the southern limit of the winter range is placed
2

farther south, at Windermere Creek, resulting in a total area of 22.9 km (Armstrong and
Associates 1993, Davidson 1994). The winter range is located primarily on provincial
Crown land although some portions are located on private land as well as within KNP
boundaries.

Stelfox et al. (1985) remarked that throughout the winter, sheep made frequent trips to the
lower Sinclair Cr. range to use human-made grassland areas and disturbed sites from the
Aquacourt to the Radium townsite as well as the Redstreak campground area. According
to key informants, this is still the case today.

According to Davidson (1994), the winter range is used from November to late May.
Use is concentrated on grasslands on lower west-and southwest-facing slopes where
prevailing westerly winds and solar radiation maintain low snow depths (Demarchi and
Demarchi 1994). Here, bunchgrasses, such as wheatgrasses (Agropyron spp.), fescues
(Carex spp.), bluegrasses (Poa spp.), needle grasses (Stipa spp.) and various forbs and
shrubs are eaten (Davidson 1991 in Demarchi and Demarchi 1994).

It appears that the extent of the winter range has changed somewhat over the past
decades. For example, Stelfox et al. (1985) reported that in the period of 1965-67, there
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were up to 15 sheep east of the Edgewater-Brisco area. These were primarily rams that
left the Stoddart Cr. winter range after the November to December rutting period.
However, during the winters of 1983-84 and 1984-85, rams were wintering mainly
between Sinclair and Stoddart Creeks and there were no observations of sheep in the
Edgewater-Brisco area (Stelfox et al. 1985). In addition, while sheep use was
traditionally concentrated between the Dry Gulch and Shuswap Creek drainages, some
key informants interviewed for this study mentioned that in recent years, sheep have been
progressively abandoning this range in favour of increased use of the golf course in
Radium as well as of the artificial grasslands along Mile Hill immediately south of
Radium (K. Kebe, R. Hopkins and R. Hoar, pers. comm. July 1998).

Some observers have also noted a trend toward a temporal increase in use of the winter
range. According to B. Swan (pers. comm. May 1998), in recent years, sheep have been
lingering on the golf course in spring, thus delaying their migration up to higher elevation
summer ranges. Another key informant noted that sheep are more frequently observed at
lower elevations during the summer than previously (R. Hoar, pers. comm. July 1998).

There is concern by many wildlife managers about the ill effects of such growing
sedentary behaviour. According to a conceptual model developed by Risenhoover et al.
(1988, in Demarchi and Demarchi 1994), sedentary herds degrade their environment,
causing nutritional and social stress as well as an increased incidence of lungworm
transmission. As lungworm loads increase in nutritionally and or socially stressed
animals, bighorn sheep become vulnerable to viral and/or bacterial infections, which have
been known to cause severe die-offs

2.2.2.2 Summer Range

Most Rocky Mountain bighorn sheep forage on alpine and subalpine meadows, grassy
mountain slopes, high ridges and in high cirques and basins with readily available steep
and rugged rock bluffs, cliffs and ledges for escape. Summer ranges are often located
between 2000 and 2500 m elevation (B.C. Min. of Forests 1997). According to Lawson
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and Johnson (1982), in summer most sheep graze on grassland meadows and plateaus
above the timber line. The aspect of summer grazing range changes depending upon
forage succulence. In the early summer, southern and southwestern exposures are most
frequently utilized while by late summer, more northerly exposures are preferred
(Lawson and Johnson 1982). Forage plants on the summer range often include kobresia
(Kobresia spp.), sedges (Carex spp.), grasses and a diversity of forbs (Demarchi and
Demarchi 1994)

Descriptions of the summer range of the Radium bighorn sheep herd are sparse compared
to those of the winter range. According to Stelfox et al. (1985), the summer ranges are
concentrated at headwaters of Kindersley and Sinclair Creeks, in the Alpine and Upper
Subalpine Ecoregions. Vegetation on these high elevation ranges is described as herb
tundra and shrub-herb meadow (Stelfox et al. 1985). According to the same authors, the
summer ranges of rams are not well known, although some rams are believed to summer
north of the Kindersley ewe range towards Luxor Pass, east of Brisco. In July 1984,
these authors observed six rams at the headwaters of Sinclair Creek.

2.2.2.3 Transitional Ranges
The areas used by sheep between their summer and winter ranges are referred as
transitional ranges (Wishart 1958). Lawson and Johnson (1982) noted that the spring
range is essentially characterized by the same environmental parametres as the winter
range. However, sheep begin to respond to local green-ups along stream banks and
valleys thus, broadening their distribution. Salt licks are particularly important in spring
and are heavily used by sheep at this time (Lawson and Johnson 1982).

The transitional ranges of the Radium herd consist of the lower Sinclair Creek area from
John McKay Creek to the Radium townsite (Poll et al. 1984). They use this range in the
spring as well as in October and November upon their return from summer ranges.
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2.2.2.4 Lambing Grounds
Generally speaking, preferred lambing range is located in the most precipitous,
inaccessible cliffs near forage, and generally has a dry, southern exposure (Geist 1971,
Boyd et al. (1986), Lawson and Johnson 1982). Such terrain provides pregnant ewes
security and isolation for the lambing periods, which includes the time lambs need to
become strong enough to follow the ewes to summer ranges (Van Dyke et al. 1983).
Ideally, adequate forage and water are found within or near lambing areas so ewes with
young lambs do not have to venture far to water or forage.

With regards to the present study area, an aerial survey conducted on May 28, 1984
found ewes with lambs only on the south and west slopes of Mt. Berland (Stelfox et al.
1985). Ewes and lambs were not located elsewhere. However, Stelfox et al. (1985)
remarked that during this period the sheep were dispersed and as such, it was quite
possible that some lambing also took place on similar south-facing slopes in the
Redstreak Mountain to Stoddart Creek area. Moreover, they stressed the need for further
investigations to identify more precisely important lambing areas. According to Stelfox
(1978), lambing occurs from mid-May to mid-June with the peak being approximately
May 25 to June 5.

2.2.2.5 Mineral Licks
Stelfox et al. (1985) described mineral licks used by the Radium herd. According to this
source, natural and man-made mineral licks occur on low elevation ranges such as
Stoddart Creek and on intermediate ranges such as along lower Sinclair Creek adjacent to
Highway 93. The mineral soil and bedrock exposures along Sinclair Canyon are
primarily the result of highway construction. Such sites occur below Sinclair Summit,
above the Iron Gates tunnel and above the Radium Park Lodge. According to Stelfox et
al. (1985), these licks are used mainly in June-July, which corresponds to the peak
lactation and molt period, although some use occurs year-round. These same authors
remarked that in summer, sheep make frequent trips to this area from the Upper
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Subalpine and Alpine ranges in the Upper Kindersley-Sinclair creeks and Mt. Sinclair
areas. From these observations Stelfox et al. concluded that the lower Sinclair Creek area
was not only an important spring and fall transition range but also an important source of
minerals. Key informants interviewed for the present study confirmed that these patterns
of use of the Sinclair Canyon area remain essentially the same today.

2.2.3

Habitat Use

2.2.3.1 Basic Requirements
Generally speaking, bighorn sheep use of habitat varies daily and seasonally with
changes in requirements for food, rest, safety, thermal cover, rutting and lambing
(Demarchi and Demarchi 1994). The common feature throughout the distribution of
bighorn sheep is rocky escape terrain in close proximity to open stands of grass and
shrubs (Wishart 1978). Specific habitat resources for mountain sheep are (Boyd et al.
1986):
•

Forage of adequate quality and of adequate density and continuity to
support a large group;

•

Water;

•

Salt licks;

•

Good visibility for predator detection and for visual communication;

•

Steep, usually rocky escape terrain; and

•

A suitable thermal environment.

Whereas forage, water and escape terrain are the most critical components of bighorn
sheep habitat, the size, quality, and distribution of these components are also important
(Van Dyke et al. 1983).

2.2.3.1.1

Forage

Van Dyke et al. (1983) described bighorn sheep as opportunistic foragers, capable of
adapting their diet to available plant communities, whether they are dominated by grass,
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forbs, or shrubs. Suitable forage areas depend on plant species composition, topography,
substrate, vegetative structure, distance to escape terrain and water, snow depth, and
season (Van Dyke et al. 1983). Forage areas suitable for sheep usually have tree or shrub
canopy cover height less than 0.6 m, such as grasslands or shrublands (Van Dyke et al.
1983).

Grasses, sedges and forbs are the preferred food but browse species are important foods
during fall and winter (Wishart 1978, Stelfox 1976). Vegetation use depends primarily
on its availability (Nietfeld et al. 1985). Preferred graminoids include: sedge (Carex
spp.), bluegrass (Poa spp.), wheatgrass (Agropyron spp.) and fescue (Festuca spp.) while
preferred browse species include sagebrush {Artemesia carta), willow (Salix spp.) and
bitterbrush (Purshia tridentata) (Nietfeld et al. 1985).

According to Boyce et al. (1986), three characteristics are common to quality forage
resources: abundance, continuous distribution and low stature. Because bighorn sheep
are a social species, it is important that forage be abundant and continuous enough to
support at least modest group sizes, to allow individuals within groups to be dispersed,
and to allow efficient rates of forage intake. Forage should also be low-growing so as to
allow for predator detection and visual communication. Boyce et al. further explained
that grasses are the epitome of abundant, continuous, low-growing forage, but dense
stands of forbs or low shrubs may also provide excellent forage.

In winter, bighorn sheep select open grasslands and serai shrublands as winter range
because they are not well adapted to cratering for forage through deep snow or to
browsing (Davidson 1994). Grasses and forbs comprise a major part of bighorn sheep
winter diets (Hebert 1973, in Davidson 1994), although shrubs may also be important at
this time of the year, especially during heavy snow accumulations (Lawson and Johnson
1982, Shannon etal. 1975).

During warm months, sheep use areas of forage green-up, which maximizes their nutrient
intake. Lawson and Johnson (1982) speculated that the stage of plant growth was
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probably more important than any specific plant species. In the Sheep River Sanctuary in
Alberta, Wishart (1958) found that the spring diet of the bighorn was mainly grasses and
sedges while forbs, mostly legumes, constituted a large portion of the summer diet.
Poplar, willow and gooseberry proved to be important browse species in the late summer.

In their study of the status of the Radium bighorn sheep herd and its ranges, Stelfox et al.
(1985) found that when the Radium band was on the Sinclair Canyon transitional range
between October and December, grasses made up about 64% of the diet, forbs 12% and
shrubs and trees 23%. These results reflected heavy use of domestic grass species
growing adjacent to the highway and on various seeded sites. In May and June, however,
Stelfox et al. (1985) noticed a pronounced change in the diet of sheep using this range,
with browse making up about 70.5 % of the diet. Apparently, sheep preferred the
succulent forage produced by trees and shrubs during this period. The two main
contributors of this browse forage were Shepherdia and Salix, which constituted
approximately 48% and 16% of the diet, respectively. The amount of grass and forbs in
the spring diet was 18.5% and 11%, respectively. Stelfox et al. (1985) found that in the
middle of summer, the amount of shrubs in the diet remained high and supplied about
63.5% of the diet. The amount of grass in the diet declined from that in the spring to
16.7% while the use of forbs increased to 19.8%. In early fall when the Radium band
began moving towards their rutting range, the use of grass doubled relative to the JulyAugust period, constituting 33%. During this time, the amount of forbs in the diet
declined to a mere 2.7% - only 1/6 as much as during July-August. The contribution of
trees and shrubs remained comparable to the previous period at 64.0%.

2.2.3.1.2

Cover

Cover is used by sheep to provide either a suitable thermal environment or security from
predators.

Stemp (1983) evaluated the responses of five free-ranging bighorn sheep to their
environment using heart rate telemetry on Ram Mountain, Alberta during the summer of

61

1979. His results showed that higher heart rates occurred both below and above the
thermoneutral zone, indicating cooling and heat stress, respectively. For thermal
protection, Van Dyke et al. (1983) reported that sheep used elevation, thermal winds,
cliffs and rock outcroppings, and trees and shrubs to minimize stress caused by
temperature extremes. To escape heat, sheep typically move to higher elevation ranges
or seek shade produced by stands of timber or geomorphic features (Van Dyke et al.
1983, B.C. Min. of Forests 1997). In winter, timbered stands intercept snow, thus
reducing effect of deep or ice crusted snowfalls (B.C. Min. of Forests 1997). As well,
cliff and rock outcroppings may reflect solar radiation during cold periods (Van Dyke et
a l l 983).

For security, bighorn sheep rely heavily on the presence of escape terrain, generally in the
form of cliffs, rock bluffs, ledges, canyons, talus, or steep slopes (B.C. Min. of Forests
1997). Tree cover can also provide security under certain circumstances (Stemp 1983).
Stemp (1983) demonstrated, through heart rate analysis, that proximity to escape terrain
is a crucial habitat requirement for bighorn sheep. Moreover, most authors agree that the
need to be close to adequate escape terrain limits the ability of bighorn sheep to utilize
forage resources (Wishart 1958, Stemp 1983, Van Dyke et al. 1983, Tilton and Willard
1982, MacCallum 1991). According to Boyd et al. (1986), bighorn sheep often deplete
forage on small areas of suitable open, rugged terrain to the detriment of the herd, even
though vast expanses of coniferous forest with suitable forage surround such areas.

2.2.3.1.3

Water

In the southern parts of their range, water can become limiting (McCallum 1991).
However, for northern sheep, snow and succulent forage provide a year-round source of
water (Nietfeld et al. 1985). Hence it is unlikely that water is a limiting factor for sheep
of the Radium study area.
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2.2.3.1.4

Minerals

Bighorn sheep are attracted to mineral and artificial salt licks, particularly during spring
and early summer and may travel long distances to reach them (Wishart 1978, Nietfeld et
al. 1985). Along the Sheep River canyon, Wishart (1958) remarked that several mineral
exposures were used intensively as licks during the summer and fall by ewes and
immature animals. Wishart observed that individuals would return every 10 to 14 days to
use the licks. According to Boyd et al. (1986), mineral licks are especially beneficial to
sheep when they are located in open areas near escape terrain, when human activity is
kept at a distance and livestock are fenced from the site.

2.2.3.2 Factors Affecting Habitat Selection

In this section, I discuss various factors that may be significant in habitat selection, and
ultimately in the selection of movement corridors, by bighorn sheep.

2.2.3.2.1

Escape Terrain

The importance of escape terrain to sheep has been demonstrated repeatedly (Stemp
1983, MacCallum 1991, Tilton and Willard 1982). From a modeling perspective, a
detailed understanding of how escape terrain is defined and how it affects the spatial
distribution of sheep is paramount. In the following section, I attempt to shed some light
on the two following questions: (1) What constitutes escape terrain? and (2) How, and to
what degree, does it affect the spatial distribution of bighorn sheep?

According to Van Dyke et al. (1983), cliffs, rock rims, rock outcroppings, talus slopes
and bluffs make good escape terrain and steep, broken cliffs with ledges are preferable to
sheer ones. Lambing areas are steeper and larger than other acceptable escape terrain
(Boyd et al. 1986, Van Dyke et al. 1983). Generally speaking, ewe-lamb groups are more
dependent on escape terrain and as such, are more restricted in their range (Van Dyke et
al. 1983, Boyd et al. 1986). The location of escape terrain relative to forage appears to be
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irrelevant as sheep can move up, down or sideways along a slope easily (Van Dyke et al.
1983, MacCallum 1991). According to Stemp (1983), proximity to escape terrain
appears to be more important that its character. As well, several authors have speculated
that sheep will select for larger, more extensive cliffs under moderate or heavy predation
or if harassment is high (Stemp 1983, Van Dyke et al. 1983, MacCallum 1991).

Tilton and Willard (1982) noted that on their winter range, sheep preferred areas with a
slope steepness greater than 39 degrees (80%) and avoided areas having a slope steepness
of 6 to 9 degrees (11-35%). Thorne et al (1979, in MacCallum 1991) described escape
cover ranging from sage-brush covered slopes with a steepness of 45 degrees (100%) to
sheer rock cliffs as much as 270 m high. MacCallum (1991) found that at the Cardinal
River Mine in western Alberta, high walls of unreclaimed pits and large slopes of
ungraded rock overburden provided adequate escape terrain. Slope of escape terrain in
her study area varied from 20 to 45 degrees (36-100%) while length ranged from 259 to
1584 m and height from 23 to 205 m. McCollough et al. (1980, in Boyd et al. 1986)
found the minimum height and length of cliffs used as escape terrain were 8 m and 220
m, respectively. On Ram Mountain in Alberta, 3-m high cliffs amid steep talus slopes
seemed perfectly adequate (Stemp 1983). Smith et al. (1990) described escape terrain as
slopes greater than 27 degrees (60%) with occasional rock outcroppings.

Stemp (1983) observed that the heart rates of sheep increased exponentially with
increasing distance from escape terrain. As well, milder responses to changes in distance
from cliffs were noted near escape terrain than far from it. Stemp also noted that the
response to escape terrain was independent of activity and also of habitat type.
Moreover, sheep apparently acted to minimize their anxiety by minimizing displacement
from escape terrain, i.e. by moving closer to it when upset (Stemp 1983).

Several studies have shown that use decreases as the distance from escape terrain
increases. Stemp (1983) found that 83.4% of all sheep in groups containing study sheep
were within 250 m of cliffs when first sighted. In the same study, portions of feeding
sites that were more than 500 m from cliffs were never used. MacCallum (1991) divided
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her total observations of sheep at Cardinal River Mine into quartiles. She found that 25%
of observed groups of sheep were within 40 m, 50% within 160 m, and 75% within 290
m of escape terrain, after which foraging dropped off quickly. No sheep were observed
beyond 705 m of escape terrain on the mine site. In Tilton and Willard's (1982) study in
northwestern Montana, over 50% of sheep were within 160 m and over 80 % within 320
m of steep terrain and cliffs when sighted. Brundige and McCabe (1986) noted that
bighorn sheep ewes and lambs in their study area in South Dakota were never located
more than 80 m from escape terrain. Oldemeyer et al. (1971, in Shannon et al. 1975)
noted that most feeding activity occurred within 100 m of escape terrain. Thorne et al.
(1979, in Stemp 1983), in a study on sheep in Wyoming, found that 72% of all sheep
were sighted within 45 m of escape terrain. These sheep were in frequent contact with
humans. Van Dyke et al. (1983) wrote that most sheep forage within 800 m of escape
terrain and are generally not seen farther than 1.6 km from escape terrain. In a survey of
13 bighorn sheep studies, however, Wakelyn (1984, in Boyd et al. 1986) reported that
only one showed more than 10% of the observed groups of sheep over 250 m from
escape terrain. This review indicates that sheep are more restricted to escape terrain than
suggested by Van Dyke et al. (1983). This finding is consistent with Smith et al. (1990)
who wrote that research in Utah indicated that 90% of all bighorn sheep activity occurs
within 300 m of escape terrain.

According to Van Dyke et al. (1983), forage areas with escape terrain on two or more
sides receive more frequent and uniform use that forage areas with escape terrain on only
one side. As well, these authors remarked that the distance from escape terrain tolerated
by sheep may vary according to the amount of disturbance sheep receive from either
humans or predators. Also noteworthy is the observation that rams and sheep in large
groups will use areas further from escape terrain than ewe-juvenile groups and sheep in
small groups, respectively (Boyd et al. 1986).

There appears to be an inverse relationship between proximity to escape terrain and the
need for visibility. Wishart (1958) remarked that a sheep must be able to see approaching
danger and have adequate time to take cover. Thus, the less open space there is, the less
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distance a sheep will wander from its escape terrain (Wishart 1958). Conversely, sheep
will forage farther from escape terrain when visibility is good (Boyd et al. 1986).

2.2.3.2.2

Visibility

Bighorn sheep depend largely on their acute vision to detect danger (Geist 1971). In
addition to allowing for predator detection, visibility is important for visual
communication among sheep and efficient foraging. Moreover, open habitats with good
visibility may provide abundant forage (Boyd et al. 1986). For all these reasons, sheep
select ranges where their outlook is unrestricted by standing timber, high shrubs, brush or
other obstructions (B.C. Min. of Forests 1997).

Radio-telemetry studies in Alberta have shown that sheep are uncomfortable when in
habitats with low visibility. For example, MacArthur et al. (1979) reported significantly
higher heart rates of bighorn ewes walking through timber compared to when on nearby
open slopes. Similarly, Stemp (1983) reported that heart rate was highest in when sheep
were in shrubbery, the cover type with the poorest visibility. Brundige and McCabe
(1986) reported that sheep avoided habitats having reduced visibility, such as dense
stands of ponderosa pine saplings. Smith et al. (1990) wrote that areas of dense
vegetation more than 100 m wide and with visibility less than 50% acted as barriers to
movement for sheep.

According to Boyd et al. (1986), few methods for measuring visibility have been applied
to sheep habitat, and no standards for acceptable levels of visibility have been developed.
In most cases, visibility has been evaluated by rating vegetation types or tree or shrub
crown cover.

2.2.3.2.3 Aspect
It appears that bighorn sheep utilize a variety of aspects at different times of the year to
maximize forage availability and abundance.
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In winter, Stelfox (1976) noted that the aspect on the winter range was usually south or
southwest. These aspects tend to be warmer and contain less snow, leading to enhanced
forage availability (Van Dyke et al. 1983). Tilton and Willard (1982) found that during
this season, east and southeast aspects were avoided. In the same study, south aspects
were strongly preferred, while no selection for or against other aspects was apparent.
Shannon et al. (1975) found that aspect did not strongly influence sheep distribution.
However, they reported the greatest response to aspect in early fall and late winter, during
which time animal distribution favoured southwest exposures. Shannon et al. (1975)
concluded that aspect was an indirect determinant of habitat selection by bighorn sheep in
that it influenced snow accumulation, forest cover, vegetation quality and radiant energy.

In summer, aspect appears to vary more than in winter. According to Stelfox (1976),
sheep tend to use south and east aspects in May and June as they make their way up to
their higher elevation summer ranges. Valley bottoms and low elevation, south-facing
slopes are important to sheep in late pregnancy and early lactation as they provide highprotein forage. In July and August, they forage on south and west slopes at the highest
vegetated elevations. By late summer, foraging shifts towards north-facing grasslands
and semi-open forests where snow melts the latest and where herbaceous forage remains
succulent and nutritious late into the fall (Stelfox 1976). During cool moist summers and
falls, sheep make greater use of south aspects as forage there retains its nutritious
qualities (Stelfox 1976).

2.2.3.2.4 Slope
Sheep appear to favour areas of steep slopes over areas of flat terrain. Tilton and Willard
(1982) reported that sheep avoided areas having a slope steepness of 6 to 9 degrees (1135%) and preferred areas with slope steepness greater than 39 degrees (80%). In this
study, feeding activities were concentrated on areas of 20 to 39 degree (36-80%) slopes,
in proximity to steep terrain. Mac Arthur et al. (1982) found a negative correlation
between heart rate response to disturbance and inclines of slopes on which sheep
occurred and speculated this was possibly reflective of security associated with steep

67

terrain. The correlation was statistically weak, however. Shannon et al. (1975) found
that use of slopes increased as sheep moved into summer alpine ranges. As well, as snow
depth increased in late winter, use of steeper areas increased, presumably in response to
decreased forage availability. However, when other factors such as elevation, forage
characteristics and snow depth were held constant, it appeared that bighorn sheep were
neutral or actually may have discriminated against slopes in all seasons. Hudson et al.
(1976) found that in spring, sheep preferred steep, rugged, southwest-facing slopes
probably due to the relative abundance of succulent forage at that time of year. These
authors also observed that a positive association occurred between slope and rockiness,
suggesting that in a habitat modeling exercise, slope may be used as a surrogate for
escape terrain. Additional discussion of slope in relation to escape terrain was provided
in Section 2.2.3.2.1 above.

The results of a study cited by Van Dyke et al. (1983) suggested that there is a
relationship between terrain steepness and the need for visibility. In this study, sheep
avoided extensive forage areas with shrubs about 60 cm high on mild slopes whereas on
steep slopes, they were noted to travel through and bed in dense brush.

2.2.3.2.5

Position on Slope

Tilton and Willard (1982) observed that on winter range, bighorn sheep avoided drainage
bottoms and upper slopes while exhibiting a preference for cliffs. In this study, lower
slopes, middle slopes and ridges were neither avoided nor selected for. As well, most
feeding occurred on middle and lower slopes. Tilton and Willard speculated that
avoidance of upper slopes may have been the result of a lack of forage and concluded that
vantage did not compensate for presence of forage or proximity to escape terrain. In
other words, sheep on winter range, regardless of whether they are on lower slopes, upper
slopes, or ridges, select sites near cliffs and food.

In contrast, Stemp (1983) stressed the importance of vantage as part of the antipredator
strategy of wild sheep, given the advantage in most situations of being above an
opponent. Consistent with this idea, Stemp found heart rate to be significantly higher on
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the lower halves of mountainsides. Conversely, lower slopes and valley bottoms were
taken to be less secure locations. No groups of fewer than 17 sheep were ever observed
there. Avoidance of valley bottoms is consistent with Tilton and Willard's findings
described above.

2.2.3.2.6

Elevation

Elevation, because it is the main factor controlling snow depth in mountainous areas, has
an influence on the limits of suitable winter range for sheep. Stelfox (1976) stated that in
winter, sheep will avoid snow depths in excess of 30 cm. In summer, Rocky Mountain
sheep use the highest vegetated elevations above timberline, primarily grassland
meadows and plateaus (Nietfeld et al. 1985). Shannon et al. (1975), in a study of factors
affecting habitat selection of a population of sheep in southeastern British Columbia,
found that much of the observed response to elevation was related to variables associated
with elevation, such as forage quality and availability, rather than to elevation itself.

2.2.3.2.7

Cover Type

In Tilton and Willard's (1982) study, open forest and shrubland-grassland cover types
were preferred while sheep avoided the closed forest type, the latter cover type furnishing
neither forage nor adequate bed sites. In Shannon et al. (1975), vegetation accounted for
a large proportion of the variance associated with sheep distribution. Areal abundance of
bighorn sheep was negatively related to forest crown closure. A discrepancy between
simple and partial correlation coefficients led Shannon et al. to speculate that the
response to timber was likely attributable to the absence of palatable forage. MacArthur
et al. (1979) noted significantly higher heart rates when sheep were moving through
timbered areas than during comparable movements across open slopes or fields. This
observation is consistent with the observed reluctance of sheep to enter timber reported
by Geist (1971). Stemp (1983) noted a negative relationship between heart rate and
distance from forest cover, reflecting increasing anxiety with proximity to forest cover.
However, in Stemp's study, sheep responded differently to distance from forest cover
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depending on the habitat type. In secure habitats, such as cliffs and talus slopes, forest
cover was perceived as a threat by sheep. Conversely, dense forest cover appeared to be
a positive habitat feature when the sheep were in relatively insecure habitats, such as
meadows, shrubbery or open tree cover (<10%). Stemp (1983) concluded that timber
cover was a mixed blessing to the sheep of Ram Mountain, providing a measure of
security in the absence of adequate escape terrain.

Tilton and Willard (1982) observed that the rockland type provided little forage but was
suitable as a bedding area, allowing sheep to see for considerable distances while
blending into their surroundings. Stemp (1983) found that talus slopes were relatively
secure areas, affording poor footing for predators and long lines of sight for sheep.
Meadows did not provide a footing advantage and are not noisy to walk upon and thus
were less secure habitats. Shrubbery, because of reduced visibility, was even less secure.

Although it would seem reasonable to conclude that sheep will avoid less secure habitats,
Stemp (1983) reported that on Ram Mountain, sheep were found in insecure habitat
(meadows, shrubbery, and cover) over half the time because of the forage found there.
He concluded that forage and microclimate were important determinants in habitat use by
bighorn sheep. In keeping with Stemp's assertion, MacArthur et al. (1979) observed no
consistent correlation between heart rate and distance to tree cover when ewes were
bedded or foraging on open slopes.

2.2.4

Movement Patterns

In this section I review current knowledge on the dispersal, seasonal and daily
movements of bighorn sheep, with particular reference to the Radium herd, where
applicable.
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2.2.4.1 Dispersal
There exists very little information regarding dispersal movements of sheep in the
Radium area. Stelfox et al. (1985) noted that tagged sheep from the Radium herd have
occasionally been observed as far north as the Kicking Horse canyon east of Golden. As
well, some sheep known to belong to the Radium herd have been observed in the Upper
Cross River drainage, located east of the study area, especially during autumn. One such
sheep, easily recognizable because of a foot infirmity, was observed moving back and
forth between Radium and the Upper Cross drainage over a period of a couple of years in
the early 1990s (R. Hoar, pers. comm. July 1998).

2.2.4.2 Seasonal Migrations
It is well established that most Rocky Mountain sheep make seasonal migrations from
low elevation winter ranges to summer ranges in alpine areas. However, sheep are not
always restricted to only two seasonal ranges. According to Geist (1971), rams may have
up to six ranges including a pre-rut range, a rutting range, a midwinter range, a late
winter/spring range, a salt lick range, and a summer range while ewes may have up to
four ranges, which include a winter range, a spring range, a lambing range, and a summer
range. Geist (1971) remarked that given this number of seasonal ranges, it is erroneous
to assume that all or most bighorn sheep make only two major movements a year
between summer and winter ranges. In fact, he described five major periods in the year
when mountain sheep move long distances: (1) late September, early October - rams and
ewes move to the wintering areas (pre-rut ranges in the case of rams); (2) last week in
October, first week of November - rams move to their rutting grounds; (3) last half of
December, first week of January - rams move from their rutting grounds; (4) late March,
April - rams and ewes move to late winter/spring ranges; (5) late May, June, beginning of
July - females move to lambing areas, rams move to salt licks, then rams, barren females,
and juveniles move to the summer ranges, usually in late June, early July.

According to Spalding and Mitchell (1970, in Lawson and Johnson 1982), the distance of
seasonal migration may vary from 0.8 to 60 km, depending on climatic factors and the
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availability of forage. Martin and Stewart found that the migrational routes connecting
summer and winter ranges in the Beartooth Mountains in Montana were at least 56 to 64
km long. In this study as well as in another by Becker et al. (1978), it was observed that
sheep followed the same routes during spring and fall migrations.

In the Radium area, while seasonal ranges have been deteirnined with some accuracy
through aerial surveys and pellet counts, the precise location of migration routes is still
not well understood (Swan 1999). There is little doubt that the Sinclair canyon is a focal
point during spring migrations. Indeed, several authors have reported that in April and
May, much of the Radium band moves in Sinclair Canyon to take advantage of early
green vegetation along the south facing slopes of Sinclair Creek from the Radium
townsite to John McKay Creek (Stelfox 1976, Stelfox et al. 1985, Poll et al. 1984). From
there, the sheep access summer ranges on Mt. Berland and Mt. Kindersley near the
headwaters of the McKay, Kindersley, Sinclair, Nixon Creeks as well as north along the
Brisco Range as far as Luxor Pass (Poll et al. 1984). The precise location of routes
followed to access these ranges is largely unknown, however. Poll et al. (1984) also
observed that throughout the summer, groups of sheep (primarily ewes, lambs and
yearlings) returned to the Sinclair Canyon to make use of mineral licks and grasslands
associated with the road. Stelfox et al. (1985) noted that some rams also returned to the
canyon area during summer, although not as often as ewe and immature groups. This
type of back and forth movement between summer and winter ranges during summer was
also observed in Yellowstone National Park where Woolf et al. (1970) remarked that
sheep migrations were not always complete. According to these authors, migrations are
considered incomplete when some sheep move to summer areas, while others either
remain on winter ranges or return at intervals throughout the summer.

2.2.4.3 Daily Movements
Little information was found in the literature regarding the daily movements of bighorn
sheep. Lawson and Johnson (1982) remarked that while foraging, sheep are continually
on the move. Woolf et al. (1970) found that bands of sheep on a summer range in
Yellowstone National Park usually traveled between 3 and 5 km daily and occasionally
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up to 16 km. The authors of this study described two types of daily movements:
movement while feeding and directional movement to a specific location. Feeding
movements were generally slow and aimless, with the sheep often returning to the same
location numerous times. Directional movements, on the other hand, were rapid and
usually characterized by a brisk walk or trot.

2.2.4.4 Travel Lanes

Wishart (1958) noted that in the Sheep River drainage of southwestern Alberta, rivers
provided steep-sided, shale passageways between summer and winter ranges. In this
study, migration routes taken by different groups of sheep generally followed the
contours of a line of least resistance and varied in length from 13 to 40 km. In
MacCallum's (1991) study in the Cardinal River Mine site, sheep made use of steep
slopes and high walls for travel corridors. Martin and Stewart (1980) found that sheep
migrations did not follow a straight line between winter and summer ranges but rather,
followed a substantially longer route, characterized by high visibility, rocky terrain and
superior snow shedding characteristics while minimizing the distance required to cross a
densely forested plateau. In Wyoming, Becker et al. (1978) observed that ewes and
lambs seemed to take advantage of lush new forage and precipitous escape cover as they
proceeded along their spring migration. Other sheep in this study were observed using a
corridor above a series of steep rocky bluffs connecting the winter range to the spring-fall
range. Moreover, Becker et al. (1978) found that each migration route passed through
several areas of precipitous terrain and speculated that areas suitable for lambing were
probably an important consideration during establishment of migrations routes
generations ago.

It appears that while sheep prefer open areas in proximity to escape terrain, they will,
when necessary, cross areas of insecure habitat in their migrational movements. Wishart
(1958) reported that migrating sheep showed extreme caution when crossing flats or
entering timbered areas. According to Lawson and Johnson (1982), sheep avoid timbered
areas but moved quickly when forced to cross them. Murie (1944, in Lawson and
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Johnson 1982) wrote that mountain sheep may spend hours, even days, watching low
country routes before crossing. Geist (1971) observed that while movements along
ridges were often leisurely, valley crossings were always hasty. This was also the finding
of Martin and Stewart (1980) who observed that sheep moved rapidly and in single file
when crossing an 11 km wide, densely forested plateau during spring and fall migrations.
In this study, sheep took advantage of rocky ridges and hilltops as much as possible while
traversing through this forested expanse. Finally, according to Boyd et al. (1986), sheep
may forego security to use critical water sources, salt licks or necessary migration
corridors.

2.2.4.5 Importance of Tradition
According to Geist (1971), sheep are very loyal to their seasonal ranges and their
movements between these ranges are orderly and predictable. Knowledge of the location
of seasonal ranges is passed onto the lambs and young rams as a learned tradition i.e.,
young sheep learn movement patterns by following the older ewes or rams (MacCallum
1991, Geist 1971). By four years of age, individuals have established home ranges that
they utilize throughout life (Geist 1971, in Lawson and Johnson 1982). The results of a
three-year study of seasonal distribution patterns of bighorn sheep in Wyoming (Becker
et al. 1978) substantiated these assertions. Becker et al. observed that sheep showed a
high degree of fidelity to their seasonal ranges and used the same migrations routes each
year while traveling between them.

It appears that the choice of migration corridors is also largely based on tradition.
Lawson and Johnson (1982) wrote that most sheep follow established migration routes
that take them to the various seasonal ranges within their home range. According to
Boyd et al. (1986), the choice of migration routes for bighorn sheep results not from
random selection among appropriate alternative routes, but rather from selection learned
from travel with other individuals during previous migrations. Consistent with this,
Becker et al. (1978) noticed that travel routes were often well-worn sheep trails,
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characterized by polished rocks and tree routes and indicative of generations of repeated
heavy use.

2.2.4.6 Obstacles to Movement
Very little information was found in the literature regarding obstacles to the movements
of bighorn sheep. The best source on this topic was Smith et al. (1990) who, in a model
to evaluate bighorn sheep habitat, listed both natural and human-made barriers for sheep
(Table 2-1).

Table 2-1: Barriers to bighorn sheep movements in the Western Rocky Mountains
and Great Basin Regions, U.S. (Smith et al. 1990).

Natural
•

Human-made

Water (swift and/or wide rivers and

•

Water (canals, reservoirs, aqueducts)

lakes)

•

Impassable fencing

•

Cliffs (continuous, non-traversable)

•

Major highways and high-use roadways

•

Dense vegetation (<50% visibility, >

•

Centres of human activity

100 m wide)
•

Valleys or plateaus (> 1000 m wide)

In terms of physical barriers, given the propensity of sheep for using steep and rugged
terrain, it appears reasonable to assume that extreme topography does not act as a barrier
for this species. Martin and Stewart (1980) found that in the Beartooth Mountains of
south-central Montana, the migrational routes of sheep traversed extremely rough terrain
including the headwaters of five major and several minor drainages as well as four passes
over 3400 m in elevation. On the other hand, Becker at al. (1978) observed that in
Wyoming, steep walled gorges, partially filled by extensive lakes, served as a
topographic barrier, effectively isolating sheep on two adjacent summer ranges.
Similarly, Smith et al. (1990) noted that sheer vertical cliffs lacking negotiable terrain
probably acted as barriers for sheep.
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Dense vegetation may also impede movements by sheep. Becker et al. (1978) speculated
that during winter, extensive stands of timber with their accumulated snow and /or
extensive open wind-blown slopes far from precipitous escape cover may have precluded
intermingling of two adjacent, yet isolated populations of wintering sheep. Smith et al.
(1990) cited at least two studies in which researchers observed that sheep would not cross
even narrow tracts of dense vegetation, particularly timber. They considered areas of low
visibility (<50%) and at least 100 m wide as effective barriers to sheep movements.

Psychological barriers associated with human disturbance may also hinder sheep
movements. Martin and Stewart (1980) found evidence indicating that roads could be
disturbing to bighorn sheep. These authors observed several unsuccessful attempts by an
ewe-lamb group at crossing a busy highway. Passing vehicles would cause them to
backtrack to nearby escape terrain. Moreover, many sheep waited several hours before
crossing the road. Martin and Stewart also noticed, through the monitoring of radiocollared animals, that most sheep crossed this road at night, under the cover of darkness
and when traffic was light. The authors concluded from this study that the road could not
be considered a barrier to migration although it did modify, to some extent, migrational
behaviour. Similarly, Smith et al. (1990) cited several studies demonstrating that
vehicular traffic often deters bighorn from traversing major roadways and suggested that
highways be evaluated individually for impacts on sheep movements. Smith et al. (1990)
also remarked that centres of human activities, such as campgrounds, airports, dwellings,
and ski resorts, as well as linear arrays of development frequently precluded bighorn use
and could form barriers to movement.

The influence of human disturbances to sheep movements has not been formally studied
in the Radium area. From casual observation, psychological barriers to sheep movements
appear to be minimal, probably because these sheep are habituated to human presence
and vehicles. Transportation corridors do not appear to act as significant barriers to
movement. For example, sheep are regularly observed within the Highway 93 and 95
corridors, casually crossing back and forth with little apparent concern for traffic.
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However, even if highways are relatively permeable to sheep, wildlife managers must not
lose sight of the fact that collisions with vehicles constitute the most important source of
sheep mortality in the Radium area (Poll et al. 1984). I was unable to locate any
information pertaining specifically to the effect of centres of human activity on sheep
movements within the study area.

2.2.5

Sensitivity to Human Disturbance

Most of the information regarding the effects of human disturbance on bighorn sheep in
western Canada stems from three studies carried out in southwestern Alberta. MacArthur
et al. (1979, 1982) used radio-telemetry to study the heart rate responses of bighorn sheep
ewes in the Sheep River Sanctuary while Stemp (1983) conducted a similar study on the
Ram Mountain bighorn sheep range.

2.2.5.1 Sheep Responses to Disturbances

Tables 2-2 through 2-4 rank various disturbance types according to the maximum heart
rate increase observed during each of the three studies mentioned above. A discussion on
each disturbance type follows.
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Table 2-2: Sheep responses to disturbance types in the Sheep River Sanctuary, Alberta (MacArthur
et al. 1979).

Type of Disturbance
Free-ranging dog

Number
of Trials
4

Increase in Heart Rate
(beats/min.) *
99.0+/-5.20

Distance at First
Response (m)
20-100

Coyote

14

82.3 +/- 12.3

100-400

Person with dog (approach
from road)

8

50.2+/-7.68

20-50

Person (approach from slope
above)

6

39.0 +/- 5.95

20-50

Person (approach from road)

20

26.1 +/-4.74

20-50

Vehicle on road

49

4.3 +/- 1.89

5-400

* mean +/- standard error

Table 2-3: Sheep responses to disturbance types in the Sheep River Sanctuary, Alberta (MacArthur
et al. 1982).

Type of Disturbance
Person approaching from ~
ridge above

Number of
Trials
28

Increase in Heart
Rate (beats/min.)*
56.8 +/- 7.91

Withdrawal
Distance (m)*
45.9 +/- 11.67

Person approaching
road with dog

from

10

51.6 +/- 11.07

65.2 +/- 18.14

Person approaching
road below

from

30

31.1 +/- 3.73

11.8 +/- 3.01

* mean +/- standard error
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Table 2-4: Sheep responses to disturbance types on Ram Mountain, Alberta (Stemp 1983).

Type of
Disturbance
Unknown person

Number of
Trials
8

Maximum Increase in
Heart Rate (beats/min.)*
48 +/- 25

Distance at First Heart
Rate Response (m)*
96 +/- 59

Known person

6

44 +/- 25

37 +/- 56

Person with dog

3

38 +/- 3

118+/-38

Vehicle on road

6

16 +/-1

183 +1-2

* mean +/- standard error

2.2.5.1.1

Humans

In MacArthur et al. (1979), most trials involving an approach by a human with or without
a leashed dog did not elicite a heart rate response until the person was within 50 m of the
ewe. The authors of this study speculated that the relatively mild response to humans
may have been attributable to the absence of hunting combined with frequent exposure to
human activities within the Sheep River Wildlife Sanctuary. MacArthur et al. (1979)
also observed that a person approaching from a ridge above the sheep elicited a stronger
response that one approaching from a road below, where human activity was normally
concentrated. The results from MacArthur et al. (1982) showed a similar difference in
response depending on whether the person approached from the road or a ridge. The
authors attributed the observed difference to the degree of predictability of the
disturbance. Stemp's (1983) study demonstrated that the most threatening type of
disturbance was caused by the approach of a human. He speculated that the effect of
humans was the greatest because the latter could follow the sheep virtually at will.
However, humans rarely produced significant heart rate increases when more than 150 m
from the sheep.

In terms of the present study area, sheep are often seen foraging in close proximity to
developed areas such as near the Radium Park Lodge in the Lower Sinclair Canyon.
However, sheep display some degree of discomfort when approached too closely by
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humans. For example, in October 1999 I observed a nursery band of sheep foraging
along Highway 93 immediately below the Kootenay Park Lodge. A group of children
approached the band, yelling and waving their arms. The sheep responded by moving
further up the slope thus, creating more distance between themselves and the children.
Similarly, in 1998 I observed a group of rams foraging on Shepherdia canadensis within
Redstreak Campground during the peak of the summer camping season. When people
approached to take a photograph, the sheep slowly moved away, suggesting some degree
of discomfort at having people close by. While in both these examples, the reaction of
the sheep was relatively mild, it nonetheless indicates some level of disturbance and
suggests that sheep are vulnerable to human harassment when their ranges overlap with
areas of high human activity.

2.2.5.1.2 Canids
In Mac Arthur et al. (1979), free-ranging dogs and coyotes elicited the strongest responses
in the three ewes fitted with heart rate transmitters. The authors attributed the strong
response to the fact that in the Sheep River Sanctuary, the major predators of mountain
sheep are wild canids. They found that reaction to a canid was significantly reduced
when the latter was associated with a person. However, the results in MacArthur et al.
(1979, 1982) showed that a person approaching with a dog on a leash elicited stronger
responses than when an approach was undertaken without a dog. In contrast, in Stemp's
(1983) study on Ram Mountain, a person accompanied by a dog produced a much milder
response than that observed by MacArthur et al. (1979, 1982). Stemp attributed the mild
responses in his study the fact that dogs were clumsy on rough terrain and thus, unable to
carry out a quiet and effective approach. On the other hand, the sheep reacted at long
distances - as soon as the dog could be seen - and were keenly alert during approaches.

2.2.5.1.3

Vehicles

In MacArthur et al. (1979), vehicular traffic on the road elicited heart rate responses in
only 14.3% of observed passes, and then only when the vehicle was within 200 m of the
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subject. The results in MacArthur et al. (1982) showed equally mild responses to
vehicular traffic. The authors attributed the general high tolerance to human disturbance
to the absence of hunting combined with frequent exposure to human activities in the
refuge. Similarly, in Stemp (1983), vehicles resulted in the smallest and shortest heart
rate responses. Withdrawal was infrequent and was over quickly and occurred only when
vehicle was within 50 m.

While both Stemp and MacArthur et al. (1979) found that sheep displayed relatively mild
responses to vehicles, in both studies there existed a negative relationship between heart
rates and distance from roads. In the Sheep River Sanctuary, bighorns appeared to be
habituated to the road as they were often found bedding and feeding in proximity to it
(MacArthur et al. 1979). Nonetheless, their heart rates decreased with distance from the
road for up to 300 m. The reasons for this were unclear although the authors speculated
that the association of the road with human disturbance might have been the primary
cause of stress. Another possible explanation was that proximity to the road was usually
accompanied by an increase in the distance to escape terrain. Stemp found that heart rate
was 15.6% less at 400 m from the Ram Mountain road than on it, even in the absence of
traffic. From these results, Stemp (1983) concluded that human-made features could be
negative elements in the environment of bighorn sheep if they are associated with human
activity. He also cautioned that while some animals can apparently come to cope well
with traffic, collisions with vehicles represent an important cause of mortality for animals
that frequent roads. As well, Stemp emphasized that the predictably restricted movement
of vehicles was likely fundamental to the ability of animals to cope with them. He
hypothesized that off-road vehicles moving randomly across a sheep range would likely
be very distressing and could conceivably sensitize sheep to all traffic.
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2.2.5.2 Special Considerations

2.2.5.2.1

Predictability of Disturbance

Evidence suggests that sheep may be more tolerant of disturbances that occur in
predictable locations, under predictable circumstances. MacArthur et al. (1979)
hypothesized that heart rate response in sheep would be greater when an intruder
approached from a slope above rather than 'predictably' from the road below. Results
from this study as well from MacArthur et al. (1982) support this hypothesis. Similarly,
casual observations of sheep in the Radium area have shown that sheep appear to be more
skittish when approached by hikers high on the summer range, as compared to when
approached by humans near Highway 93, where human activity is generally intense (L.
Halverson, pers. comm. July 1998).

2.2.5.2.2

Sensitization vs. Habituation

Stemp (1983) remarked that although it would seem natural for sheep to become
habituated to repeated disturbances, often the opposite occurs. This reverse phenomenon
is referred to as sensitization and occurs when disturbing events increases the sensitivity
to subsequent incidents. In MacArthur et al. (1982), subsequent trials using a human
with a dog as intruders produced significantly greater heart rate responses. In the same
study, successive trials with any human intruder never produced milder responses in
sheep. In Stemp's (1983) study, longer heart rate responses to persistent approaches as
well as step-wise increases in heart rate due to multiple helicopter overpasses were
observed. According to Stemp (1983), these results showed that habituation did not
always occur, even if the sheep often displayed behavioral adaptation. In fact, the results
of Stemp's study demonstrated that behavioural measures of response were inadequate
and sometimes grossly misleading as indices of physiological response. Stemp also
concluded that frequent disturbance of bighorn sheep could lead to a chronic stress
response, particularly if very exciting events take place on occasion.
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2.2.5.3 Consequences of Human Disturbance

2.2.5.3.1

Stress

Animals experiencing environmental pressures requiring physiological compensation are
said to be 'stressed' (Seyle 1956, in Demarchi and Demarchi 1994). Exposure to
stressors stimulates endocrine responses, which allow the animal to cope. However, if
stressors are chronic, they can be detrimental to animal health by compromising an
animal's immune system. Immunocompromised bighorn sheep are vulnerable to
lungworm proliferation and subsequent pneumonia-causing respiratory infections and
population die-offs (Demarchi and Demarchi 1994). Stessors implicated in East
Kootenay die-offs have included poor nutrition, trace mineral deficiencies, high animal
density, inter-specific competition, weather, parasites as well as harassment by humans
and dogs (Davidson 1991, in Demarchi and Demarchi 1994).

Stemp (1983) emphasized the role of emotional upset as a potentially significant stressor
and suggested that the health and reproductive success of domestic and wild animals
could be harmed by disturbance stress. According to Stemp, stress can have adverse
effects when an extreme acute response is induced by a suddenly appearing stimuli, or
when the response is sustained. Moreover, the results of Stemp's study demonstrated that
behavioural responses do not accurately represent the stress experienced by an animal.
Hence, it is possible that even if animals appear habituated to certain disturbances, such
disturbances may lead to chronic stress, a situation that ultimately may be detrimental to
the animal's health. Stemp concluded that in order to ensure the persistence of sheep
populations, humans must understand not only the physical needs of sheep but also how
the sheep perceive and respond to their environment and intruders.

Stemp found that the best behavioural measure of disturbance-related stress was distance
at first response to an intruder because it correlated well with distance at onset of
significant heart rate increase. He recommended that this distance be used to establish
buffer zones designed to separate sheep from disruptive stimuli. Stemp felt that on Ram
Mountain, a 150 m wide buffer would minimize the likelihood of a quiet hiker disturbing
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ewes on their summer range. He added, however, that that the distance required to
minimize the incidence of stress would almost certainly increase if the sheep of Ram
Mountain were exposed to greater numbers of humans. This would be particularly true if
the increase in number of recreationists resulted in occasional incidents of extreme
disturbance, or if people approached the sheep unpredictably from a variety of locations.

2.2.5.3.2

Interruption of Maintenance Activity and Withdrawal

Elevation of heart rate was found to be the most reliable indication of physiological
response to human disturbance in MacArthur (1979, 1982) and Stemp (1983). In each of
these studies, withdrawal and interruption of maintenance activity (IMA) were also
common, albeit less reliable, responses. A withdrawal response is defined as that in
which the subject bolts or walks away from the source of disturbance in "alarm posture"
while I M A is defined as the period during which a sheep interrupts resting of foraging
activities to assume an alert posture or withdraw from the disturbing stimulus (MacArthur
etal. 1982).

In Stemp's study, withdrawal from intruders occurred in 60% of all approaches or
helicopter passes. The sheep usually withdrew to cliffs and often over divides, which
resulted in at least temporary habitat abandonment.

Persistent intruders caused

withdrawal over a distance four times as great as following non-persistent approaches.
From these observations, Stemp concluded that although withdrawal can help sheep
avoid some of the more disturbing intruders, it also incurs costs. These include increased
energy expenditure in exertion, risk of injury in panic runs and lost opportunity to feed at
that time, all of which can prevent build up of adequate fat reserves essential to winter
survival. Stemp speculated that intruders in key habitat areas could lead to functional
loss of that habitat and decreased carrying capacity and concluded that preventing
bighorns from withdrawal may be as important as protecting them from stress, perhaps
even more so.
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2.2.5.3.3

Habitat Alienation

Stemp (1983) wrote that while habitat loss is one of the greatest causes of sheep decline,
encroachment and disturbance of the sheep by humans also plays a role by causing
functional loss of habitat. If their habitat is not secure or if they are disturbed too much,
animals may move to more secure areas, possibly losing the benefit of forage and other
physical resources (Stemp 1983). For example, in one study cited by Stemp, researchers
observed ewe groups avoiding hikers and found that good habitat was not used by ewes
or rams concurrently with people. Similarly, Van Dyke et al. (1983) remarked that
although sheep are generally believed to habituate readily to human presence, once the
limit of tolerance is exceeded, even in otherwise optimum habitat, sheep may abandon an
area temporarily or permanently. When this happens sheep are unlikely to be able to
disperse to equally suitable habitat as would other species (Shank 1979, in Stemp 1983).
Ideal habitat for sheep is rarely extensive, leaving them no good place to which they can
withdraw in the case of disturbance (Stemp 1983). Moreover, Stemp remarked that
because bighorn sheep tend to be bound to home ranges by tradition, they are likely to
compress their range if displaced.

According to Alberta Environmental Protection (1993), recreational activities that have
become recently popular, such as A T V use, cross-country skiing, mountain biking and
heli-hiking, favour human access into remote and previously undisturbed sheep ranges.
Such disturbances can lead to abandonment of critical ranges (lambing areas, winter
ranges), which in turn can sometimes lead to a major reduction in sheep numbers (AB
Env. Protection 1993). Conversely, it has been argued by some that bighorn sheep and
humans can successfully coexist under certain circumstances including freedom from
hunting and from repeated or unexpected frights, as is the case in certain situations in
Canada's National Parks (Geist 1971, in Stemp 1983).
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2.2.5.4 Management Implications
From the discussion on the effects of human disturbance on bighorn sheep provided
above, it is possible to extract a number of implications that may have relevance to the
management of bighorn sheep ranges and the corridors that connect them. These are
summarized below:
•

Even mild stressors can be detrimental if they are sustained.

•

Use the distance of first response to establish buffer zones designed to provide
adequate separation between bighorns and a given intruder type thus, minimizing the
likelihood of a stress response.

•

Manage recreation and industrial activities in order to minimize stress to sheep.

•

Restrict human access to a defined road or trail network rather than allowing
dispersed use on sheep range.

•

Control domestic dogs in sheep habitat (i.e., keep them leashed).

•

Preserve natural lines of escape to cliffs or other security areas that sheep can use for
withdrawal. However, Stemp (1983) warned that this should not be the prime
strategy for dealing with disturbance because of the potentially serious effects of loss
of access to prime habitat, especially forage areas, even if only temporarily.

2.3

GRIZZLY B E A R

The delineation of potential grizzly bear corridors was based primarily on the application
of existing models to the study area. Because these existing models were developed
specifically for the Rocky Mountains, in conditions very similar to those found in the
study area, their use within the context of this study required only minimal interpretation.
As a result, the following background information on grizzly bears is more abbreviated
than that provided for elk and bighorn sheep. Background research on grizzly bear
focused on information that could be useful for developing management
recommendations, namely regarding grizzly bear response to human activity. Other
aspects of grizzly bear ecology are discussed only briefly.
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2.3.1

Status, Distribution and Management

There are an estimated 930 grizzly bears in the Cool Dry Mountains Grizzly Bear Zone,
an area roughly equivalent to the East Kootenay region (B.C. Min. of Env., Lands and
Parks 1995). Although grizzly bear populations are considered threatened or vulnerable
by COSEWIC in many parts of British Columbia, in this particular Grizzly Bear Zone,
they are not considered to be at risk (B.C. Min. of Env., Lands and Parks 1995). The
6

grizzly bear is, however, listed on British Columbia's Blue list of species (B.C. Ministry
of Forests 1997).

According to Gibeau's application of the grizzly bear habitat effectiveness model
(Gibeau 1998), the Sinclair Bear Management Unit (BMU), which comprises the
southern end of Kootenay National Park north and south of Highway 93, contains some
of the best habitat for grizzly bears found anywhere in the Banff, Yoho or Kootenay
National Parks. Frequent grizzly bear sightings by hikers along the Kindersley-Sine lair
Pass trail, located within the Sinclair B M U , further attest to the high habitat value for
grizzly bears (A. Dibb, pers. comm. June 1998). Poll et al. (1984) reported that of the 51
warden records of grizzly bears between 1951 and 1984, 12.5% of observations were
from the upper Sinclair watershed. There was also one observation from these records in
the Stoddart Creek watershed.

In other parts of the study area located outside KNP, grizzly bears are known to use the
upper reaches of drainages such as Kindersley Creek and Luxor Creek. According to
interviews with local hunters and guide-outfitters, avalanche chutes and certain ages of
cutblocks are particularly important to grizzly bears because they offer an abundance of
lush vegetation and berries. While grizzly bear use within the study area is largely
restricted to the higher elevations of the Stanford and Brisco ranges, key informants

6

"Blue listed" refers to taxa considered to be vulnerable in British Columbia. Vulnerable taxa are of special
concern because of characteristics that make them particularly sensitive to human activities or natural
events. Blue-listed taxa are at a lower level of risk than red-listed taxa (B.C. Min. of Forests 1997).
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reported that grizzly bears are occasionally sighted down on the benchlands. These
sightings usually occur in the spring or early summer. Some local outdoorsmen
interviewed believe that such occurrences tend to coincide with a late spring when bears
are forced to lower elevations in search of green vegetation.

The main threats to grizzly bear populations in the Southern Interior Mountains
Ecoprovince stem from the impacts of land-use activities such as increased access, land
alienation, and forestry on grizzly bear habitat (B.C. Min. of Env., Lands and Parks
1995). Grizzly bear are not hunted in the Radium area (B.C. Min. of Env. Lands and
Parks 1998a).

2.3.2

Habitat Use

Herrero et al. (1984) remarked that the manner in which grizzly bears use the
environment is driven by their need to fulfill the following functions: feeding, resting and
retreat, traveling, denning, and mating. Time budget studies of grizzly bear activities
show that grizzly bears spend most of their time feeding and resting (Stemlock 1981 and
H . Reynolds, unpublished data in Herrero et al. 1984). Thus, food sources and security
cover for resting are the most important habitat requirements of grizzly bears.

According to Nietfeld et al. (1985), the grizzly bear inhabits mainly subalpine and alpine
regions. In contrast, Hamer and Herrero (1987) found that, in Banff National Park, the
alpine zone was not important to foraging grizzly bears. In this study, grizzly bears
foraged for most foods in a variety of open and serai vegetation types in the subalpine
zone while feeding in mature forest was recorded for only one major food: horsetails.
Wildfire was found to be a key factor in creating open habitats rich in food sources for
grizzly bears. These authors felt that grizzly bear habitat in Banff National Park had
decreased as a result of fire suppression. Zager et al. (1981) reached a similar conclusion
in a study of bear habitat in northwestern Montana. Shrub fields, old burns, grasslands,
meadows, riparian habitats, open woodlands and old cut blocks constitute seasonally
important foraging areas (Nietfeld et al. 1985).
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Waller and Mace (1997), in the Swan Mountains of western Montana, found that both
males and females made extensive use of avalanche chutes during all seasons. During
the berry season, grizzly bears made increased use of shrub lands and cut blocks due to
the availability of fruit-bearing shrubs in this cover types. Forested areas were among the
least selected by both sexes during summer and fall although about 50% of all
radiolocations occurred in this type during all seasons.

Important bear foods in the Kananaskis include roots and corms of plants such as glacier
lily (Erythronium grandiflorum) and yellow hedysarum (Claytonia sulphurescens); green
vegetation such as horsetail (Equisetum arvense), cow parsnip (Heracleum lanatum) and
vetch (Lathyrus spp., Vicia spp.); berries such as crowberry (Empetrum nigrum),
bearberry (Arctostaphylos Uva-Ursi), currants (Ribes spp.), buffalo berry (Shepherdia
canadensis) and blueberry (Vaccinium spp.); as well as ants and ungulates (Herrero et al.
1984). Grizzly bears were found to have a similar diet in Yoho and Kootenay parks
(Raine and Riddell 1991). Blanchard (1981) found, based on the results of various
studies, that grasses and sedges consistently made up the bulk of scat contents in the
Yellowstone area.

Weaver et al. (1986 in Jalkotsky et al. 1997) defined cover as vegetation adequate to hide
90% of a standing adult bear from human view at <60 m. Cover areas should have a
diameter of at least 90 m (Nietfeld et al. 1985). In the Yellowstone area, Blanchard
(1991) found that 99% of observed grizzly bear day beds were located in forested
communities. In fact, 90% of all radiolocations in this area were in timber. However,
three-fourths of these locations were 100 m or less from an edge between timber and an
opening. Blanchard concluded from these results that the amount of timber to opening
edges was important to grizzly bears.
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2.3.3

Movement Patterns and Travel Lanes

Grizzly bears have large home ranges as a result of the species' omnivorous feeding
habits, complex population and social interactions, winter denning and aggressive
intraspecific and interspecific behaviour (Craighead and Mitchell 1982). According to
these authors, grizzly bears establish traditional movements to exploit dependable sources
of high-calorie foods, which are generally seasonal in nature. The movements of grizzly
bears can be considered on either a seasonal or daily temporal scale. Movement data
from color-marked grizzly bears in the Yellowstone area showed that many bears moved
65 to 90 km, or more, between denning areas or early spring foraging sites and ecocentres
of localized food abundance (Craighead and Mitchell 1982). Daily (24-hour)
movements, from feeding sites to bedding sites, were also recorded. These daily
movements varied from only a few kilometres to 10 to 11 kilometres.

Very little empirical data exist describing travel lanes used by grizzly bears although
some authors offer general description of travel routes. For example, Nietfeld et al.
(1985) wrote that valley bottoms and ridgetops serve as travel corridors throughout home
ranges and that river courses are also used as corridors for movement. Moreover,
Jalkotsky et al. (1997) noted that roads and linear developments could serve as travel
corridors for grizzly bears. According to this source, some authors have reported that
bears may use unpaved secondary roads as travel routes. Use of roads may increase
during darkness due to reduced traffic volumes and/or increased security. Use of trails is
believed to be greater than that of roads. A l l the travel routes described above represent
routes that are energetically efficient. Energy efficiency is believed to be a key factor in
the choice of travel routes by grizzly bears (S. Herrero, pers. comm. March 2000).

2.3.4

Sensitivity to Human Disturbance

Generally speaking, there appears to be a negative relationship between the number of
people and the number of bears observed (Mattson 1990). For example, in a study
conducted in the Cabinet Mountains of Montana, bears used areas within 100 m of trails
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less than expected, especially during the hunting season (Kasworm and Manley 1990).
Mattson (1990) reported that bear response to people residing at backcountry campsites
was usually stronger than their response to people on trails. Studies cited in Mattson
(1990) showed that bears tended to underuse areas within 0.8 to 1.0 km of campsites and
to have their activities disrupted up to 2.5 km away from heavily used campsites (>40
people/month). Similarly, Mace and Waller (1996) determined that grizzly bears were
found further than expected from trails and from lakes with campsites during most of the
growing season. Consistent with Mattson (1990), Mace and Waller found that grizzly
bears positioned themselves further from lakes with campsites than from trails.

Bears also tend to avoid roads. According to Mattson et al. (1987, in Mattson 1990),
bears avoid daytime traffic on commercial and recreational roads by as much as 500 m
during spring and summer and 3 km during fall in Yellowstone Park. In the Cabinet
Mountains of northwestern Montana, Kasworm and Manley (1990) found that grizzly
bear use was 20% of expected within 914 m of roads and greater than expected in areas
more than 1860 m from roads. These authors also monitored grizzly bears locations
relative to a seasonally closed road. They found that the mean distance from grizzly
locations to roads increased from 655 m before the opening of the road on July 1 to 1122
m after opening. Mace et al. (1996), in the Swan Mountains in Montana, found that
seasonal use by grizzly bears of areas within a 0.5 km buffer surrounding roads was less
than expected for roads receiving more than 10 vehicles per day while roads receiving
less than 10 vehicles per day generally did not affect grizzly bear use. Several authors
have concluded that spatial avoidance increases with increasing traffic levels and road
densities and have identified limiting human access to grizzly bear habitat by road or trail
as an effective management strategy for grizzly bear conservation (Mace et al. 1996,
Mace and Waller, 1997, Mattson et al. 1995).

2.4

MODELING HABITAT AND CORRIDORS

In this Section, I review selected elements of habitat modeling as well as examples of
modeling techniques relevant to this study.
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2.4.1

Modeling Basics

2.4.1.1 Definition of a Model
A model is any representation of some part of the real world (Morrison et al. 1992).
Starfield (1997) believed, however, that it was more useful to think of a model as a
hypothesis or experiment and thus, defined a model as a "purposeful representation".
Although similar, these definitions differ substantially in their implications for use. In
the first definition, a model is viewed as an accurate depiction of reality whose main
purpose is to predict the outcome of various management scenarios. In contrast, the latter
definition emphasizes the role of the model as a problem-solving tool whose primary
purpose is to help the investigator formalize current understanding about the system. In
the latter case, a model consists essentially a set of clearly stated assumptions about the
system under study, each of which can be readily converted into a testable hypothesis.
Thus, in this type of experimental model, the assumptions that make up the model are
equally as important as the final model output.

2.4.1.2

Types of Models

According to Morrisson et al. (1992), wildlife-habitat models may be classified as either
theoretical or empirical. In theoretical models, the underlying relationships between
species and their environment are based on a current understanding of the system.
Habitat suitability index (HSI) models, used widely in forest management, are examples
of theoretical wildlife-habitat models. In HSI models, an overall habitat suitability index
is calculated from the geometric mean of the values of a small number of environmental
parametres. HSI models are theoretical in nature because the underlying relationship
between habitat capability and each environmental parameter is assumed from the outset,
most often based on expert opinion. In contrast, empirically derived models are founded
on a set of field observations. Relationships between species and environments are
arrived at by exploring the patterns found in data, through the use of statistics (Morrisson
etal. 1992).
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2.4.1.3 Goals of Modeling
Habitat models may serve one or several purposes. Some of the main purposes described
in the literature are to:
•

Help understand how a system works (Conroy 1993);

•

Predict the response of wildlife species to potential environmental conditions
created from alternative management activities (Conroy 1993, Morrisson et al.
1992);

•

In the case of incomplete or dated inventories, suggest changes to inventory
procedures (Morrisson et al. 1992);

•

Assist managers in making better decisions (Conroy 1993).

2.4.1.4 Criteria for Successful Models
Conroy (1993) described four criteria for determining the usefulness of a model:
•

Realism. A model must be closely connected to a biological theory or hypothesis
that represents provisional understanding.

•

Precision. A model should be able to explain and predict real-world phenomena. As
such, it should have been shown to be valid, or at least have in place a means for
validation. This criterion was disputed by Starfield (1997) who believed that models
could be useful as problem-solving tools even if they have not been validated (see
Section 2.4.2 below).

•

Validation. A model should enable testable predictions about the consequences of
management alternatives. Management becomes the "experiment" used to evaluate
the predictive ability of the model as well as the validity of the underlying knowledge
upon which the model was built.

•

Feedback. New information generated from management "experiments" should be
used to modify and improve the original model. Conroy (1993) advocated for the
linking of model development and use, describing the relationship between the model
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developer and user as "continuous and symbiotic". In fact, model building is not a
linear process but rather, an iterative one (S. Herrero, pers. comm. July 1999) in
which a model evolves and adapts as assumptions and output are tested against real
data (Apps 1997). Good examples of such a process are provided by the Eastern
Slopes Grizzly Bear Project and the Central Rockies Wolf Project in western Canada.
In both these projects, model development and the collection of empirical data have
occurred in tandem, whereby new data is used to refine models under development.

2.4.2

Developing a Habitat Model

Farmer et al. (1982) provided a strategy for developing habitat models, which consists of
three basic stages:
•

Setting objectives

•

Formulating model relationships

•

Evaluating model performance

According to these authors, setting clear objectives at the onset helps to ensure the model
(i.e. solution) is appropriate for the problem at hand. Model objectives generally include
statements concerning the kind and level of detail of information required to solve the
problem, the number of habitat components to be modeled, as well as the geographical
area to which the model is applicable. In addition, model objectives must take into
account limitations of money, time and data availability.

The next step is to develop hypotheses about the habitat to be modeled. During this
stage, the model builder identifies habitat variables and develops assumptions about the
functional relationship of these variables. Cooperrider (1986) wrote that the precision,
accuracy and usefulness of habitat models depend largely on two things: (1) the selection
of appropriate habitat components for use and (2) the process of linking these variables
together in a meaningful way. In other words, habitat variables not only have to be
identified, but carefully defined and quantified as well. The question of relationships
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between variables is of particular importance to the present study and as such, is
discussed in more detail in Section 2.4.3 below.

The final step in building a model, evaluation, basically refers to hypothesis testing.
Farmer et al. (1982) stressed that evaluation should be an integral part of model building,
not an 'a posteriori' endeavour. According to these authors, there are two phases to model
evaluation: (1) verification, which is directed toward evaluating how well the model
matches the model builder's perception; and (2) validation, which is directed toward
determining how well the model builder's perceptions match reality.

Conroy (1993) remarked that validation is normally conducted by means of independent
observations; i.e., data not used in the construction of the model or the estimation of
model parametres. In other cases, when such data are not readily available, model results
can be assessed against the knowledge of local residents and biologists familiar with the
study area and the occurrence of wildlife within it (Holthausen et al. 1994, Cooperrider
1986, Apps 1997). However, some authors caution that it is not necessarily true that
suitability of habitats can be inferred based on the usage by or abundance of animals in
them (Conroy 1993, Schamberger and C N e i l 1986). For example, a habitat in which no
animals are present may be 'suitable' but dispersal to it from other suitable and occupied
areas has not yet occurred. Conversely, animals may be present in a habitat for reasons
other than its inherent suitability. For example, presence in a sub-optimal habitat may be
the result of displacement from more optimal habitats due to the presence of other, more
dominant resident animals (Garshelis 2000) or to human disturbance. According to
Conroy (1993), the fact that in practice most authors treat animal presence as
confirmatory of habitat suitability, and absence as evidence of lank of suitability, may
explain the relatively poor predictive ability of many habitat models. Another problem
associated with habitat model testing is that of locating either test sites or existing data
that are consistent with the model content and purpose (Schamberger and OTSfeil 1986).
Even when a model has been validated, there is no guarantee that it will perform well
under a different set of conditions than those under which the model was constructed, as
might occur under alternative management (Conroy 1993).
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Schamberger and OTSfeil (1986) believed that one of the first decisions in designing a
model test is to determine what part of the model to test. Hypotheses for model testing
can be formulated at any level within the model and may include test of assumptions,
variables, components, or overall output. Schamberger and C N e i l found that commonly,
HSI model tests deal strictly with model output, a situation, which often provides little
information for improving model performance. They emphasized that model testing
should not only provide information about model performance and reliability in specific
applications but should also provide data that can lead to model improvement for both the
model tested and for similar models. Starfield (1997) went even further by stating that
validation becomes irrelevant if a model is constructed as an experiment or viewed as a
hypothesis or problem-solving tool. In his view, a model is a logical proposition, which
only reveals the logical consequences of its assumptions (if this is true then that follows).
According to Starfield, "instead of validating the model, we need to be concerned with
the justification for the assumptions, to make sure that the model is internally consistent,
and to look for evidence that we are using or interpreting the results in a sensible
manner".

2.4.3

Relationships Between Variables

Once model variables have been selected, defined and quantified, the modeler must
determine the relative importance of each to the others (Cooperrider 1986). Cooperrider
noted that habitat components could be combined in unlimited ways using various
weighting factors and mathematical functions. Some of the most common relationships
are described in Table 2-5.
A simple additive model can be used if all variables are deemed to be equally important.
Alternatively, if the modeler determines that one variable is more important than the
others, then a weighted additive model can be used. When one or more variables are
believed to be a limiting factor, then a multiplicative or limiting factor model may be
more appropriate (Cooperrider 1986). According to Wisdom et al. (1986), the arithmetic
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mean is used when high scores fully compensate low scores. In contrast, the geometric
mean is used when high values only partially compensate the effect of low values.

In their habitat effectiveness model for elk, Wisdom et al. (1986 - see Section 2.4.6.2
below) used the geometric mean because during testing they found elk appeared to
respond primarily to habitat variables of relatively low value, with secondary
compensation provided by variables of higher value. In contrast, in a similar type of
model, Bighorn (1996 - see Section 2.4.6.2 below) used simple multiplication to combine
variables, a technique which leads to a compounding effect of suboptimal values with no
compensation by higher values. Multiplication was also used in Gibeau's (1998) habitat
effectiveness model for grizzly bears to rate overlapping disturbances. Table 2-5 shows
what happens when a low score and two high scores are combined using the different
methods described above.

The question of how to define the relationship between variables is really one of
identifying limiting factors. If simple multiplication is used, then any very low score acts
as a limiting factor. In contrast, use of the arithmetic mean implies that no single variable
acts as a limiting factor. The geometric mean acts as a sort of middle ground, with only
partial compensation by high scores.

Almost all HSI models use the geometric mean to define the relationship between
variables. However, Wisdom et al. (1986) made the assumption that any of the four
habitat variables could act as a limiting factor if the score of any of these dropped below
0.20. Thus, if the scores of individual variables were 0.1, 0.6 and 0.8 as illustrated in
Table 2-5, they would have considered resulting habitat unsuitable, even if the combined
score were 0.36.
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Table 2-5: Comparison of possible relationships between variables.

Mathematical
Relationship
between
Variables
Simple Addition

Algebraic
Expression

Numerical Expression

Result

Remarks

Examples

v, + v +v

0.1+0.6 + 0.8

1.5

Result is a
cumulative score.

Linkage Zone Prediction
Model
(Servheen and Sandstrom
1993)

Arithmetic Mean

V, + V , + V,
3

0.1+0.6 + 0.8
3

0.50

Full compensation
of low scores by
high scores.

Weighted Mean

2V, + V, + V ,
4

(2x0.1)+ 0.6+ 0.8
4

0.40

Vi is considered a
more important
determinant.

Geometric Mean

(V,xV

(0.1 x 0.6x0.8) '

0.36

Simple
Multiplication

V,xV xV

0.1 x 0.6 x 0.8

0.048

Partial compensation
of low scores by
high scores.
Greater sensitivity to
lower scores
compared to
arithmetic mean.
Effect of suboptimal scores is
compounded. No
compensation of low
scores by high
scores.

2

2

2

3

xV,)

3

,/j

1
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Most HSI models

Cheviot Mine CEA for elk
(Bighorn 1996).
HE model for grizzly
bears (Gibeau 1998).

2.4.4

Advantages and Limitations of Modeling

There is little question that models can be very useful as problem-solving and
management tools. However, they also present limitations, which researchers and landuse managers should be aware of. Below I review the main advantages and limitations of
models.

2.4.4.1 Advantages
•

Models provide a framework around which qualitative habitat information can be
structured for decision-making (Berry 1986).

•

Models allow for the structuring of qualitative and quantitative relationships into
testable hypotheses (Berry 1986).

•

Viewed as a purposeful tool rather than a representation of reality, even a model that
is built on the basis of insufficient data or poorly substantiated assumptions can
provide robust - albeit largely qualitative - conclusions, provided that objectives are
clear and the model is developed carefully according to a tight logic (Starfield 1997).

•

The habitat approach to land-use planning allows the manager to assess potential
wildlife population limits without having to resort to case-by-case measurement of
the wildlife population (Farmer et al. 1982). Such an approach can save time, money
and resources as well as allow for the timely input of information into the decisionmaking process.

•

Traditionally, the standards of science have not been applied to the decision-making
process of land-use planning. Habitat models may be an effective means by which to
integrate the rigour of scientific research into the realm of planning (Berry 1986,
Apps 1996).

2.4.4.2 Limitations
•

Models are crude simplifications of the systems they attempt to depict. They require
numerous assumptions and can never truly mimic the real world (Berry 1986). For
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example, the confounding effects of variations in mating behaviour, human activities,
chance events and weather have been shown to thwart efforts to predict landscape use
by grizzly bears (Hamer and Herrero 1983, in Paquet et al. 1994).
Descriptive empirical models should not be taken to represent conditions with a
broader geographic area or range of ecological conditions than represented in the
original study area (Morrisson et al. 1992). Thus, the applicability of such models is
often quite restricted.
Habitat models are based on the assumption that variations in food, cover, and
physical features of habitat are paralleled by observed differences in species
distribution and abundance. However, as discussed earlier in Section 2.4.2, this
assumption may mot always be valid (Farmer et al. 1982).
Habitat models are most often based on structural characteristics of habitats but
generally do not account for landscape characteristics such as habitat size and
spacing and non-structural variables such as competition and predation (Krohn
1992) .
Relatively little effort has gone into testing compared to building habitat models,
which brings into question the reliability of model outputs (Conroy 1993). This is
especially a concern given the often-controversial nature of decisions resulting from
use of habitat models (Krohn 1992).
Some types of modeling efforts, in particular those designed to predict habitat
suitability, are generally weak on both theoretical and empirical grounds (Conroy
1993) . This is especially true when a model is constructed using existing
information. According to Farmer et al. (1982), synthesizing available data into
model relationships involves considerable judgment and often requires subjective
decisions.
Inadequacies of regional and site-specific databases can limit the quality of modeling
results (CNeil and Witmer 1991). For example, data can be outdated, have been
collected at an inappropriate scale, lack appropriate attributes, or offer incomplete
coverage of the study area. This last item is an especially common problem when
undertaking a regional assessment, in which ecological boundaries may span across
several jurisdictions each with its own, and often incompatible, databases.
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•

Biological thresholds for target species are often lacking (CNeil and Witmer 1991,
Gibeau et al. 1996). These include minimum thresholds of connectivity for adequate
protection of species (Walker and Craighead 1997) as well as tolerance thresholds to
human disturbance (Paquet et al. 1994).

2.4.5

Use of Geographic Information Systems in Modeling

Increasingly, habitat modeling efforts rely on Geographic Information Systems (GIS) for
analysis, decision-support and presentation purposes.

From an analytical standpoint, one of the most important benefits of a GIS is the ability
to spatially interrelate multiple types of information stemming from a range of sources
(Lillesand et al. 1994). Once the data have been geocoded to form a series of data files or
layers, the analyst can then manipulate and overlay the information contained in, or
derived from, the various data files (Lillesand et al. 1994). Raster systems, in which data
are recorded on a cell-by-cell basis within a prescribed grid, are particularly well suited to
the study of data that are continuously changing over space such as terrain, vegetation
biomass, rainfall, etc. (Eastman 1995). Because the structure of raster systems closely
resembles the architecture of digital computers, such systems can efficiently evaluate
problems that involve various mathematical combinations of data in multiple layers
(Eastman 1995). On the down side, raster systems tend to require large data files, which
become cumbersome for storage and transfer. As well, in a raster system, the spatial
resolution of the data is limited to the size of the cells comprising the raster (Lillesand et
al. 1994). However, in practice, this resolution is generally adequate for most resource
management applications.

More and more, GIS is gaining value as a decision-support tool. Its usefulness lies partly
in its ability to present large volumes of data to natural resource managers in a way they
can understand (Specht 1995). Moreover, it allows decision-makers to take into account
information that spans extensive spatial and temporal scales (Apps 1996). As well, while
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the traditional reductionist approach to science has striven to remove complexity in order
to understand process in isolation, GIS allows the retention of a level of complexity that
resembles more closely that of a real environmental setting (Eastman 1995).

While there are many advantages of using GIS in habitat modeling, it is important to be
aware of its limitations. Eastman (1995) pointed out that GIS has had an enormous
impact on virtually every field that manages and analyzes spatially distributed data. Its
speed, consistency and precision as well as its strongly graphic character make it highly
impressive and hard to resist. However, because of its sophistication and slick character,
GIS can easily give a false sense of accuracy (Apps 1996). Eastman (1995) cautioned
that the system has no inherent answers, only those of the analyst. Subjective decisions
of scale and resolution, for example, can dramatically affect results and consequently,
such decisions should always be made explicit (Aronoff 1989, in Apps 1996). As well,
the high presentation capabilities of a GIS may mask the poor quality of the data that
served as original input for the analysis. Indeed, in a GIS analysis, the accuracy of the
final output reflects that of the data used as input and in reality, all data sets contain
inherent assumptions and errors. In light of these limitations, Apps (1997) concluded that
the results of GIS-based models must be interpreted with caution and assumptions
explicitly understood, especially when results are used in planning applications.

2.4.6

Overview of Relevant Model Types

In this section I review various model types that are pertinent to the study of movement
corridors. Emphasis is placed on models that take into consideration the effects of human
disturbance or address the concepts of connectivity and wildlife movements.

2.4.6.1 Habitat Suitability Models
According to Berry (1986), HSI models are the most common form of single species
models and are based on assessment of the physical and biological attributes of habitat
for a particular species. In developing an HSI model, the researcher uses existing data,
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the literature and expert opinion to develop an equation or algorithm designed to predict
the suitability of habitat for a wildlife species based on a small number of selected habitat
variables. Variables included in the models are limited to those (1) to which the species
responds; (2) that can be measured or estimated readily; (3) whose value can be predicted
for future conditions; (4) that are vulnerable to change during the course of the project;
and (5) that can be influenced by planning and management decisions (Berry 1986).
Suitability is indicated by an index ranging from 0 to 1, with 0 indicating unsuitable
habitat and 1, optimal habitat. Each variable is then combined into an overall index value
for that area, usually through the calculated of the weighted mean as the following
equation illustrates:

HSI = (V, x V

2

xV )

1 / 3

3

HSI models are useful for determining the overall habitat value of an area for a given
species, based on present and alternative management scenarios. However, they are not
designed to take into consideration habitat alienation due to human presence. As well,
they generally do not consider landscape characteristics such as connectivity, patch size
or the spatial distribution of habitat components. In addition, Cooperrider (1986)
remarked that since habitat suitability cannot be directly measured, validation of HSI
models is difficult if not impossible. As well, this type of model is not deemed spatially
explicit because the final output is strictly numerical in nature.

2.4.6.2 Habitat Effectiveness Models
Habitat effectiveness modeling is a technique aimed at quantitatively and qualitatively
assessing the effects of human actions on wildlife and their habitat. According to Gibeau
et al. (1996), it is a major component of cumulative effects assessment (CEA), which is
described in the following section. In Canada, a grizzly bear habitat effectiveness model
was developed by researcher Mike Gibeau (1998) based largely on the cumulative effects
model (CEM) put forth by the U.S. Department of Agriculture Forest Service (USD A
1990). This model has been applied in the Canadian Rocky Mountain Parks (Gibeau et
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al. 1996, Gibeau 1998) as well as on the Eastern Slopes of central Alberta as part of the
Cheviot Mine C E A (Kansas and Collister 1999).

Gibeau (1998) defined habitat effectiveness (HE) as the comparison between the value of
habitat in pristine conditions and its value when human disturbance is factored in. To
conduct his H E analysis, Gibeau divided his study area into bear management units
(BMUs). He then evaluated potential grizzly bear habitat for each B M U based on spatial
and temporal distribution of foods for each season. He used a rating scheme of 0 to 10, in
which 0 was interpreted as no value to grizzly bears and 10 referred to optimum habitat.
The next step of the model involved calculating the disturbance component for each
B M U . This component, also rated from 0 to 10, represented the realized ability of grizzly
bears to continue using habitats influenced by human activity and was arrived at through
the application of disturbance coefficients and zones of influence determined for specific
categories of human activities. The H E of each B M U was then calculated by dividing the
disturbance value by the habitat value, as per the following equation:

HE - habitat value after accounting for human disturbance X 100
habitat value under pristine conditions

Gibeau et al. (1996) noted that a limitation of this model stems from the fact that the
actual response of individual grizzly bears to varying levels of habitat effectiveness has
not been empirically determined. Moreover, there no clearly defined habitat
effectiveness thresholds beyond which grizzly bear use is significantly restricted or
eliminated.

The concept of habitat effectiveness has received application in the study of elk habitat as
well. For example, Wisdom et al. (1986) used this concept in a model to evaluate elk
habitat in Western Oregon. Wisdom et al. defined HE as the proportion of achievement
relative to an optimum condition. H E values ranged from 0.05 to 1.0 representing
minimum and optimum conditions, respectively. This definition of H E differs from that
of Gibeau et al. (1996) in one substantial way. In Gibeau's model, H E was used
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specifically to account for the alienating effects of human disturbance. In the Wisdom et
al. model, however, the concept was applied to any variable and simply represented a
comparison to the optimal condition for that variable.

Wisdom et al. (1986) used four variables in their model including: sizing and spacing of
forage and cover area (S), density of roads open to vehicular traffic (R), quality of cover
(C) and quality of forage (F). A HE index was calculated for each of these variables after
which an overall habitat effectiveness index was obtained from the geometric mean of the
individual HE values, as shown in the following equation:

HESRCF = ( H E

S

x HE

R

x HE

C

x HE )

1 / 4

F

Bighorn Environmental Design Ltd. (1996) used a very similar habitat effectiveness
model as part of the cumulative effects assessment for the Cheviot Mine. This spatially
explicit model was composed three separate routines: (1) inherent habitat effectiveness,
which quantified habitat quality for elk within the study area; (2) existing or modified
habitat effectiveness, which quantified human disturbance effects on elk habitat quality;
and (3) future habitat effectiveness after mine disturbance, quantifying the effects of
future mine disturbance on elk habitat quality. In the first routine, HE HEc and H E F
Ss

were calculated according to the methodology of Wisdom et al. (1986) while taking into
account local habitat characteristics and availability. These three values were then
combined, through simple multiplication, to obtain a map of inherent habitat supply. The
second routine was based on the application of disturbance coefficients and zones of
influence associated with all existing human features in the study area in much the same
manner as was done for grizzly bears by Gibeau (1998). However, different values were
used to account for differences in species responses to human disturbance. The final
output of the second routine was a map of existing habitat supply, produced by
multiplying, on a cell-by-cell basis, inherent habitat supply by disturbance coefficients.
Finally, the third routine was essentially the same as the second except that future mine
developments were added to the list of disturbance features.
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2.4.6.3 Cumulative Effects Assessment
Cumulative effects analysis (CEA) assesses the effects on a system of spatial and
temporal perturbations resulting from human activities (Beanlands et al. 1986, in Gibeau
et al. 1996). It differs from an impact assessment in that it assesses the effects of all
activities in a given area rather than focusing narrowly on a single project (Bighorn
Environmental Consulting Ltd. 1999). According to Gibeau (1998), cumulative effects
result from individually minor disturbances that when taken collectively, become
significant as demands on the land increase. Especially important in C E A is the
consideration of threshold levels of disturbance that a population or guild of species can
withstand and still remain viable. Mattson and Knight (1991, in Gibeau 1998) stated that
a C E A for grizzly bear has four basic components: (1) a detailed habitat description and
capability analysis; (2) comprehensive accounting of all current and proposed human
activities and developments; (3) establishment of population threshold levels; and (4)
population viability analysis. This fourth component requires that C E A be carried out at
a scale large enough to include the entire population under study (Gibeau 1998). While
cumulative effects assessment is in itself is not a form of modeling, in most cases, several
modeling techniques are used to carry out its several components. For example, the C E A
conducted by Kansas and Collister (1999) for the Cheviot Mine included: (1) habitat
effectiveness assessment, (2) security area analysis; (3) linkage zone prediction analysis;
(4) road density analysis; and (5) mortality and population analysis assessment. Models
formed the basis of all these assessments. The first three of these are discussed separately
below.

In western North America, C E A has been applied primarily to the study of grizzly bears
(Herrero and Herrero 1996a, Gibeau 1998, Kansas and Collister 1999) although it has
also been used for elk (Bighorn 1996, 1999, O N e i l and Witmer 1991) as well as for
selected bird species (Bighorn 1999). OTSfeil and Witmer (1991) developed a model to
estimate potential cumulative impacts of multiple hydroelectric developments on known
and potential use areas for elk and mule deer in Idaho. They assessed five habitat
components: permanent habitat loss, loss of forest cover, loss of special areas, migration
blockage and road or travel disturbance. Impact levels from 0 to 4 were assigned for
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each development and for each habitat component based on the impacts anticipated and
the estimated value of the site to elk and mule deer. The total cumulative impact score
was determined by summing the individual project impact scores and then adjusting for
any project interactions, by the application of interaction coefficients. Difficulties they
encountered in conducting the cumulative impact assessment included: inadequacies of
the regional natural databases and site specific data, definitions for biological thresholds
for target resources, and the absence of quantitative validated relationships (or
interactions) of resource responses to multiple impacts (i.e. lack of biological response
curves).

2.4.6.4 Core Security Area Analysis
According to Gibeau and Herrero (1998), the U S D A Cumulative Effects Model (1990)
fails to explicitly address the need for habitat security, whereby bears maintain wary
behaviour, nor does it assess the value of small areas left between zones of human
disturbance. Security area analysis is a GIS-based modeling approach that strives to
identify micro-scale security areas where bears can forage for 24 to 48 hours safe from
human disturbance (Mattson 1993, Gibeau and Herrero 1998). Such security areas help
to reduce the incidence of poached bears, bears killed out of self-defense, and bears killed
by management agencies because of unacceptable behaviour (Gibeau and Herrero 1998).

Modeling of security areas requires the integration of elevation, land cover and human
activity information and also takes into consideration the size of habitat patches. In
essence, security areas represent what is left after unsuitable portions of the study area are
removed according to a number of criteria. First to be removed are areas of unsuitable
habitat for foraging bears (e.g.: high elevations, rock, ice, open water, etc.). Next, 500 m
wide buffers applied to human disturbance features with high use levels are removed
from future security considerations. Finally, any area that does meet a minimum size
2

2

criterion (10 km in Kansas and Collister 1999; 9 km in Gibeau and Herrero 1998),
based on the average daily area requirement for an adult female grizzly bear, is
eliminated. The remaining patches are core security areas.
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2.4.6.5 Connectivity Models
The following section addresses modeling techniques that deal specifically with corridors
or landscape connectivity.

2.4.6.5.1

Linkage Zone Prediction Model

The linkage zone prediction (LZP) model was first developed and used by Servheen and
Sandstrom (1993) in the Swan-Clearwater valleys in Montana in an attempt to delineate
potential linkages between areas of habitat for grizzly bears separated by human
activities. Subsequent iterations of the models have been conducted in the Canadian
Rocky Mountain parks (Gibeau et al. 1996), along the Highway 3 corridor in
southeastern British Columbia (Apps 1997) and, most recently, in the Cheviot Mine area
(Kansas and Collister 1999). Typically, the LZP model has been applied to large valley
settings experiencing high levels of human activity while at the same supporting
inherently high grizzly bear habitat (Servheen and Sandstrom 1993, Gibeau et al. 1996,
Apps 1997) although it has also been used to assess connectivity across an entire
landscape (Kansas and Collister 1999). A major assumption of this model is that the
most critical factor determining grizzly bear presence and movement patterns is not
quality habitat containing bear foods, but human activity (Servheen and Sandstrom
1993). Research has shown, however, that this assumption is generally not valid, except
in the case of extreme human activity (S. Herrero, pers. comm. October 2000).
According to Herrero, all time budget studies of grizzly bears suggest they spend 80-90%
of their time in or nearby foraging areas.

The LZP model uses four criteria, in the form of computer-based GIS layers, to predict
bear movement patterns and habitat use (Gibeau et al. 1996):
•

Density and nature of developed human sites (scored between 2 to 6)

•

Access route density (scored between 2 to 5)

•

Presence or lack of hiding cover (scored between 2 and 5)
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•

Within a riparian zone (used for food, cover and travel routes - scored
between 1 and 2)

Each layer, which consists of a raster grid, is assigned a score based on a subjective rating
scheme, as indicated above. The scores are then summed, on a cell-by-cell basis, to
produce a layer representing total human influence on habitat use and mortality risk
within the area. According to this scheme, high scores represent areas heavily impacted
by human disturbance and of low security for grizzly bear use and movements. Linkage
zones are therefore identified as areas of low scores, i.e., where human impacts are
minimal and security is high. The relationship between the variables of this model
indicate that human development has the greatest effect on connectivity while the riparian
criteria was the least influential.

2.4.6.5.2

Friction Modeling

In an attempt to assess potential highway effects on wolf habitat use and movements
within the Golden Canyon in British Columbia, Callaghan et al. (1998) constructed a
spatially explicit, probabilistic model of wolf habitat use and movements using biological
information collected from studies of wolf ecology in the Rocky Mountains. The model
relates the movements and habitat use of wolves to availability of prey, physiography,
and human activity. The model is termed a "friction" model because it quantifies
resistance of the landscape surface to movement of wolves.

The friction model consists of two sub-models: (1) a habitat model and (2) a movement
model. The habitat model consists of an empirically derived habitat suitability model,
which quantifies the suitability of habitat for wolves for the summer and winter seasons.
The habitat model takes into consideration the following parametres: terrain ruggedness,
elevation, aspect, hiding cover and prey (elk) habitat quality. One important assumption
of the friction model is that wolf habitat selection, as defined by the habitat model,
equates with wolf habitat selection for movement (i.e. wolves tend to move through
patches of suitable habitat rather than unsuitable habitat.). This assumption has important
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implications for the modeling of potential movement corridors based on habitat
suitability.

In the movement model, a pathway analysis is used to simulate movements and calculate
the cost of travel between two predetermined points. This approach implies the
development of a friction surface, which expresses, in relative terms, ease of movement
through the landscape. The friction surface takes into account the quality of habitat as
determined by the habitat model (low quality habitat and receiving higher friction values)
as well as potential impediments to movement such as watercourses or transportation
corridors.

The work undertaken by Walker and Craighead (1997) could also be considered a form
of friction modeling. The authors of this study used least-cost path analysis to delineate
broad (kilometre-scale) potential dispersal routes between three large core protected areas
in the American Rocky Mountains. Targeted species included grizzly bear, cougar and
elk. According to Walker and Craighead, two general factors affect wildlife movements:
the most suitable connected habitat (in the absence of humans) and the degree to which
human-related impediments are present in the landscape. In their model, these authors
attempted to balance these two factors. While Walker and Craighead believed that their
method allowed the identification of routes which would offer the best odds of survival to
an animal dispersing between core protected areas, they stopped short of claiming that the
routes they identified were the most likely to be used by dispersing animals.

For modeling best regional scale corridor routes, Walker and Craighead (1997) made the
following assumptions:
•

Good corridors are comprised primarily of preferred habitat types. This
assumption was based on the belief that preferred habitats offer a greater
probability of at least short-term survival, given that an animal is more likely
to be able to find adequate food and shelter therein. However, the authors
recognized that it was possible for an animal to pass through unsuitable
habitat for a short period without significant harm.
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•

Humans pose problems for successful transit by either attracting or repelling
transiting individuals;

•

Current human developments are permanent;

•

The least-cost path, based upon the previous assumptions, offers an animal the
greatest probability of survival in traversing the entire distance between core
reserves. The least cost path balances habitat suitability, minimum Euclidean
distance and degree of connectivity between two end points.

Walker and Craighead developed three input GIS coverages to model best potential
corridor routes: (1) habitat quality (per species per vegetation type); (2) amount (length)
of forest and shrub/grassland interface; and (3) road density. They believed that the first
two were measures of the quality of an area in terms of its utility to a species, while the
third was a good indicator of the amount of human use and disturbance in the area. For
2

each 1 km cell, habitat quality was rated from 0 to 3 for each species, based on the
literature and expert opinion. Also, for each cell, the total length of forest-shrubland edge
2

and forest-grassland interface was calculated (in units of km/km ) and finally, road
density was derived in a similar manner. The relationship between the three variables
followed the expression:

cell resistance = - 1.0 x ((habitat coef.) x (edge coef.) + (road density coef.)

For the edge and road density coefficients, the authors took log transforms of the original
2

values (units of km/km ) and then normalized them to values of 0 to 2 and 0 to 1,
respectively. This reduced the sensitivity of the model to extreme values of road density
and edges, and increased the sensitivity to changes in the lower ranged values. The
habitat value, which was initially rated from 0 to 3, was normalized to values of 0 to 1.
They multiplied the habitat value and edge coefficients together to reflect the fact that
these coefficients interact and are not entirely independent measures. The road density
coefficient was added because it was clearly independent of the other factors.

in

The final step of this model was to conduct least-cost path analysis using the speciesspecific cost surfaces. Pairs of core-protected areas within the study area were used as
origins and destinations. An important characteristic of the friction or least-cost path
modeling approach is that it implies known origins and destinations. Such a technique
may not be as useful when trying to model corridors between a large number of habitat
patches, as is the case in the present study.

2.4.6.5.3

Landscape Connectivity Modeling

Bunn et al. (2000) applied a graph-theoretic approach to the assessment of landscape
connectivity for American mink and prothonotary warblers in the Coastal Plain of North
Carolina. Their GIS-based method consisted of representing habitat and non-habitat
areas in a binary representation referred to as a graph. They used least-cost path analysis
to calculate the functional distance between habitat patches. Then, the authors calculated
connectivity as defined by two metrics: area-weighted dispersal flux (F) and longdistance traversability (T). F is governed by area and dispersal potential and measures a
habitat patch's influence on a landscape-level metapopulation. T is a function of the
graph's diameter, defined as the longest path between any two habitat patches in the
graph, and is viewed as a proxy for spreading-of-risk or long-distance rescue. Their
method also allowed them to assess the importance of individual habitat patches to the
overall connectivity of an area as well as determine species-specific connectivity based
on the dispersal distance thresholds established for each of the focal species (25 km for
mink and 5 km for prothonotary warblers).

According to Bunn et al. (2000), one of the strengths of the graph-theoretic approach is
the fact that it does not require a lot of biological data. Moreover, in addition to being
applicable at any scale, it allows managers and researchers to take an initial, but
thorough, look at the spatial configuration of a landscape. Finally, it can provide initial
processing of landscape data and serve as a guide to help develop and marshal landscapescale plans, including the identification of sensitive areas across scales. Limitations of
the approach are its binary depiction of the landscape, which represents a gross
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simplification of reality, and its failure to take into consideration the effects of human
activity on wildlife movements.
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3

METHODOLOGY

3.1

SCOPING

3.1.1

Defining the Study Area

The spatial scope of the study was determined through consultations with Parks Canada
at the onset of the project. Particular consideration was given to the movements of
wildlife both within K N P and on adjoining provincial and private lands with the
recognition that many large mammalian species in the Radium area are wide-ranging and
have annual home ranges that span across jurisdictional boundaries. More specifically,
the study area boundaries were established after considering the following:
•

Several wildlife species, including bears and some ungulates, undertake seasonal
migrations along an elevational gradient in order to maximize access to lush, green
forage.

•

The Columbia River valley likely serves as a regional movement corridor for many
wide-ranging species.

•

The mountains separating the Kootenay and Columbia valleys are very steep and
probably serve as a barrier to most species attempting to move between these two
watersheds. Therefore, any lower elevation passes or valleys linking the Kootenay
and Columbia watersheds are likely significant from the standpoint of wildlife
movements between these two valleys.

The study area was initially delineated to include the portion of the Columbia River
valley and mountains east of this valley between Kindersley Creek and Stoddart Creek.
The eastern limit was defined as the main ridgeline separating the Kootenay and
Columbia watersheds while the western limit was set to coincide with the western edge of
the Columbia River floodplain. Subsequently, the northern limit of the study area was
extended to include the Luxor Creek drainage after preliminary research revealed that this
valley probably serves as an important linkage between the Columbia and Kootenay
valleys and thus, should be included in this study.
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3.1.2

Identifying Focal Species

As previously discussed in Section 1.3.6, the Radium area contains a remarkable
diversity of wildlife species. According to Paquet et al. (1994), it is impractical to
rigorously address corridor requirements of all species within a study area, especially
given the complexities of corridor design. Noss (1991) recommended identifying and
maintaining the ecological needs of umbrella or indicator species whose spatial and
ecological requirements encompass those of many other species. Hence, one of the first
tasks of this project was identify appropriate focal species based on ecological and, to a
lesser degree, social value criteria. Availability of species-specific ecological
information was also taken into consideration.
The selection of focal species was first initiated through consultation with provincial
biologists and Parks Canada staff. In May 1998,1 approached five local and regional
wildlife experts with a grid, which included a list of all the large to mid-sized mammals
known to use the study area. The key informants were asked to rate the different species
according to a variety of selection criteria modified from Green and Salter (1987). Table
3-1 lists the species and criteria considered in this initial scoping exercise. A copy of the
actual evaluation grid is provided in Appendix 4. Once individual grids were completed,
the results were compiled into a master grid, which provided an initial "short-list" of
candidates. Species retained after this first selection process were: elk, bighorn sheep,
mule deer, grizzly bear, black bear, cougar and bobcat.

To further narrow the selection of focal species, in July and August 1998 I held a second
round of key informant interviews to acquire more in-depth knowledge of wildlife use in
the area. This round of interviews included a much broader scope of key informants than
previously. In total, 28 people were interviewed including: local hunters, guide/outfitters,
trappers, long-time residents knowledgeable about wildlife, as well as local and regional
biologists from provincial and federal agencies (Table 3-2).
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Table 3-1: Species considered and criteria used in the initial selection of focal species, Radium Hot
Springs area, B.C., 1998.

Large to Mid-sized
Mammalian Species Present in
Study Area

Selection Criteria

•
•
•
•
•
•
•
•
•
•
•
•
•

•
•

Grizzly bear
Black bear
Cougar
Bobcat
Coyote
Wolf
Lynx
Bighorn sheep
Mountain goat
Elk
Moose
Mule Deer
White-tailed deer

•
•

•

Presence in study area
Ecological aspects
• Importance to system
• Vulnerability
• Sensitivity to humans
• Resilience
Management Status
Economic importance
• Commercial value
• Subsistence value
Recreational importance
• Consumptive use
• Non-consumptive use
Availability of habitat information
Existence of habitat model

Table 3-2: Key informants used during the second round of interviews, Radium Hot Springs, August
1998.

Category

Number

Parks Canada employees

4

Provincial biologists

4

Wildlife consultants

4

Long-time residents (including ranchers) knowledgeable about wildlife

8

Hunters, trappers, and guide/outfitters

8

The interviews focused on the seven species initially short-listed. For each species, key
informants were asked to describe any relatively recent (i.e. within the past 5 years or so)
sightings or field sign, such as readily identifiable tracks or scats. Whenever possible, the
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location of sightings or field sign was recorded spatially on a 1:20,000 scale orthophoto
of the study area. As well, notes were taken as to the date of observation and any other
pertinent information, such as sex, age, number of animals, or direction of travel. In
addition to specific sightings, any information regarding general habitat use or movement
patterns of the focal species was also recorded.

The information gathered during this second round of key informant interviews,
combined with additional consultations with Parks Canada staff and a comprehensive
literature review on the subject of movement corridors, allowed me to narrow the scope
of the study to three species: bighorn sheep, elk and grizzly bear. Specific reasons for the
selection of each of these species are provided below.

3.1.2.1 Elk
Elk were chosen as a focal species for the following reasons:
•

Elk are considered a landscape level species because their annual home ranges are
relatively large and their habitat requirements are met through the presence of a
variety of vegetation types and landscape features (Bighorn Environmental
Design, Ltd. 1996). Within the study area, annual home ranges span across
various jurisdictions, and thus, an ecosystem-based management approach is
essential to ensuring the persistence of this species.

•

Elk numbers have dropped significantly in the East Kootenay over the past fifteen
years from a high of 30,000 animals in the late 1980s to 16,500 in 1998 (Raedeke
1998). Management objectives for the East Kootenay are to increase population
levels to 23,000 (Raedeke 1998).

•

Elk are an important prey species for large carnivores such as wolves and cougar.
Protecting the prey base is a necessary - albeit insufficient - condition for ensuring
the persistence of local and regional carnivore species.

•

Elk are considered sensitive to human presence and activities. In winter elk
occupy habitats, such as valley bottoms, where human activities abound. As well,
they must move through largely unprotected land in their seasonal migrations
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between summer and winter ranges. Elk are therefore likely to be affected by
current and potential human activity and developments within the study area and
can serve as good indicators of disturbance levels (Bighorn 1996).
•

Public hunting of wild ungulates is an important cultural heritage (Boyd et al.
1986).

•

Elk are of economic importance to the region, especially in terms of generating
hunting-related revenue. In 1990, 84% of the provincial elk harvest and 79% of
the elk hunter-days came from the Kootenay region, mainly from the East
Kootenays (Raedeke 1998). According to Boyd (1978), the economic value of
elk to communities near hunting areas is tremendous. Gayton and Hansen (1997,
in Raedeke 1998) reported that deer and elk hunters spend over $7 million
annually on hunting equipment and supplies in the East Kootenay area.

•

Elk are a prized, charismatic species and are considered an important species for
non-consumptive wildlife use. Reid (1989, in Raedeke 1998) found that 75% of
residents in the Kootenays participated in non-hunting activities related to deer or
elk.

•

A large amount of information is available on elk habitat requirements, a
necessary condition for modeling habitat and movement corridors.

3.1.2.2 Bighorn Sheep
Bighorn sheep were selected as a focal species for many of the same reasons as elk.
Specifically:
•

Much like elk, bighorn sheep make seasonal migrations that cross several
jurisdictions in order to access distinct summer and winter ranges. Of particular
concern is the sheep winter range, which is seriously threatened by human
encroachment in the form of residential and recreational development as well as
by degradation due to forest encroachment.

•

Bighorn sheep are considered vulnerable in British Columbia and are on the
province's Blue list of species. The species' vulnerable status is attributable to its
low overall population and patchy distribution as well as to the threatened nature
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of its winter ranges. The Radium herd accounts for roughly 8% of the provincial
population (Forbes 1999).
•

Bighorn sheep are important economically as they generate both hunting- and
tourism-related revenues.

•

7

Sheep are a good flagship species because they are charismatic, highly visible
and afford excellent viewing opportunities.

•

As in the case of elk, the habitat requirements of bighorn sheep are reasonably
well understood, a prerequisite of any habitat modeling exercise.

3.1.2.3 Grizzly Bear
Although I had originally limited the scope of this study to bighorn sheep and elk, as the
project evolved, it became apparent that grizzly bear would also constitute a useful focal
species for this study, especially for modeling movement corridors in the mountainous
portion of the study area. Indeed, in the Radium study area, grizzly bears make extensive
use of the more remote habitats in the eastern, higher elevation portion of the study area
(Poll et al. 1984), where elk and sheep use may not be as significant or widespread.
Moreover, although I believed grizzly bear and elk might share common corridors, I felt
that grizzly bear would be an important species to model for due to its high sensitivity to
human disturbance. Other reasons for selecting grizzly bear as a focal species included:
•

Large-bodied carnivores, such as grizzly bears, with extensive area requirements are
being increasingly used as umbrella species for conservation planning in the Rocky
Mountains (Noss et al. 1996, Walker and Craighead 1997).

•

The grizzly bear, because of its low reproductive rate, large home ranges and
sensitivity to direct human impacts, constitutes a sensitive regional indicator of
fragmentation and effects of human development (Walker and Craighead 1997).
Grizzly bears are one of the first species to be lost from an area as a result of land
development activities (Gibeau and Herrero 1998).

7

A flagship species is one that people relate to in a positive emotional way ("warm and fuzzy" or especially
interesting and attractive species) and which elicits a strong protective reaction (Meffe and Carroll (1997).
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•

Grizzly bears are highly valued as the ultimate symbol of wilderness. As such, they
can serve as an effective flagship species for conservation (see footnote on preceding
page).

•

Grizzly bear have been the focus of other recent modeling efforts in the Rocky
Mountains (Servheen and Sandstrom 1993, Apps 1997, Gibeau 1998, Herrero and
Gibeau 1998). Because they were developed for grizzly bear in conditions similar to
those found in the Radium area, these models can be effectively applied to the present
study area.

3.2

MODELING POTENTIAL M O V E M E N T C O R R I D O R S

3.2.1

General Approach

The GIS-based modeling approach adopted in this study integrates several of the
techniques described in Section 2.4 as well as the ecological information presented in
Sections 2.1 to 2.3. While the models developed for this project are by necessity speciesspecific, I followed a common general approach for all three focal species. This
approach consisted of four basic steps:
1. Assessing inherent habitat quality across the study area (habitat routine)
2. Accounting for the effects of human disturbance (disturbance routine)
3. Accounting for how animals move across the landscape (movement routine)
4. Identifying potential linkages for each species (combination of habitat,
disturbance and movement routines)

The primary objective of each model was to identify corridors that are most likely to be
used for the movements of each of the focal species. Major assumptions that were made
included:
1. Animals select areas of suitable habitat for their movements (i.e., movements are
more likely to occur along stretches of suitable habitat than in areas of unsuitable
habitat).

120

2. Existing habitat data sets accurately represent seasonal habitat suitability within
the study area for each species.
3. Human disturbance, in the form of development, transportation corridors and
activities, impedes wildlife movements due to decreased security, either real or
perceived.
4. Movements tend to occur along paths that are energetically efficient.
5. Empirical data regarding habitat use or movement patterns by wildlife in other
areas can be applied to the present study area.
6. A l l cohorts of a species have similar movement patterns and use the same criteria
in the choice of travel routes.

Arc/Info software was selected as the GIS platform because of its sophisticated analytical
capabilities, its capacity to deal with large data files as well as to integrate data sets from
various formats. Arc/Info offered the added advantage of allowing easy editing of data
layers. Analysis was conducted using the raster Arc/Grid environment. A raster
environment is ideally suited to a multi-layered analysis as calculations are performed on
a cell-by-cell basis; a conceptually straightforward approach to integrating various layers
of data. A l l grids used in the analysis had a 25 x 25 m cell size. Analyses were
performed in the GIS lab of the Geography Department at the University of Calgary.
Data were stored on a hard drive and backed up on an on-line FTP site.

In the next sections, I describe in more detail the methodology as it relates to each focal
species. Although the same general approach was followed for each of the three focal
species, some differences in methodology were inevitable due to differences in: (1) the
availability of existing habitat data; (2) the sensitivity of each species to human
disturbance; and (3) the way in which each species uses the landscape.
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3.2.2

Elk Model

3.2.2.1 Model Overview
The approach I used for elk was inspired by the habitat effectiveness model developed by
Bighorn (1996) and described in Section 2.4.6.2. Bighorn (1996) provided a useful
framework for delineating areas of highest effective habitat, i.e. areas of highest habitat
value after the human disturbance has been factored in. To this, I added a movement
component to account more fully for the selection of preferred travel routes connecting
areas of high habitat effectiveness. Thus, the elk model contained three components or
sub-models: a habitat routine, a human disturbance routine and a movement routine.
Figure 3-1 provides a conceptual representation of this model while each of its routines is
described in greater detail in the sections that follow.

Figure 3-1: Conceptual diagram of the elk model.

POTENTIAL CORRIDORS FOR E L K

Habitat Routine

Disturbance Routine

Movement Routine
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/
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122

riparian
areas
visual
cover

slope

3.2.2.2 Habitat Routine
The objective of the habitat routine was to spatially depict, on a seasonal basis, inherent
habitat quality for elk across the study area, without regard for human disturbance. The
development of this routine followed the methodology of Bighorn (1996), which was
largely inspired from earlier work by Wisdom et al. (1986). I incorporated two variables
into this routine: (1) winter and summer habitat suitability and (2) distance from the
ecotone between forage and cover areas. The importance of ecotone to elk was discussed
in Section 2.1.3.2.6.

3.2.2.2.1

Habitat Suitability

In a first step, I produced a map depicting habitat suitability as based on the wildlife
ratings contained in existing digital data sets. I derived most of the ratings from the
Stoddart Creek Terrestrial Ecosystem Mapping (TEM) data set made available by the
Columbia Basin Fish and Wildlife Compensation Program (Marcoux et al. 1997). The
T E M data set featured habitat suitability ratings from 1 to 6, which had been assigned to
individual ecosystem units (also referred to as site series) through a subjective assessment
made by field biologists working on the project. Assessments were based on the
literature as well as field sign observed during field sampling (M. Ketcheson and M .
Mathers, pers. comm. May 1999). Because the ecosystem units were not spatially
referenced, I had to recalculate the suitability ratings for individual, spatially defined
polygons to produce a habitat suitability map. A detailed account of how I determined a
habitat suitability rating for each T E M polygon is provided in Appendix 5.

One complicating factor was the fact that the boundaries of the T E M data set and that of
the present study area did not coincide perfectly, leaving small portions of the study area
with no habitat suitability rating. Where this was the case, I used ratings from the K N P
ecological land classification data set (Poll et al. 1984) or extrapolated from the T E M
ratings based on similar physiographic and vegetation characteristics observable on a
1:20,000 black and white orthophoto. In keeping with Bighorn (1996), I reclassified
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habitat suitability ratings to a scale of 0 to 1, representing minimal and optimal habitat,
respectively. Table 3-3 gives the correspondence between the original T E M and E L C
ratings and the new 0-1 scheme.

Table 3-3: Reclassification of habitat suitability ratings for elk.

T E M Rating
1
2
3
4
5
6

E L C Rating
Very High
High
Moderate
Low
Nil

New Rating
1.00
1.00
0.75
0.50
0.25
0.05

Another confounding factor was that the T E M data did not provide separate habitat
suitability ratings for different seasons. For this analysis, however, it was necessary to
create two habitat layers, one for the growing season (May to October) and one for winter
(November to April) . Fortunately, the T E M data set did provide, for each ecosystem
unit, the season of use (summer, winter, or year-round). By manipulating the data, I was
able to create separate layers for each season. For the summer layer, the ratings obtained
from the T E M and E L C data sets, once reclassified according to Table 3-3, were left
unmodified as it was believed that these ratings provided a reasonably accurate
representation of summer habitat suitability. This was based on the fact that in summer,
high and low elevation habitats are used as the population contains both migratory and
non-migratory animals (see Section 2.1.4.2). In winter, however, elk do not use habitats
at higher elevations. Thus, all habitats labeled as summer use in T E M (i.e. the higher
elevation habitats) were assigned a rating of 0.05 indicative of low suitability. I left all
ratings corresponding to winter or year-round use unchanged. The effect of this
manipulation was to limit the areal extent of the winter range compared to that of the
summer range, which is consistent with current knowledge of elk habitat use in winter in
the East Kootenay region (see Section 2.1.2.1).

Seasons as defined for Southern Interior Mountains Ecoprovince in B.C. Min. of Env.. Lands and Parks (1998b).
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3.2.2.2.2

Distance from Edge

In order to complete the habitat routine, a layer depicting distance from the ecotone
between forage and cover areas, otherwise known as "distance from edge", was required.
I identified forage and cover areas from a 1:20,000 black and white orthophoto and
manually plotted them on a transparent overlay. Polygons were labeled as "cover" if the
vegetation provided adequate hiding cover, which was defined as capable of hiding 90%
of an adult elk from an observer at a distance of 60 m or less (Thomas et al. 1979).
Consistent with Bighorn (1996), all polygons that did not meet this criteria were labeled
as "forage", even if they likely contained very little forage (e.g. bare soil, rock, ice, open
water).

Once this classification was completed, I subjected the "forage vs. cover" map to two
days of verification in the field during which I reviewed the classifications based on
observations made from vantage points throughout the study area. Ground truthing
efforts focused on the benchlands and wetlands where distinction between forage and
cover areas had proved most difficult. The map was subsequently revised as a result of
this exercise.

I then digitized the revised map using a manual digitizing tablet for integration into the
GIS analysis. From there, I applied coefficients from 0 to 1 based on the distance from
the forage-cover interface as per Table 3-4 below. These coefficients were derived by
Wisdom et al. (1986), based on empirical data from studies in western Oregon, and used
by Bighorn (1996) for the Cheviot Mine cumulative effects assessment.
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Table 3-4: Coefficients for distance from forage-cover interface for elk (after Wisdom et al. 1986,
Bighorn 1996).

Forage
Area

Distance from CoverForage Edge(m)

Distance from edge
coefficient

>400
301-400
201-300
101-200
0-100

0.05
0.10
0.25
0.70
1.00

0-300
301-400
401-500
501-600
>600

1.00
0.80
0.60
0.40
0.20

Edge

Cover
Area

3.2.2.2.3

Overall Inherent Habitat Quality

Combining the habitat suitability layer by the distance from edge layer, as per the
equation below, represented the final step in determining the overall habitat value for elk
for each season. This final layer represents inherent habitat quality for elk throughout the
study area, rated on a scale of 0 to 1.

Total Habitat Value = (Habitat Suitability x Distance from Edge)

1

The geometric mean was used to combine the habitat suitability and distance from edge
layers as it was felt that in this case, there could be some compensation of one variable by
the other. The geometric mean provides greater sensitivity to low scores compared to the
arithmetic mean (see Section 2.4.3) and thus, the former relationship was favoured over
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the latter. No empirical evidence was found in the literature, however, demonstrating
how best to combine these variables.

3.2.2.3 Disturbance Routine
The purpose of the disturbance routine was to account for the alienation effect that human
disturbance has on elk use of habitats. The method used involved identification all
human disturbance features within the study area, followed by the application of a
disturbance coefficient to a specified zone of influence surrounding each feature.

The first step of this routine was to conduct an inventory of human disturbance features.
I accomplished this during the summer of 1998, based on information collected from the
second round of key informant interviews described earlier in Section 3.1.2. I manually
plotted all sources of human disturbance, including linear developments such as roads
and trails, as well as point sources such as settlements, campgrounds and picnic areas, on
a transparent overlay superimposed over a 1:20,000 orthophoto of the study area. Areas
of dispersed recreational use were also plotted. I produced separate maps for summer
and winter use and then manually digitized these for integration into the GIS
environment.

Once human disturbance features had been identified, I determined use levels, on a
seasonal basis, from existing data, actual monitoring, or from estimates provided by key
informants. Traffic data for the Highways 95 and 93 were obtained from provincial and
Parks Canada traffic surveys, respectively. Human use levels on the main trails and
secondary roads were monitored from June through October 1998 using 10 automatic
counters installed at strategic locations throughout the study area (Fig. 3-2). Three types
of counters were used. Seven of the ten counters were Trailmaster active infrared trail
monitors, two were rod-shaped seismic sensors designed for burial under an unpaved
road, and one was a mat-shaped seismic sensor designed for burial under a trail. The
infrared trail monitors were strapped to tree trunks and each device was carefully
camouflaged with twigs, leaves and moss attached to a chicken wire encasement in order
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Figure 3-2: Location of automatic counters,
Radium Hot Springs area, B . C . JuneOctober 1998.
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to avoid theft, tampering or vandalism. The Trailmaster counters also featured an
optional, automatic camera. The camera was generally not used, however, due to the
problem of the flash attracting people's attention, which would have increased the risk of
interference.

I checked all counters approximately once a week to ensure their proper functioning and
to update data records. As well, the counters were subjected to verification through direct
observations. Direct observations were made while I was stationed at various trailheads
where the counters were located. I spent a total of four days making such observations.
Observation days coincided with busy week-ends of July and August to ensure maximum
sample sizes. I also noted direct observations when recreationists or vehicles happened to
pass by while I was conducting maintenance work or downloading data from them. As
well, during my weekly rounds, I regularly performed tests on each counter to make
certain it was working properly and to adjust the sensitivity if required.

Human use information regarding seasons other than the June-October monitoring period
or regarding features not monitored by an automatic counter was gained from key
informants during the second round of key informant interviews described in Section
3.1.2 above. Key informants were asked to describe the nature of use and to estimate its
intensity. A sample of the questionnaire used for this exercise is provided in Appendix 6.

Human use features were classified according to type (motorized, non-motorized), nature
(point, linear, polygon or dispersed) and intensity (incidental, low or high) as per Tables
3-5 and 3-6 below. This classification scheme is consistent with the standards developed
by the U S D A Forest Service (1990) and subsequently adopted in other cumulative effects
modeling efforts focusing on elk (Bighorn 1996, 1999) and grizzly bear (Gibeau 1998,
Kansas and Collister 1999). The U S D A Forest Service (1990) C E M used 80 parties or
vehicles per month as the division between high and low use. In contrast, Komex
International (1995), Paquet et al. (1996) and Gibeau (1998) used a logarithmic scale, in
which high use was defined as >100 people/month and low use as <100 people/month.
In this study, the limit between high and low use was set at 100 vehicles or parties per

129

Table 3-5: Human activity classification scheme and definitions (adapted from USDA 1990).

Type of Activity

Definition

Intensity

Examples

Point motorized

Motorized
activities
restricted to a
specific point
or area

High

Recreation complex, resort
complex

Low

Personal use firewood
gathering

Point non-motorized

Linear motorized

Linear non-motorized

Dispersed motorized

Dispersed non-motorized

Human
activities
restricted to a
specific point
or area
Motorized
activities
restricted to
roads, trails or
linear corridors
of travel
Non-motorized
use associated
with roads or
trails
Off-road
vehicle
activities which
are not
restricted to
roads or trails,
but rather occur
over broad
areas
Human
activities not
restricted to
linear corridors
or specific
points

Picnic ground, trailhead,
campsite

High

Highways 93 and 95, some
secondary roads

Low

Local roads and trails open to
motorized use, railway

High

Frequently used trails

Low

Seldom used trails

High

Heavily-use areas receiving
concentrated off-road vehicle
traffic

Low

Sporadically used areas
receiving widely dispersed offroad vehicle traffic

High

Berry-picking, hunting, crosscountry skiing

Low
Cross-country skiing or
backpacking in areas without
easy access
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Table 3-6: Definition of human use categories.

Use Category

Use per Month*

Use per Week*

Incidental

Less than 10

2 or less

Low

10-100

3-25

High

100-1000

25-250

Very High

> 1,000

>250

*Refers to the number of events (parties or vehicles)

month since I felt that a logarithmic scale would be easier to work with when estimating
levels of with key informants. I decided to use "parties" rather than "people" because,
from an ecological perspective, a party of hikers likely acts as a single disturbing event
rather than multiple events.

No strict definition of a party was found in the literature. However, Stemp (1983)
showed that heart rate reactions of bighorn sheep to intruders generally lasted between 3
and 6 minutes. No similar information was available for elk. Based on this limited
information, I made the assumption that humans passing by a location less than 5 minutes
apart would be perceived by an animal as the same disturbance event while intruders
separated by a longer time interval would be perceived as two separate events. Thus, for
the purposes of this project, a 'party' was defined as a group of recreationists moving
within five minutes of each other.

Once intensity levels were determined for all human use features in the study area, each
feature was assigned a zone of influence (ZOI) and disturbance coefficient (DC)
according to the values in Table 3-7. These values were developed by Bighorn (1996)
based on Lyon (1983) and unpublished work on the response of elk to disturbances in
southern Alberta (L. Morgantini, in Bighorn 1996). The ZOI refers to the area in which
elk are potentially affected by an activity whereas the DC identifies the degree of
disturbance within the ZOI. DCs were rated on a scale of 0 to 1 based on how much
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habitat alienation is potentially caused. Consistent with Gibeau (1998), in the case of
overlapping ZOIs, I multiplied the DCs, indicating a compounding effect of multiple
disturbances. DCs and ZOIs are higher in non-cover (forage) areas than cover areas due
to reduced security. Separate human disturbance layers, for the summer and winter
seasons, respectively, were produced.

Table 3-7: Disturbance coefficients and zones of influence for elk (adapted from Bighorn 19%).

Type of Activity

Zone of influence

Intensity of use

Security class

Coefficient

Linear motorized

250 m

High

Cover
Non-cover
Cover
Non-cover

0.25
0.005
0.75
0.5

Cover
Non-cover
Cover
Non-cover

0.25
0.005
0.75
0.5

Cover
Non-cover
Cover
Non-cover

0.25
0.005
0.5
0.25

Cover
Non-cover
Cover
Non-Cover

0.25
0.005
0.75
0.5

Low

Linear nonmotorized

250 m

High
Low

Point motorized

500 m(noncover)

High
Low

250 m (cover)
Dispersed
motorized or nonmotorized

0m

High
Low

3.2.2.4 Movement Routine
The methodology described to this point closely resembles that of habitat effectiveness
modeling. This approach, however, does not factor in how elk might choose to move
from one key habitat patch to another. To overcome this shortcoming, a third routine,
designed specifically to account for movement, was added to the model. I based this

132

routine on the literature review pertaining to features affecting habitat selection by elk
and attributes of travel lanes provided in Sections 2.1.3.2 and 2.1.4.4, respectively. From
the information presented in these sections, I concluded that travel routes used by elk
must generally meet two main criteria: (1) they must be energetically effective and (2)
they must offer adequate security. These criteria formed the basis for the selection of
variables to be incorporated into the movement routine, namely riparian habitats, slope
and presence of hiding cover.

3.2.2.4.1

Riparian Habitats

Many authors, as discussed in Section 2.1.4.4, have noted the importance of riparian
valley bottoms as travel corridors used by elk. Not only do valley bottoms provide
energetically effective travel routes between high elevation summer ranges and lower
elevation winter ranges, but they often contain an abundance of succulent forage, water
and hiding cover.
For the present model, riparian habitats were defined as areas within 100 m of a
permanent watercourse. A digital layer of all major watercourses was derived from the
B.C. Terrain Resources Inventory Maps (TRIM) database. Riparian coefficients, which
are listed in Table 3-8, were assigned subjectively based on my perception of the
importance of riparian zones to the movements of elk.

Table 3-8: Riparian coefficients for elk.

Habitat Characteristic

Coefficient

Riparian

1.00

Non-riparian

0.75

The coefficients are quite high reflecting the idea that while riparian zones are favourable
to movement, non-riparian areas do not in themselves represent a barrier to movement.
Hence, when multiplied with other factors in the movement routine, these scores gave a
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slight advantage to riparian over non-riparian areas, It is believed, however, that this
variable does not act as a limiting factor.

3.2.2.4.2

Slope

Researchers agree that elk tend to follow energetically efficient routes in their movements
(see Section 2.1.4.4). Such routes, which include ridges, saddles, gaps and valley
bottoms, are all characterized by gentler slopes. As well, several empirical studies have
demonstrated that elk prefer gentle to moderate slopes and avoid steep slopes (Section
2.1.3.2.2). Thus, I incorporated slope as a variable in the movement routine. Slope
information was derived from the digital elevation model featured in the B.C. Terrestrial
Resources Information Mapping (TRIM) data set.

Table 3-9 lists the coefficient assigned to each slope class. The slope coefficients were
derived based on a subjective assessment of the influence of slope on elk movements
inferred from the information summarized in Section 2.1.3.2.2. In essence, the
coefficients selected reflect a preference by elk of gentler slopes and an avoidance of very
steep slopes.

Table 3-9: Slope coefficients for elk.

3.2.2.4.3

Slope (percent)

Slope Coefficient

0-30

1.00

30-60

0.75

60 - 100

0.25

> 100

0.05

Visual Cover

Visual cover was integrated as a variable specifically to meet the security criteria of
corridors. Although proximity to the forest-cover interface was considered a criterion for
the habitat routine, it did not address the security requirement per se. By incorporating
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hiding cover into the movement routine, more value was given to potential corridors that
provide adequate hiding cover for elk as compared to those providing less visual cover.
As with grizzly bears, several authors have noted an increased use of cover by elk with
increasing human harassment (see Section 2.1.3.1.2). Thus, I adopted a similar rating
scheme to that used for the visual cover layer of the Linkage Zone Prediction model for
grizzly bears (see Section 3.2.4.3.3 below). As for the other variables of the movement
routine, coefficients were rated from 0 to 1. Table 3-10 lists the security coefficients
assigned to the different cover types.

Table 3-10: Visual cover coefficients for elk.

Visual Cover Class

Security Coefficient

Cover >500 m from high-use features

1.0

Edge > 500 m from high-use features

1.0

Non-cover >500 m from high-use features

1.0

Cover < 500 m from high-use features

1.0

Edge < 500 m from high-use features

0.75

Non-cover < 500 m from high-use features

0.25

This scoring scheme reflects the notion that cover is particularly important in proximity
to areas of human activity and that the absence of cover is a limiting factor in proximity
to high-use features.

3.2.2.4.4

Calculating Movement Coefficients

Finally, overall movement coefficients were obtained combining the riparian, slope and
security layers as follows:

movement coef. = riparian coef. x slope coef. x security coef.
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Multiplication was selected as the best means to combine the routines as it represents the
easiest method to conceptualize. When multiplication is used to combine variables, each
variable can be looked upon as a constraint or impediment to movement. A score of 1.0
implies no constraint and does not lower the corridor value for that location. Suboptimal
scores, however, represent constraining factors; the lower the score, the higher the
constraint. Very low scores act as absolute constraints and the given location is removed
from corridor consideration. It is possible to avoid absolute constraints by assigning only
relatively high scores to a variable. The riparian variable, for example, was assigned
coefficients of either 0.75 or 1.0 and thus, did not act as an absolute constraint.

3.2.2.5 Corridor Delineation
The final step of the modeling process was to determine, on a seasonal basis, "corridor
value" across the landscape. This was accomplished by combining the outputs of the
habitat, disturbance and movement routines. I conducted sensitivity tests to determine
whether the geometric mean or simple multiplication would yield the most useful results.
These tests revealed that simple multiplication led to a greater range of corridor values
and hence, a corridor value map with sharper contrasts between areas of high and low
corridor value. Thus, based on these sensitivity tests and the arguments presented in
Section 3.2.2.4.4,1 chose to relate the three routines using simple multiplication as per
the equation below:

final corridor value = total habitat value x disturbance coef. x movement coef.

The seasonal corridor value maps formed the basis for delineating potential corridors for
elk. I plotted potential corridors manually onto a transparent overlay superimposed over
an orthophoto and subsequently digitized these into a vector layer. It is important to
understand that the potential corridors thus drawn represent an interpretation of the final
model outputs. Although this interpretation was based primarily on the corridor value
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maps, it also took into account site-specific knowledge of wildlife use acquired through
key informant interviews, the literature review and personal observations.

3.2.3

Bighorn Sheep Model

3.2.3.1 Model Overview
The methodology used for delineating potential corridors for bighorn sheep followed
very closely that used for elk. Some modifications were necessary, namely in terms of
the choice of variables and coefficients, to account for differences in species ecology and
behavioural response to human disturbance. The overall approach was also consistent
with the work by Smith et al. (1990), who proposed a step-by-step methodology for
evaluating bighorn sheep habitat in the Western Rocky Mountains and Great Basin
regions of the U.S.

Figure 3-3 provides a conceptual representation of the sheep model. Like the elk model,
it was organized into a habitat, disturbance and movement routine. However, I used
different variables in both the habitat and movement routines to account for differences in
species ecology.
Figure 3-3: Conceptual diagram of the bighorn sheep model.
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Movement Routine

proximity to
escape
terrain

3.2.3.2 Habitat Routine
As for elk, the first part of the model consisted of a habitat routine whereby the inherent
quality of the habitat was assessed, without regard for human disturbance. In this case,
however, the distance from edge variable was dropped due to its lack of relevance for
sheep, leaving only habitat suitability. Ratings for winter and summer habitat suitability
were derived in the same manner as they were for elk (see Section 3.2.2.2.1). A n
exception is that a third data set, representing winter habitat suitability for bighorn sheep
(Delta Environmental Group Ltd. 1992), was used as a supplementary source of
suitability ratings in areas where no data were provided by the T E M map. Table 3-11
provides the corresponding ratings for each of the data sets used in this routine.

Table 3-11: Reclassification of habitat suitability ratings for bighorn sheep.

TEM
1
2
3
4
5
6

E L C (Poll et
al. 1984)
Very High

Delta (1992)

New Rating

1
2
3
4
5
6

1.00
1.00
0.75
0.50
0.25
0.05

High
Moderate
Low
Nil

3.2.3.3 Disturbance Routine

The purpose of the disturbance routine was to account for the alienation effect that human
disturbance has on bighorn sheep use of habitats. The general method followed involved
identification of all human disturbance features within the study area, followed by the
application of a disturbance coefficient to a specified zone of influence surrounding each
feature. The methodology used for inventorying human activity features and assessing
their use levels was described in Section 3.2.2.3.
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The next step of the disturbance routine was to determine zones of influence (ZOIs) and
disturbance coefficients (DCs) reflecting sheep responses to human disturbance (Table 312). I developed these based on the literature as well as area-specific information
gleaned from personal observations or key informant interviews pertaining to the
sensitivity of bighorn sheep to human disturbance (see Section 2.2.5). The nature and
predictability of disturbance, discussed in Sections 2.2.5.1 and 2.2.5.2.1, respectively,
were important considerations in determining ZOIs and DCs. For example, roads were
given less extensive ZOIs than trails because sheep are generally less sensitive to vehicles
as they are to humans on foot due to the greater predictability of disturbances along
roads. No empirical data were found to support the choice of coefficients for dispersed
use. However, because dispersed use is by nature unpredictable, it was deemed that such
use could have significant adverse effects on sheep. The coefficients chosen are higher
than the ones used for elk, reflecting a greater degree of habituation compared to elk.

As in the case of elk, I rated disturbance coefficients on a scale of 0 to 1 and produced
separate disturbance layers for summer and winter.

Table 3-12: Disturbance coefficients and zones of influence for bighorn sheep.

Coefficient

High

Zone of influence
(m)
25

Low

100

0.75

High

100

0.50

Low

100

0.75

High

25

0.05

Low

0

0.75

High

0

0.50

Low

0

0.75

Type of Activity

Intensity of use

Linear motorized

Linear nonmotorized

Point motorized

Dispersed
motorized or nonmotorized
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0.50

3.2.3.4 Movement Routine
One of the primary considerations in building the movement routine was security. Based
on the discussion of factors affecting habitat selection by sheep in Section 2.2.3.2, it is
apparent that escape terrain and visibility are most important factors for sheep in this
regard and thus, these variables were incorporated as into the movement routine.

While it was noted in Section 2.2.4.4 that sheep, like elk, may use energetically efficient
routes for their movements, it was felt that proximity to escape terrain was an overriding
factor and thus, paths of least topographic resistance were not modeled for.

3.2.3.4.1

Proximity to Escape Terrain

Based on information presented in Section 2.2.3.2.1,1 defined escape terrain as slopes
>80% for the purposes of this project. Areas of slopes greater than 80% were identified
using the T R I M digital elevation model. Then, "escape terrain" coefficients were applied
to bands surrounding these areas reflecting the fact that bighorn sheep use generally
decreases with increasing distance from escape terrain (see Section 2.2.3.2.1). I derived
these coefficients, which are listed in Table 3-13, based on the findings of the empirical
studies discussed in Section 2.2.3.2.1.

Table 3-13: Escape terrain coefficients for bighorn sheep.

Distance from Escape
Terrain (m)
0-100
100-200
200-300
300-400
> 400
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Coefficient
1.00
0.75
0.50
0.25
0.05

3.2.3.4.2

Visibility

Areas of high visibility were defined as those areas classified as 'forage' in the forage vs.
cover layer created for the elk model. I assigned an optimal rating of 1.0 to areas of high
visibility while non-forage areas were given a rating of 0.5. Table 3-14 lists the visibility
coefficient assigned to each class. This rating scheme reflects the belief that visibility
enhances corridor suitability but does not act as an absolute constraint or limiting factor.

Table 3-14: Visibility coefficients for bighorn sheep.

Cover Type

3.2.3.4.3

Coefficient

High visibility

1.00

Low visibility

0.50

Overall Movement Coefficients

Finally, overall movement coefficients were obtained by combining the visibility and
escape terrain coefficients as follows:

movement coef. = visibility coef. x escape terrain coef.

3.2.3.5 Corridor Delineation
Seasonal corridor value for bighorn sheep was determined in the same manner as for elk,
i.e. by combining the outputs of the habitat, disturbance and movement routines, as
described by the following equation:

final corridor value = habitat value x disturbance coef. x movement coef.

I used simple multiplication for the reasons cited previously in Section 3.2.2.5.
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3.2.4

Grizzly Bear Model

3.2.4.1 Model Overview
The methodology followed for the delineation of potential grizzly bear corridors
consisted largely of the application of two existing models to the study area: the core
security area model and the linkage zone prediction model. The first model is useful for
delineating secure areas for grizzly bears and takes into account human disturbance as
well as elevation and land cover types. The linkage zone prediction model is used to
delineate linkage zones and takes into account human disturbance and, to a lesser degree,
food sources and hiding cover. Both these models were originally developed specifically
for grizzly bear of the Rocky Mountains, in conditions very similar to those found in the
study area, and as such, they were applied without any substantial modifications to the
original methodologies. However, the above models do not account for actual travel
lanes that grizzly bears may select in their movements across the landscape. In order to
overcome this shortcoming, a simple movement routine was developed and added to the
overall grizzly bear model. Figure 3-4 provides a conceptual representation of this
model.

Figure 3-4: Conceptual diagram of the variables incorporated into the grizzly bear model.
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•

Slope

3.2.4.2 Core Security Area Routine
Core security area analysis is a GIS-based modeling approach that strives to identify
micro-scale security areas where bears can forage for 24 to 48 hours safe from human
disturbance (Mattson 1993, Gibeau and Herrero 1998). Basically, this technique, which
was described in Section 2.4.6.4, integrates elevation, land cover, and human activity
information while also taking into consideration the size of habitat patches.

A security area analysis for grizzly bears in the Central Rockies Ecosystem which
includes the present study area, had previously been conducted by Gibeau et al. (1996). I
realized, however, upon inspection of the resultant map of this analysis (Figure 9 in
Gibeau et al. 1996), that it could be updated within the present study area based on the
human use information generated by this project. More specifically, I noticed that data
used by Gibeau et al. (1996) overestimated the human activity levels on some of the trails
with the study area. Such overestimations are significant since, according to this model,
high-use human features negatively affect security areas while low-use features have no
effect. Updating of the security area analysis was restricted to human use. No updating
was possible with respect to the elevation and land cover variables since no new
information regarding these variables had been generated since Gibeau et al.'s (1996)
iteration of the model.

In order to carry out the proposed update, I obtained a digital TIFF image of the security
areas map published in Gibeau et al. (1996). For editing purposes, the TIFF image was
converted into a polygon coverage in Arc/Info. Edits consisted of converting selected
insecure areas to secure areas, where data from this project showed that human use levels
were below 100 people/month as opposed to greater than 100 people/month as assumed
by Gibeau et al. (1996). Once the human use updates had been performed, a 9.0 km
minimum patch size criteria (Gibeau and Herrero 1998) was applied to the map in
Arc/Grid.
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Finally, I reclassified the updated security areas map according to a 0 to 1 scheme in
order to provide consistency between this model and those developed for elk and bighorn
sheep (Table 3-15).

Table 3-15: Original and revised classification schemes for security areas layer.

Original Scheme
(Gibeau et al. 1996)

Description
(Gibeau et al. 1996)

Revised Classification
Scheme

1

Not suitable

0.05

2

Not secure due to humans

0.50

3

Secure

1.00

4

Not secure due to size

0.50

In the new scheme, the lowest scores were assigned to unsuitable habitats (due to high
elevation or unvegetated land cover type), which, according to empirical evidence put
forth by Herrero and Gibeau (1998), are seldom used by grizzly bears. A moderate score
of 0.5 was assigned to insecure habitats. It is believed that although these habitats do not
offer optimal security, they are likely not completely impermeable to grizzly bear
movements. Finally, I assigned an optimal rating of 1.0 to secure habitats reflecting the
assumption that these areas present minimal impediments to the movements of grizzly
bears.

3.2.4.3 Linkage Zone Routine

The Linkage Zone Prediction (LZP) model is designed to delineate potential linkages
between areas of habitat for grizzly bears separated by human activities (Gibeau et al.
1996). A description of this model was provided in Section 2.4.6.5.1. In the present
study, I attempted to apply the L Z P model consistently with Apps (1997), who brought
several small, yet significant, refinements to the original model developed by Servheen
and Sandstrom(1993).
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The LZP model consists of four components, each of which yields a GIS layer scored
according to human influence on bears:
•

Density and nature of developed human sites

•

Access route density

•

Presence or lack of hiding cover

•

Riparian zones (used for food, cover and travel routes)

3.2.4.3.1

Human Features Layer

The human features layer was derived using the human use inventory completed for this
project as described in Section 3.2.2.3. I considered only point features, as defined in
Table 3-5, for this component of the model. Low-use features were buffered with a 100
m ZOI while I applied a 200 m ZOI to high-use features as per Apps (1997). Human
influence scores were assigned according to proximity to these zones of influence as
described in Table 3-16. This scoring scheme was taken directly from Apps (1997).

Table 3-16: Scoring scheme for the human features layer, linkage zone routine, grizzly bear model.

3.2.4.3.2

Proximity to Zone of Influence (ZOI)

Assigned Score

>200 m from ZOI

2

100-200 from ZOI

4

<100m from ZOI

5

Within ZOI

6

Access Route Density Layer

As for the human features layer, the linear disturbance density layer was derived from
information from this project's the human use inventory. For this layer, I considered
highways, secondary roads and trails. The first step was to assign a weighting to each
feature class, to be used in the subsequent density calculation (Table 3-17). These
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weightings took into account use levels and the type of activity (i.e. motorized vs. nonmotorized) and are consistent with Apps (1997). Basically, the weighting scheme reflects
empirical evidence presented in Section 2.3.4 suggesting that grizzly bear avoidance of
habitats near linear features increases with increasing levels of human activity and is also
stronger in the presence of motorized vs. non-motorized disturbances.

Once a raster map of linear disturbance was produced using the weightings listed in Table
3-17,1 calculated access route density by performing a "moving window" analysis using
the focalsum command in Arc/Info. In this type of analysis, the pixel in the middle of the
analysis window is assigned a score corresponding to the mean value of all the cells
contained within the window. In this case, the analysis window consisted of a circle with
2

2

a 900 m radius (corresponding to an area of 2.54 km or roughly 1 mi ) and a 25 x 25 m
cell size. Assigning scores to the different density classes as per Table 3-18 produced the
final access route density layer. Once again, these scores were taken from Apps (1997).

Table 3-17: Linear disturbance feature types and relative weightings for access route density
calculations, linkage zone routine, grizzly bear model.

Feature Type

Weighting

Highways (>1000/mo.)

2

High-use motorized (100 -1000/month)

1

High-use non-motorized (1000-1000/mo.)

0.5

Low-use motorized or non-motorized
(< 100/month)

0.25
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Table 3-18: Scoring scheme for the access route density layer, linkage zone routine, grizzly bear
model.

Access Route Density
2

Assigned Score
2

0 km/2.54 km (0 mi/mi )

~2~

2

2

3

2

4

0-1.6 km/2.54 km (0 -1 mi/mi )
2

1.6-3.2 km/2.54 km (1-2 mi/mi )
2

2

>3.2 km/2.54 km (>2 mi/mi )

3.2.4.3.3

5

Visual Cover Layer

The first step of this part of the model was to identify areas of hiding cover for grizzly
bears. Servheen and Sandstrom (1993) defined grizzly bear hiding cover as "vegetation
at sufficient density to hide 90% of an adult grizzly bear at 60 m". This definition is
almost equivalent to that of Thomas et al. (1979) used for elk and as such, I made the
assumption that cover areas identified in the forage vs. cover layer for elk were
equivalent to cover areas for grizzly bears. Edge was defined as non-cover areas within
50 m of hiding cover. Non-cover were defined as areas > 50 m from cover (Apps 1997).
I then applied scores to visual cover classes according to Apps (1997), which are listed in
Table 3-19 below.

Table 3-19: Scoring scheme for visual cover layer, linkage zone routine, grizzly bear model.

Visual Cover Class

Assigned Score

Cover >500 m from high-use features

2

Edge > 500 m from high-use features

2

Non-cover >500 m from high-use features

2

Cover < 500 m from high-use features

2

Edge < 500 m from high-use features

3

Non-cover < 500 m from high-use features

5
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In the original model developed by Serhveen and Sandstrom (1993), no distinction was
made between areas within or beyond 500 m of roads. However, Apps (1997) revised the
scores to reflect the assumption that visual cover will not influence habitat use by bears
beyond 500 m of roads. For the purposes of the present study, I expanded the term
"roads" as used by Apps (1997) to include all high-use (> 100/month) features, including
linear features such as roads, railways or trails, and non-linear features such as residential
areas or recreational facilities.

3.2.4.3.4 Riparian Layer
Apps (1997) described the riparian layer as "a coarse filter to identify lands that are more
likely to support higher concentrations of bear foods, and with which bear movements are
more likely to be associated". Consistent with Apps (1997), I depicted riparian zones of
intermittent streams by a 25 m buffer and those of perennial streams by a 75 m buffer.
Final scores for the riparian layer are listed in Table 3-20.

Table 3-20; Scoring scheme for the riparian layer, linkage zone routine, grizzly bear model.

3.2.4.3.5

Class

Assigned Score

Riparian areas

1

Non-riparian areas

2

Lakes

4

Cumulative Human-Influence Score

The final step in applying the LZP model consisted of summing the four layers described
above. The resulting map represents cumulative human-influence scores ranging from 7
to 20. Table 3-21 groups these scores into four classes, which reflect the degree to which
bears are influenced, through either direct displacement or increased mortality risk
(Servheen and Sandstrom 1993, Apps 1997). Finally, in order to remain consistent with
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the other models of the present project, I reclassified these cumulative scores according to
a 0 to 1 scheme in which 0 and 1 represent minimal and optimal linkage potential,
respectively (Table 3-21).

Table 3-21: Original and proposed classification schemes for cumulative human-influence scores,
linkage zone routine, grizzly bear model.

Cumulative Score

Influence Level Rating

Cumulative Score

(original LZP scheme)

(Apps 1997)

(Proposed 0-1 scheme)

7-10

Minimal influence

1.00

11-12

Low influence

0.75

13-14

Moderate influence

0.50

15-18

High influence

0.25

3.2.4.4 Movement Routine
Travel lanes for grizzly bears are often described as paths of least topographic resistance
(S. Herrero. pers. comm. March 2000) as well as riparian corridors (see Section 2.3.3).
Since riparian corridors were already accounted for in the LZP model, only slope was
incorporated into the movement routine. This routine featured the same slope
classifications and coefficients as those used in the elk model, for lack of any information
specific to grizzly bears (Table 3-22).

Table 3-22: Slope coefficients, movement routine, grizzly bear model.

Slope (percent)

Slope Coefficient

0-30

1.00

30 - 60

0.75

60- 100

0.25

> 100

0.05
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3.2.4.5 Delineation of Potential Movement Corridors for Grizzly Bears
The final step of the grizzly bear model was to combine the outputs from the three
routines described above. This allowed for a number of factors believed to affect grizzly
bear movements - human disturbance, hiding cover, riparian zones (food), topography,
land cover type, and elevation - to be considered simultaneously in the identification of
potential movement corridors.

final corridor value = security score x linkage zone score x slope score

As described for elk in Section 3.2.2.5, the corridor value map served as the primary
basis for delineating potential corridors for grizzly bear. Because there was a significant
amount of overlap between corridor values for elk and grizzly bear, I plotted potential
corridors for these species together onto the same map.

3.3

DEVELOPING MANAGEMENT RECOMMENDATIONS

The recommendations presented in Section 7 were developed in consideration of the
species-specific ecological information presented in Sections 2.1, 2.2 and 2.3 as well as
an extensive literature review covering all aspects of the management of wildlife
movement corridors. The most relevant material on the management of movement
corridors was that generated by the Bow Corridor Ecosystem Advisory Group ( B C E A G
1999a and 1999b) although other studies on corridors were also consulted and used as
references. Much of this information is summarized in Appendix 3. As well, in
September 1999,1 attended the International Conference on Wildlife Ecology and
Transportation in Missoula, Montana. This conference provided me with up-to-date
information on the effects of transportation corridors on wildlife movements and
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strategies for mitigating these effects. I also reviewed existing examples of multistakeholder planning initiatives in western North America that could potentially serve as
models for the present study area.

3.4

PROMOTING S T A K E H O L D E R S U P P O R T F O R E C O S Y S T E M - B A S E D
MANAGEMENT

From the outset, a major focus of this project was to increase public awareness and
support for ecosystem-based management and the protection of biological diversity. This
was accomplished through the following activities:
•

Dialogue with and involvement of all major stakeholders within the study area (e.g.
Village of Radium, Parks Canada, Improvement District of Edgewater, major
landowners, etc.).

•

Acquisition of local knowledge through extensive interviews with local hunters,
trappers and landowners.

•

Distribution of a summary of findings to all key informants who contributed
knowledge to the study in addition to all stakeholders.

•

Seizing opportunities for media coverage and public information.
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4

RESULTS

In this section, I present the results of the study. I begin in Section 4.1 with the results of
the human use inventory. In Section 4.2,1 present the final outputs generated by the
three species models. Finally, Section 4.3 provides a description of the potential
corridors identified within the study area.

4.1 HUMAN U S E

I compiled human use data acquired through the use of automatic counters as well as
from key informants into two digital vector layers: one for linear features and the other
for polygon features. The raw data used in the compilation of these maps are provided in
Appendix 7. From the two vector layers, it was possible to extract grids depicting type
and intensity of use. These grids were subsequently used for the human disturbance
portion of each model.

Use levels for linear features are represented, on a seasonal basis, in Figures 4-la and 4lb. Consistent with the grizzly bear cumulative effects model (USDA 1990), I classified
polygon features into two groups according to their type of use. "Point" refers to human
use that is concentrated in a relatively small area (e.g. residential developments,
campgrounds, etc) whereas "dispersed" refers to human activities, such as cross country
skiing, horseback riding, hunting and dirt-biking, that take place across a broad area.
Intensity of use for each polygon feature is depicted, on a seasonal basis, in Figures 4-2a
and 4-2b.
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Figure 4-1 a: Linear human use features and
their summer activity levels in the Radium
Hot Springs study area, B.C. Map based on
summer human use inventory conducted in
June-October, 1998 using automatic counters
in the field and estimates from key informants.
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Figure 4-1 b: Linear human use features and
their winter activity levels in the Radium
Hot Springs study area, B.C. Use levels
based on estimates from key informants
collected in July-August, 1998.
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Figure 4-2a: Polygon human use features
and their summer activity levels in the
Radium Hot Springs study area, B . C Use
levels derived from key informant interviews
conducted in July-August, 1998.

LEGEND
/\y
Highway
/ \ / Railway
KNP Boundary
' Water Course
Human Use Polygons
0
<100/mo.
>100/mo.

Radium Hot
Springs

0

2 Kilometres

155

Figure 4-2b: Polygon human use features
and their winter activity levels in the
Radium Hot Springs study area, B.C. Use
levels derived from key informant interviews
conducted in July-August, 1998.

156

4.2 M O D E L O U T P U T S

The final output of the modeling component of this project consisted of maps
representing, on a seasonal basis, the spatial distribution of "corridor value" across the
study area for each of the focal species. "Corridor value" can be viewed as the suitability
of an area to support the movements of individuals of a given species. Corridor values
ranged from 0 to 1, representing no value and optimal value, respectively, and were
assigned a rating as per Table 4-1 below.

Table 4-1: Rating scheme for corridor values for elk, bighorn sheep and grizzly bear models.

Corridor Value

Rating

0 - 0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8-1.0

Very Low
Low
Moderate
High
Very High

For elk and bighorn sheep, separate layers were produced for the summer and winter
seasons (Fig. 4-3a, 4-3b, 4-4a and 4-4b). For grizzly bear, a single corridor value map for
the growing season was produced (Fig. 4-5). The intermediate layers of each model are
useful for understanding how the final output layers were achieved as well as for their
interpretation as such, are provided in Appendix 8.
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Figure 4-3a: Summer corridor values for
elk. Values correspond to the suitability of a
given area to support the movements of elk and
represent the final output of the elk model.
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Figure 4-3b: Winter corridor values for elk.
Values correspond to the suitability of a given
area to support the movements of elk and
represent the final output of the elk model.
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Figure 4-4a: Summer corridor values for
bighorn sheep. Values, which correspond to
the suitability of a given area to support the
movements of bighorn sheep, represent the
final output of the sheep model.
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Figure 4-4b: Winter corridor values for
bighorn sheep. Values, which correspond to
the suitability of a given area to support the
movements of bighorn sheep, represent the
final output of the sheep model.
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Figure 4-5: Corridor values for grizzly bear.
Values, which correspond to the suitability of a
given area to support the movements of grizzly
bear, represent the final output of the grizzly
bear model.
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4.3 FINAL R E S U L T S : C O R R I D O R S IN T H E G R E A T E R RADIUM A R E A

4.3.1

Introduction

The corridor value maps presented in the preceding pages formed the primary basis for
delineating potential corridors for each of the three focal species. In delineating potential
corridors, I also took into account site-specific knowledge of wildlife movements and
habitat use acquired through key informant interviews, the literature review and personal
observations.

In the sections that follow, I describe the potential corridors identified. Given the
considerable amount of overlap between the final output layers of the elk and grizzly bear
models, the potential corridors for these two species are described together. Potential
corridors derived from the sheep model differed substantially and as such, are described
separately. For each corridor, I provide a general description as well as a discussion of
any inferences that can made regarding the corridor's use by wildlife and, conversely, of
any factors that may impede wildlife movements.

4.3.2

Corridors for Elk and Grizzly Bear

4.3.2.1 Introduction
The corridors derived from the elk and grizzly bear models are depicted in Fig. 4-6.
Table 4-2 provides a "quick guide" to these corridors while a more detailed description
and discussion of each corridor is provided below. The reader may wish to refer to Fig.
4-la for the location of specific human-use features mentioned in the corridor
descriptions.
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Table 4-2: 'Quick guide' to the corridors identified for elk and grizzly bear.

Corridor Name

Gen. Location
(Fig. 4-6)

Focal Species for
which Corridor is
Suitable

Season of
Use

Upper Luxor Creek

N . portion of the study
area
N . portion of the study
area
N . portion of the study
area
N . portion of the study
area
N . portion of the study
area
Immediately east of
Hwy 95

Grizzly bear
Elk
Grizzly bear
Elk
Grizzly bear
Elk
Elk

Growing
season
A l l year

Grizzly bear
Elk
Elk
Grizzly bear, to a
lesser extent
Elk

A l l year

Elk
Elk

A l l year
A l l year

Elk
Grizzly bear
Elk

Growing
season
Growing
season
A l l year
Growing
season
Growing
season
Growing
season
Growing
season
Growing
season
Growing
season

Pinnacle-Kindersley
McKenzie Basin
Lower Luxor Creek
Lower Kindersley
Creek
Upper Benchlands

Lower Benchlands

McCauley Cr.

Between Hwy 95 and
the railway
Along Columbia River
Edgewater, west of
Hwy 95
S. of Edgewater

Geddes Cr.

N . of Radium

Lower Sinclair Cr.
John McKay Cr.

Along Hwy 93
Within K N P

Redstreak Cr.

Within K N P

Kimpton Cr.

Within K N P

Palmer Cr.

S. of Radium

Elk
Elk
Grizzly Bear
Elk
Grizzly bear
Elk
Grizzly bear
Elk

Dry Gulch Cr.

S. of Radium

Elk

Stoddart Cr.

S. of Radium

Elk

Wetlands
6-Mile Creek
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Growing
season
A l l year

A l l year

A l l year

Figure 4-6: Potential corridors for elk and
grizzly bear, Radium Hot Springs area, B . C .
Major impediments to movement, such as
highways and permanent residential areas, are
represented in red. Areas depicted in yellow
represent minor to moderate impediments, such
as golf courses and campgrounds.
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4.3.2.2

Upper Luxor Creek Corridor

4.3.2.2.1 Description
The Upper Luxor Creek Corridor is located on provincial lands at the north end of the
study area and extends from Luxor Pass to the confluence of Pinnacle and Luxor Creeks
(Fig. 4-6). A significant feature of this corridor is that it is almost completely devoid of
human influence. As well, the corridor is well forested, providing ample visual cover for
wildlife. Elevation within the Luxor Cr. Corridor varies from approximately 2000 m at
the top of Luxor Pass to 1300 m where Pinnacle Creek joins Luxor Creek.

4.3.2.2.2

Discussion

The Luxor Creek Corridor received moderate summer and low winter corridor values for
elk (Fig. 4-3a and 4-3b), suggesting that this route is suitable for elk movements during
the growing season only. Corridor values for grizzly bear were quite high (Fig. 4-5).
The importance of this corridor is considered to be very high as it constitutes the only
relatively low elevation, forested, relatively secure linkage between the Kootenay and
Columbia valleys within the study area. It may represent an important dispersal route for
individuals of a range of species moving between these two major drainages. Such
dispersal movements are fundamental in maintaining genetic variability within
populations and ensuring recolonization in the case of local extinction. Several key
informants interviewed for this study reported regular grizzly bear activity in the upper
reaches of Luxor Creek.

4.3.2.3

Pinnacle-Kindersley Corridor

4.3.2.3.1 Description
The Pinnacle-Kindersley Corridor runs along a northwest-southeast axis from the
northern end of the study area to Kindersley Pass located on the KNP boundary (Fig. 46). This corridor, which lies entirely on provincial lands, is mostly forested although
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several open cutblocks along the forestry road attest to relatively recent timber harvesting
operations, especially along the northwest section. Most of the corridor lies between
1300 and 1500 m in elevation.

4.3.2.3.2

Discussion

The Pinnacle Creek Forestry Road lies within the northwest portion of this corridor. A
traffic sensor operating from June to October 1998 revealed that traffic levels on this
gravel road were quite high, in the order of 200-300 vehicles/month during the summer to
600-700 vehicles/month during September and October. These high traffic levels have
resulted in significantly lowered corridor values for grizzly bears (Fig. 4-5). For elk,
along this portion of corridor, corridor values were moderate to high for both the summer
and winter seasons, although the presence of the forestry road limits the functional width
of the corridor (Fig. 4-3a and 4-3b). The northwest portion of the Pinnacle-Kindersley
Corridor is believed to be an important travel route for wildlife moving from the
Kindersley, Luxor and Pinnacle watersheds into the Fraline Creek watershed located
north of the study area.

Corridor values were quite high for grizzly bear along the southeast portion of the
corridor due to low human use levels associated with the deactivated Kindersley Creek
Forestry Road, gentle slopes and the presence of visual cover. For elk, corridor values
along this section of the corridor were low to moderate for the summer and winter
seasons alike. The low values are mostly attributable to low "distance from edge"
coefficients (i.e., absence of forage/cover ecotone - see Fig. A8-3).

Personal observations as well as reports from key informants suggest that the
southeastern portion of the Pinnacle-Kindersley Corridor is used by a variety of species.
During the summer of 1998 I observed evidence of black bear, deer and moose use at the
base of the Kindersley Creek deactivated road. As well, key informants interviewed for
this study attested to regular use of the Kindersley, Luxor and Pinnacle Creek drainages
by grizzly bear.
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4.3.2.4

McKenzie Basin Corridor

4.3.2.4.1 Description
This corridor follows the east fork of Kindersley Creek from the Pinnacle-Kindersley
Corridor before branching off into two forks as it enters the McKenzie Basin. Elevations
vary from approximately 1200 m at Kindersley Creek to over 2000 m in the upper
reaches of McKenzie Basin. The corridor is heavily forested beyond the PinnacleKindersley Forestry Road although evidence of past logging is evident within the
McKenzie Basin. This corridor is located entirely on provincial lands.

4.3.2.4.2

Discussion

The McKenzie Basin Corridor received moderate to corridor values for elk for both the
summer and winter seasons (Fig. 4-3a and 4-3b). For grizzly bear, corridor values were
high (Fig. 4-5). Due to the remoteness of this corridor, human use levels are low, a factor
that contributes to the corridor's high corridor values. However, steep topography limits
the functional width of the corridor for both elk and grizzly bear (Fig. A8-7 and A8-21).

4.3.2.5

Lower Luxor Creek Corridor

4.3.2.5.1 Description
The Lower Luxor Creek Corridor, which is located on provincial and private lands,
extends from the Pinnacle-Kindersley Corridor to the Columbia River wetlands (Fig. 46). It is well forested and relatively free of human influence throughout most of its
length. Elevations along this corridor range from approximately 1300 m to 800 m.
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4.3.2.5.2 Discussion
Corridor values for elk were low to moderate along this corridor, low scores resulting
primarily from the lack of forage/cover ecotone in the heavily forested areas. Corridor
values for grizzly bear were generally high, attributable to the low elevation and low
level of human disturbance within much of this corridor.

While human influence is almost non-existent in the upper portion of the corridor, two
major human-related obstructions adversely affect the functionality the lower portion of
the corridor. One of these obstructions is Highway 95. Upon construction of this
highway, the entire width of the Lower Luxor Creek drainage was infilled, resulting in
the creation of a steep and imposing barrier that effectively severs the corridor into two
distinct sections. A small culvert was installed at the base of the right-of-way to allow
for the passage of water. However, this culvert is inadequate for the movements of
terrestrial fauna due to its long and narrow shape and the fact that its entire width is
submerged under water. A more ecologically sound approach to highway construction
would have involved building an open span across the entire width of the drainage, thus
allowing not only for the free flow of water but for the unfettered movements of wildlife
as well.

The Spur Valley Campground, which is operated year-round, is located immediately east
of Highway 95 and represents another significant obstruction along the Luxor Creek
Corridor. A portion of this campground is located within the riparian corridor, at the base
of the infilled right-of-way. Human activity associated with the campground likely
creates a psychological barrier for species sensitive to human presence.

The CP Railway, located within the Columbia River floodplain, constitutes another
potential impediment to the movements of wildlife although Green et al. (1996) affirmed
that, in the Bow Valley, the railway did not appear to prevent or inhibit wildlife
movements. In fact, these authors remarked that some species such as wolves, elk and
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coyote use the railway as a movement corridor. However, such behaviour increases the
risk of mortality through collisions with trains.

4.3.2.6

Lower Kindersley Creek Corridor

4.3.2.6.1

Description

The Lower Kindersley Creek Corridor provides a link between the Kindersley-Pinnacle
Creek area and the Columbia River wetlands (Fig. 4-6). It is located on provincial and
private lands and is well forested throughout its length. Elevations vary between 1200 m,
where the corridor connects with the Pinnacle-Kindersley Corridor, and 800 m where it
reaches the wetlands. The upper portion of this corridor is contained within a narrow,
steep-sided valley, which also contains the Kindersley-Pinnacle Creek Forestry Road.

4.3.2.6.2 Discussion
The presence of the Kindersley-Pinnacle Forestry Road adversely affects the
functionality of the upper (east) portion of the corridor. An animal moving through this
section would be required to travel either directly on the road surface or immediately
adjacent to it due to very steep slopes on either the side of the creek and road. Some
animals may elect to use this route during nighttime when traffic levels are greatly
reduced (except in periods of active logging when logging trucks haul timber around the
clock).

The lower portion of the Lower Kindersley Creek Corridor is much less affected by
human disturbance. According to key informants, mountain goats make regular use of
mineral licks along the steep banks here.

Highway 95 poses a major impediment to wildlife attempting to reach the wetlands via
this corridor. The situation with respect to the highway is identical to that described for
the Luxor Creek Corridor, with the infilled right-of-way completely obstructing the
corridor (see Section 4.3.2.5.2).
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4.3.2.7

Upper Benchlands Corridor

4.3.2.7.1

Description

This corridor can be characterized as a relatively broad swath of land, close to 1 km in
width in places but narrower in others, running parallel to the Columbia valley at the base
of the Brisco and Stanford Ranges, along the entire length of the study area (Fig. 4-6).
The corridor lies primarily on private lands although in the northern part of the study
area, it traverses some provincial lands. The eastern limit of the corridor consists of the
steep slopes of the Brisco and Stanford ranges while its western limit is defined by the
ZOIs associated with either Highway 95 or residential or recreational developments. The
corridor is located at an elevation of 900-1100 m and runs parallel to the topographic
contours.
4.3.2.7.2

Discussion

Both summer and winter corridor values were high for elk along this corridor (Fig. 4-3a
and 4-3b). Portions of the corridor also received high corridor values for grizzly bear
(Fig. 4-5). Slopes throughout the corridor are generally less than 30%, providing wildlife
with an energetically efficient travel route. The availability of cover is variable due to a
mixture of land-uses including Christmas tree farming north of Radium and residential
areas, campgrounds and a golf course south of Radium.

It appears likely that this corridor has the potential to act as a major conduit for wildlife
movements up and down the Columbia River Valley, especially north of Radium Hot
Springs. As well, a key characteristic of this corridor is that it provides a safe route for
wildlife moving between the Columbia River valley and Kootenay National Park via the
Lower Sinclair Creek Corridor. Radio-telemetry data and personal observations,
described in Section 4.3.2.13.2 within the context of the Lower Sinclair Creek Corridor,
attest to the importance of the Upper Benchlands Corridor in maintaining connectivity
between the Columbia River valley and KNP.
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Despite the positive attributes noted above, several factors work against the functionality
of this corridor. The open canopied forest that have resulted from Christmas tree
farming, for example, provide sub-optimal visual cover for wildlife. As well, the
functionality of this corridor is believed to be seriously compromised by a number of
human-related impediments. Wildlife entering this corridor at the north end of the study
area and traveling south would have to cross the Kindersley-Pinnacle Forestry Road. The
traffic levels on this road are such, however, that it is likely relatively permeable to
wildlife movements perpendicular to the road. On the other hand, visual cover is
generally poor in this area due to past logging activities and this lack of cover increases
the significance of the road as a source of sensory disturbance. Traveling south along the
corridor, wildlife encounter a major constriction caused by the presence of residential
dwellings at Edgewater. The effect of this constriction is exacerbated by the presence of
a number of agricultural fields, which offer poor hiding cover. South of Edgewater, the
corridor is relatively wide and possesses generally high corridor values for elk and
grizzly bear (Fig. 4-3a, 4-3b, and 4-5). However, Highway 93 and the Radium townsite
together create a highly significant - perhaps impassable - barrier for sensitive species.
South of the Highway, the corridor is less well-defined than its northern portion and its
functionality is adversely affected by the presence of the Redstreak Campground within
KNP, the Radium Resort hotel and golf course, in addition to an almost continuous strip
of small-scale development along Highway 95 between Radium and the southern limit of
the study area.

Due to the presence of several significant impediments, the functionality of the Upper
Benchlands Corridor for long-distance movements along the Columbia Valley is
questionable for grizzly bear. However, the corridor may be useful for short movements
from one side drainage to another. This is consistent with occasional grizzly bear
sightings reported by local residents along the upper benchlands between Edgewater and
Radium. South of Radium, the higher level of human activities probably largely
precludes use of this portion of the corridor by grizzly bear.
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For elk, which are less sensitive to human presence than grizzly bear, the corridor likely
has greater functionality. Personal observations of numerous elk pellets at the KNP
woodpile located in a small clearing between the K N P administrative buildings and the
Radium Resort Golf course indicate some use of the southern portion of the corridor by
elk. North of Radium, key informants reported regular use of the upper benchlands by
elk.

It is also apparent that the Upper Benchlands Corridor is used by species other than
grizzly bear and elk. Indeed, there was general consensus among key informants that this
corridor is used extensively by mule deer, cougar and black bear.

4,3,2.8

Lower Benchlands Corridor

4.3.2.8.1

Description

The Lower Benchlands Corridor runs parallel to the Columbia River between the railway
and Highway 93, for the entire length of the study area (Fig. 4-6). Approximate elevation
of this corridor, which parallels the general trend of the contour lines, is between 800 and
900 m. Vegetation cover consists primarily of open-canopied forests. The corridor lies
primarily on private lands although south of Radium Hot Springs, it traverses provincial
lands associated with the Columbia Wetland Wildlife Management Area.

4.3.2.8.2

Discussion

Winter and summer corridor values for elk along this corridor were moderate (Fig. 4-3a
and 4-3b). The functional width of this corridor is limited by its location between the
railway and the highway. For grizzly bears, corridor values were low (Fig. 4-5) and thus,
the corridor is not believed to be a viable travel route for this species. Even for elk, the
functionality of this corridor is questionable due to a number of factors, including:
•

It is bound on either side by major transportation corridors, both representing
potential sources of sensory disturbance and direct mortality.
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•

Unlike the Upper Benchlands Corridor, it does not offer a safe and direct route
into K N P via the Lower Sinclair Creek Corridor. In order to access KNP, wildlife
using the Lower Benchlands Corridor have to cross Highway 95, a potentially
hazardous undertaking.

•

It is interrupted by the settlements of Edgewater and Radium Hot Springs.

•

It is dissected by numerous gulleys and ravines, which make this a more costly
route in terms of energy expenditure.

The corridor may still be functional for short intra-range movements of species not overly
sensitive to human presence.

4.3.2.9

Wetlands Corridor

4.3.2.9.1

Description

The Wetlands Corridor includes all lands located within the main floodplain of the
Columbia River (Fig. 4-6). Most of these lands are under provincial jurisdiction as part
of the Columbia Wetlands Wildlife Management Area although a few privately owned
parcels are located within the corridor south of Radium Hot Springs. This corridor is

located at an elevation of approximately 800 m.
4.3.2.9.2

Discussion

The Wetlands Corridor represents a third potential travel route for the movements of
wildlife along the along the long-axis of the Columbia Valley. It benefits from a
significant level of protection resulting from its location within the Columbia River
Wetlands W M A . Potentially, this corridor could be used for intra-range and dispersal
movements along the longitudinal axis of the Columbia Valley.

However, this corridor offers some of the same disadvantages as the Lower Benchlands
corridor in terms of wildlife movements in and out of KNP via the Lower Sinclair Creek.
In addition, the presence of large expanses of open water and the river channel itself may
represent impediments to movement. Finally, visual cover is generally poor in the
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wetlands, often restricted to narrow stringers along the banks of water channels. This
lack of cover may make this corridor less desirable for some species.

Winter and summer corridor values were relatively high for elk within the Wetlands
Corridor where data were available. However, few ratings of habitat suitability for elk
were available within the wetlands (Fig. A 8 - l a and A8-lb). There appears to be general
consensus among key informants that the wetlands receive extensive use by elk during
winter (see Section 2.1.2.1). However, less is known about the use of the wetlands as a
movement corridor. More complete habitat suitability information would be required in
order to make a conclusive judgment about the functionality of this corridor for elk.

For grizzly bears, the likelihood of the wetlands serving as a movement corridor is
extremely low due to the highly developed and intensively managed nature of the
Columbia valley. According to B . McLellan (pers. comm., as cited in Apps 1997),
"although seasonal grizzly bear use is observed in some specific locales within the Rocky
Mountain Trench, east-west population connectivity is considered poor to non-existent".

4.3.2.10 Six-Mile Creek Corridor
4.3.2.10.1 Description
This corridor runs roughly parallel to Columbia valley axis between Highway 95 and the
Upper Benchlands Corridor (Fig. 4-6). From the Lower Kindersley-Luxor Creek area at
its north end, this corridor follows the Six-Mile Creek drainage, which essentially bisects
the portion of Edgewater located above Highway 95. Immediately south of Hewitt Road,
the corridor links up again with the Upper Benchlands Corridor. The corridor is located
entirely on private lands at a more or less constant elevation of roughly 950 - 1000 m.
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4.3.2.10.2 Discussion
Corridor values for elk were moderate to high along the Six-Mile Creek Corridor for both
the winter and growing seasons (Fig. 4-3a and 4-3b). Corridor values were low for
grizzly bear and thus, this corridor is considered unsuitable for the movements of grizzly
bears. However, key informants reported regular evidence of black bear and cougar use
along Six-Mile Creek.

This corridor provides an alternative route for connecting the upper benchlands north and
south of Edgewater. Impediments to movement along this corridor consist of a few
residential dwellings near Hewitt Rd. and Hewitt Rd. itself, which is a well-traveled
gravel road used for residential access. Traffic levels are low enough, however, that they
should not impede the movements of wildlife trying to get across, especially at nighttime
when traffic is minimal.

4.3.2.11 McCauley Creek Corridor
4.3.2.11.1

Description

The McCauley Creek Corridor stretches from the upper reaches of the McCauley Creek
drainage basin to the Columbia Valley Wetlands (Fig. 4-6). Its upper portion is located
on provincial lands while it lower portion lies primarily on private lands. Elevation
within this corridor varies between 800 m and 1500 m. Cover is generally good as
natural vegetation has been maintained within the riparian corridor.

4.3.2.11.2

Discussion

Summer corridor values for elk were quite high within this corridor (Fig. 4-3a). Winter
corridor values were lower due in part to high human activity levels associated with the
Edgewater cross-country ski trails (Fig. 4-3b). This corridor also received relatively high
corridor values for grizzly bear, especially in its more remote upper section (Fig. 4-5).
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Because it follows the elevational gradient, the McCauley Creek Corridor likely serves as
a travel lane for intra-range movements of elk and other species attempting to optimize
the seasonal availability of forage between summer and winter ranges. Key informants
reported observing elk, cougar and grizzly bear along this corridor. In spring 1997, a
grizzly bear was sighted near Baptiste Lake. It was believed that this bear would have
traveled down the McCauley Creek Corridor to reach this location.

The upper reaches of the corridor lie in very remote terrain, which is generally only
accessed by humans during the fall hunting season. At its lower end however, human
disturbance is significant. Highway 95 represents the most serious impediment to
movements and no adequate crossing structure exists to allow the safe passage of wildlife
from one side of the highway to the other along this highway. A small cluster of
dwellings immediately west of the highway constitutes another obstruction along this
corridor.

4.3.2.12 Geddes Creek Corridor
4.3.2.12.1 Description
This corridor lies on private lands and extends from the headwaters of Geddes Creek to
the Columbia Wetlands (Fig. 4-6). Cover along this corridor is fair due to extensive
Christmas tree farming above Highway 95 and the presence of cleared agricultural fields
below Highway 95.

4.3.2.12.2

Discussion

Like the McCauley Creek Corridor, this corridor follows the elevational gradient and as
such, is probably used for seasonal movements between summer and winter ranges.
Major impediments include Highway 95 and the agricultural homestead known as the
Upper Ranch or, more recently, as Elk Park Ranch. Poor visual cover limits the
functionality of this corridor, especially for wary species. As in the case of the McCauley
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Creek Corridor, Highway 95 represents an impediment to movement and a source of
increased mortality risk. This corridor did not receive high corridor values for elk due to
the cumulative effect of moderate values for the different routines. It is believed that it
may still be a viable corridor since no major limitations exist. The

lower

part o f the

corridor, however, lacks visual cover. Corridor values for grizzly bear were very low to
moderate along this corridor (Fig. 4-5).

4.3.2.13 Lower Sinclair Creek Corridor
4.3.2.13.1 Description
The Lower Sinclair Creek Corridor extends from Sinclair Pass, located on the eastern
boundary of the study area (elev. 1486 m), to the Columbia River wetlands (elev. -800
m) (Fig. 4-6). The corridor is generally well forested throughout, offering good visual
cover, although it is situated almost entirely within the zone of influence of Highway 93.
As well, slopes are very steep on either side of Lower Sinclair Creek with several
sections reaching between 60-100% or greater within the Sinclair Canyon. The upper
portion of the Lower Sinclair Corridor lies within K N P while its lower portion traverses
private lands before reaching the wetlands, which are under provincial jurisdiction.

4.3.2.13.2 Discussion
This corridor is significant because it provides a major, low-elevation linkage between
the Kootenay River and Columbia River drainages. Such a linkage may represent an
important dispersal route between wildlife populations of the Kootenay and Columbia
valleys. Conditions along this corridor are far from optimal, however. High traffic levels
along Highway 93 coupled with steep topography have resulted in relatively low corridor
values for elk and grizzly bear (Fig. 4-3a, 4-3b and 4-5). Within KNP, tourist
accommodations and a Parks Canada maintenance compound represent additional
impediments to the movements of wildlife, especially for species sensitive to human
presence such as bear, elk, wolf and cougar.
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In spite of these negative factors, limited empirical data suggest this corridor is
functional, at least to some degree, as a travel route for wildlife. Some of these data
provide evidence for movements between the Lower Sinclair Creek drainage and the
Upper Benchlands Corridor. In fall 1999, a K N P employee sighted a lone elk along
Highway 93 in the Lower Sinclair drainage. More recently, in April 2000, radio-collared
elk #315 from the Kootenay Valley in K N P was documented moving through this same
drainage to the Columbia Valley. This elk was later located 1.5 km west of Highway 95
near Radium and subsequently 3 km north of Radium. As well, on June 11, 2000,
researchers observed an untagged elk along Highway 93 between Kimpton and John
McKay creeks. The presence of uncollared elk along the Lower Sinclair drainage is
suggestive of dispersal movements from the Columbia to the Kootenay valleys.

There is evidence that wolves use the Lower Sinclair Creek and Upper Benchlands
Corridors as well. In November 1999, a lone radio-collared wolf was documented
traveling from the Kootenay to the Columbia valley via the Lower Sinclair Creek
Corridor (A. Dibb, pers. comm. May 2000). This wolf was reported by Parks Canada
researchers to have crossed Highway 93 several times between Sinclair Pass and the
Aquacourt, then to have traveled on the south side of the highway before crossing one
last time at the Canyon Campground to access the private lands north of Radium Hot
Springs and east of Highway 95. In December 1999, the same wolf was documented reentering the park along the western boundary of the park north of the hot pools.

Cougar are also known to use the Lower Sinclair Creek Canyon. According to A. Dibb
(pers. comm. July 1998), cougar tracks are common on trails along the Lower Sinclair
Canyon Creek in winter. Moreover, in summer, cougar sightings near the overnight
accommodations are fairly regular occurrences (A. Dibb, pers. comm. July 1998).

Personal observations provide further evidence of wildlife movements between the
Lower Sinclair and Upper Benchlands Corridor. In fall 1999, during a single walk along
the Berland Fire Road, which runs for approximately 2 km from the Aquacourt within
Kootenay National Park to the Columbia Valley benchlands north of Radium I observed
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11 large carnivore scats of which 5 appeared to be from cougar and the rest from either
wolf or coyote. Ungulate tracks were also observed although their obscured nature
precluded specific species identification.

The lower portion of the Lower Sinclair Corridor, which is located outside the KNP
boundary, is of questionable functionality due to the presence of a number of humanrelated obstructions. Immediately outside the park is the Canyon Campground, which is
operational year-round and occupies the entire floor of the drainage between the KNP
boundary and Highway 95 and thus, constitutes a significant source of sensory
disturbance. Highway 95 represents another major obstacle due to massive infilling,
which effectively blocks the entire width of the corridor. Below Highway 95, a large
lumber mill operated by Slocan Forest Products Ltd. acts as a major source of sensory
disturbance, a situation exacerbated by the fact that the mill is operational 24 hours a day.

4.3.2.14 John McKay Creek Corridor

4.3.2.14.1 Description
This corridor runs in a north-south direction and potentially connects the upper reaches of
the McCauley Creek drainage basin at its uppermost extremity (elev. -2200 m) with the
Lower Sinclair Creek Corridor at its base (elev. ~1100 m) ( Fig. 4-6). The McKay Creek
Corridor lies entirely within KNP. It is heavily forested throughout due to the park's
long-standing policy of fire suppression and thus, visual cover is abundant.

4.3.2.14.2 Discussion
This corridor received corridor values varying from low to high for elk, for both the
growing and winter seasons (Fig. 4-3a and 4-3b). Low values are concentrated in the
lower portion of the corridors and are attributable to the near absence of forage/cover
ecotone (Fig. A8-3) and the presence of the McKay Creek compound, which obstructs
the entire lower end of the narrow and steep-sided corridor. For grizzly bears, corridor
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values were high throughout the corridor except at its base where the influence of
Highway 93 and the maintenance compound have resulted in low scores (Fig. 4-5).

Because it follows the elevational gradient, the McKay Creek Corridor potentially serves
as a seasonal travel route for elk and other species moving between high elevation
summer ranges and winter ranges located in valley bottoms. Hence, this corridor is
probably used primarily during the spring or fall. Under pristine conditions, grizzly bears
would likely use this corridor for seasonal movements as well. However, high human
activity levels at the base of the corridor compromise the functionality of this corridor for
grizzly bears. It is quite possible, however, that some grizzly bears access the upper
reaches of the corridor via the McCauley Creek drainage, located immediately to the
north.

4.3.2.15 Redstreak Creek Corridor

4.3.2.15.1 Description
The Redstreak Corridor is located just south of the McKay Creek Corridor and like the
latter, is contained within KNP boundaries (Fig. 4-6). The corridor extends from the
Stoddart Creek drainage to Highway 93. Elevations vary from approximately 1800 m
near the Stoddart Creek drainage to roughly 1100 m at the base of the corridor. The
corridor is densely forested throughout.

Human access within this corridor is limited to the Redstreak Trail, which receives low
use (<100 parties/month) during the summer season and incidental use during the rest of
the year.

4.3.2.15.2 Discussion
Corridor values were quite high for grizzly bear along this corridor (Fig. 4-5). For elk,
however, corridor values were low, resulting from the scarcity of forage/cover ecotone
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(Fig. A8-3 and 4-3). Nonetheless, personal and other observations suggest that some elk
use occurs within this corridor. In May 1998, for example, I observed elk tracks near the
base of the Redstreak Trail. The tracks were headed upvalley although, due to the their
location near the base of the corridor, it is unclear if the overall path of travel was along
the Lower Sinclair Corridor or the Redstreak Creek Corridor. As well, A. Dibb (pers.
comm. July 1998) reported that elk tracks are occasionally seen along the Redstreak
Creek drainage.

4.3.2.16 Kimpton Creek Corridor

4.3.2.16.1 Description
The Kimpton Creek Corridor extends from the southern limit of the study area to
Highway 93 and lies entirely within K N P (Fig. 4-6). Visual cover is abundant due to the
presence of closed canopy forests. Avalanche chutes make up another important cover
type within this corridor. Elevation within the corridor varies from 2200 m at the top of
Kimpton Pass to 1300 m where the corridor joins the Lower Sinclair Creek Corridor.
4.3.2.16.2

Discussion

Summer and winter corridor values for elk varied from moderate to high within the
Kimpton Creek Corridor (Fig. 4-3a and 4-3b). Grizzly bear corridor values were
generally high (Fig. 4-5). Corridor values were also high for both of these species along
the south side of Highway 93 up to Sinclair Pass which suggests good connectivity from
the Kimpton Creek Corridor over to the Kootenay valley via the upper section of the
Lower Sinclair Creek Corridor. As well, animals moving up the Kimpton Creek Corridor
could potentially access the Shuswap Creek drainage, which lies immediately south of
Kimpton Pass (elev. 2180 m).

Key informants interviewed for this study reported regular use by grizzly bears of the
numerous avalanche chutes along the upper slopes of the Kimpton Creek drainage.
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Human-related impediments along this corridor are few as the Kimpton Creek Trail
receives only low use (<100 parties/month) by hikers.

4.3.2.17

Palmer Creek Corridor

4.3.2.17.1 Description

The Palmer Creek Corridor is located in the Stanford Range south of Radium Hot
Springs. This corridor follows the elevational gradient and connects the Upper
Benchlands Corridor (elev. ~ 1050 m) to upper elevation habitats at the headwaters of
Palmer Creek (elev. ~ 1800 m) (Fig. 4-6). It is located mostly within KNP. The corridor
is well forested along its entire length.

4.3.2.17.2 Discussion
The Palmer Creek Corridor received high summer and winter corridor values for elk (Fig.
4-3a and 4-3b). Because it follows the topographic gradient, this corridor is likely used
by elk for seasonal movements between summer and winter ranges. The Palmer Creek
Corridor also received high corridor values for grizzly bear (Fig. 4-5) although grizzly
bear movements must be restricted at the base of the corridor due to high human activity
levels associated with the Radium Golf Resort. Moderate to high corridor values within
the portion of the Upper Benchlands Corridor located between Palmer Cr. and Dry Gulch
Cr. suggest good connectivity between these two drainages for elk and, to a lesser degree,
grizzly bear.

4.3.2.18 Dry Gulch Creek Corridor

4.3.2.18.1 Description
The Dry Gulch Creek Corridor is located south of Radium Hot Springs. It originates at
the headwaters of Dry Gulch Creek, located within KNP, and crosses provincial and

183

private lands before making its way into the Columbia River wetlands (Fig. 4-6). The
primary cover type along this corridor consists of open to closed canopied forests.
Grassy areas are common along the south-facing side of the Dry Gulch drainage.
Elevations along this corridor vary from approximately 1500 m in its uppermost reaches
to 800 m where it reaches the Columbia River floodplain.

4.3.2.18.2 Discussion
This corridor provides a potential travel route for animals moving from high elevation
summer ranges within the Stanford Range to the low elevation winter range within the
Columbia Valley. Visual cover varies from moderate to very good depending on the
nature and availability of forest cover.

Impediments along this corridor include the Dry Gulch Provincial Campground located
immediately above (east of) Highway 95. This is a small, relatively quiet campground,
which does not receive much use other than during the prime camping season. Highway
95 represents a physical obstruction and source of direct mortality for wildlife using this
corridor. Another significant impediment along this corridor is the Playland amusement
park, which is located directly within the drainage, immediately below Highway 95. This
recreational facility is operational during the summer months only. Below the
amusement park, the corridor is relatively free of impediments other than the railway,
which is believed to be relatively permeable to the movements of wildlife although it can
be a significant source of direct mortality for wildlife (Green et al. 1996).

4.3.2.19 Stoddart Creek Corridor

4.3.2.19.1 Description
This corridor is located at the southern end of the study area and connects the upper
reaches of the Stoddart Creek drainage basin to Columbia River Wetlands (Fig. 4-6). This
corridor lies primarily on provincial lands although its lower section is contained within
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the Shuswap Indian Reserve. The corridor varies in elevation from approximately 800 m
to 1800 m.

4.3.2.19.2 Discussion
Closed-canopied forests provide good hiding cover in the upper section of this corridor.
However, in the lower section, open-canopied forests are more prevalent and grassy areas
are a common occurrence on the south-facing side of the drainage. Nonetheless, cover is
believed to be adequate throughout most of the corridor.

Above Highway 95, corridor functionality is estimated to be high. Indeed, this portion of
the corridor received relatively high corridor values for both elk and grizzly bear (Fig. 43a, 4-3b, 4-5). Human use levels along upper portion of the corridor are low with only a
poorly maintained trail providing access into the upper reaches of the Stoddart Creek
drainage. As well, motorized vehicles are prohibited along the Stoddart Creek Road,
which connects the Dry Gulch area to a water intake along Stoddart Creek on the east
side of Highway 95, further limiting access into the drainage.

Below Highway 95, corridor values for elk and grizzly were very low. This is due
primarily to high human activity levels associated with the highway as well as a
residential area and golf course, which occupy the alluvial fan located at the mouth of
Stoddart Creek. Highway 95, with its high traffic volumes (see Section 1.3.8.1) and
infilled right-of-way cutting across the entire drainage valley, is believed to constitute a
serious impediment to movements along the Stoddart Creek Corridor. Sensory
disturbances and the removal of natural vegetation associated with the residential area
and golf course, likely obstruct wildlife movements as well. The railway poses another,
albeit more minor, impediment before the corridor joins the wetlands area.

It appears unlikely that grizzly bear would use the lower portion of the Stoddart Creek
Corridor due to high levels of human activity. However, for elk, the Stoddart Creek
Corridor has the potential to offer a relatively safe and energetically efficient travel route
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between high elevation summer ranges of the Stanford Range and the Columbia Valley
winter range. As well, this corridor provides a direct link with the Redstreak Creek
Corridor via a relatively low-lying saddle situated between the Redstreak and Stoddart
Creek drainages at an elevation of approximately 1800 m. It is likely that elk and grizzly
bear use this saddle for intra-range movements during the growing season.
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4.3.3

Corridors for Bighorn Sheep

4.3.3.1 Introduction
In this section, I describe potential corridors identified for bighorn sheep. Table 4-3
provides a "quick guide" to these corridors, which are depicted in Figure 4-7. Each
corridor is described and discussed in greater detail in the pages that follow.

Table 4-3: 'Quick guide' to corridors identified for bighorn sheep.

Corridor
Name

Gen Location
(Fig. 4-7a)

Season of Use

Brisco

N . portion of study
area
N . portion of study
area
Eastern edge of
study area
Along Hwy 93
S. portion of study
area
S. portion of study
area

Summer

Mt. Berland
High Divide
Sinclair
Radium- Stoddart
Redstreak Mtn.

Devil's Tooth

Growing season
Growing season
A l l year
A l l year
Growing season

S. portion of study
area
S. portion of study
area
S. portion of study
area
Radium townsite

Growing season

Redstreak
Campground

Radium townsite

A l l year

Golf Course

Radium townsite

A l l year

Upper Redstreak
Creek
Dry Gulch and
Stoddart Cr
Lower Bluffs

Growing season
Growing season
A l l year

~T
Figure 4-7a: Potential corridors for bighorn
sheep in the greater Radium Hot Springs
area, B.C. Areas depicted in red represent
areas of high mortality risk due to collisions
with vehicles or trains.
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Figure 4-7b: Potential corridors for bighorn sheep in the immediate vicinity of
Radium Hot Springs, B.C. Areas depicted in red represent areas of high mortality risk due
to collisions with vehicles or trains.
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4.3.3.2 Brisco Corridor

4.3.3.2.1. Description
The Brisco Corridor runs along the exposed upper slopes of a major ridge within the
Brisco Range (Fig. 4-7a). This corridor links the north end of the study area with the
Lower Sinclair Creek Corridor. Elevations at the top of the ridge vary between 2100 and
2500 m. The southern portion of this corridor is located within KNP while its northern
portion lies on multiple-use provincial lands.

4.3.3.2.2. Discussion
Summer corridor values for sheep were generally high along this corridor due to the
presence of steep terrain and high visibility (Fig. 4-4a). Winter corridor values were low
due to high elevations (Fig. 4-4b). This corridor potentially acts as a dispersal route for
bighorn sheep and may also be used for intra-range movements during the growing
season. Previously in Section 2.2.4.1,1 cited reports of interchange between the Golden
and Radium herds. As well, local residents attested to past use of this corridor by sheep,
especially north of Edgewater in the Kindersley Creek area. There is a small mountain in
this area known as Fossil Mountain. According to long-time residents, this mountain
used to go by another - no so polite - name due to the great abundance of sheep pellets.
Instances of mature rams overwintering along the Brisco corridor north of Edgewater
have also been reported although I did not come across any recent accounts of sheep use
in this area. Some key informants attribute the decline in sheep use of this area to forest
ingrowth resulting from a long-standing regime of fire suppression.
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4.3.3.3 Mt. Berland Corridor

4.3.3.3.1

Description

The Mount Berland corridor encompasses the upper reaches of Mt. Berland and connects
the middle portion of the Brisco corridor with the Lower Sinclair Creek Corridor (Fig. 47a). The southern end of this corridor is contained within the K N P while the northern
end lies on provincial lands. Elevations vary between approximately 2300 m at the
summit of Mt. Berland to 1100 m within the Sinclair Canyon.

4.3.3.3.2

Discussion

This corridor has a few gaps in it that correspond to areas of lesser summer habitat
suitability (Fig. A8-10a). Sheep moving through this area would probably be inclined to
skirt around these areas. Mt. Berland is known as the prime lambing grounds for ewes of
the Radium area. The presence of lambing grounds is believed to be an important factor
in the selection of spring movement corridors by ewes (See Section 2.2.4.4). Ewes are
often observed with their lambs within the Sinclair Corridor where they are known to
access important mineral licks. Thus, it can be assumed that the Mt. Berland corridor
constitutes an important travel route for ewes traveling between the Sinclair Canyon and
the Mt. Berland lambing grounds. Rams may also use this corridor to move from the
Sinclair Canyon area to the Brisco Corridor.

Because of the rugged, remote terrain with which this corridor is associated, humanrelated impediments are few. However, a number of tourist accommodations are located
at the intersection of the Mt. Berland and Sinclair Corridors. The area surrounding these
accommodations is known to contain mineral licks that are heavily used by sheep
throughout the year. While the sheep appear quite tolerant of the high level of human
activity in this area, the presence of accommodations likely represents stress factors in
terms of habitat loss as well as harassment. Long-term stress can lead to weakened
immune systems and increased vulnerability to die-offs (see Section 2.2.5.3.1).
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4.3.3.4 High Divide Corridor
4.3.3.4.1

Description

This corridor follows the divide that makes up the eastern limit of the study area (Fig. 47a). As its name implies, it is a high elevation corridor (elev. 2500-2700 m)
characterized by steep, exposed, rocky terrain. This corridor is located on federal lands,
within KNP.

4.3.3.4.2

Discussion

Summer corridor values were moderate to high along most of the length of this corridor
(Fig. 4-4a). Figure 4-4b shows that winter values were moderate, although it is doubtful
that this corridor gets much use in winter due to its very high elevation.

The corridor is located in remote and rugged terrain and thus, is not vulnerable to
disturbance associated with human activities. However, where Highway 93 intersects the
corridor, collisions with vehicles may be an issue although I did not encounter specific
data demonstrating this. The seriousness of this issue would depend on how much use by
sheep this corridor receives.

4.3.3.5 Lower Sinclair Creek Corridor

4.3.3.5.1

Description

The Lower Sinclair Creek Corridor runs along Highway 93 from the top of Sinclair
Summit (elev. ~ 1475 m) at the eastern edge of the study area to the Columbia River
Wetlands (elev. ~ 800 m) (Fig. 4-7a and 4-7b). The upper portion of this corridor is
located within KNP while its lower section lies on private lands. Generally speaking, the
corridor is steep-sided and narrow, especially within the Sinclair Canyon located between
Highway 95 and the McKay Creek maintenance compound. The lower portion of the
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corridor branches off into two forks. The north fork follows a series of steep grassy
slopes on the north side of Sinclair Creek and terminates just below the Radium Ridge
subdivision immediately west of Highway 95. The south fork follows Highway 93 into
the Radium townsite where much of the winter range is located.

4.3.3.5.2

Discussion

Summer and winter corridor values for sheep were variable throughout this corridor with
high values corresponding to areas in proximity to escape terrain (Fig. 4-4a and 4-4b).
According to key informant interviews, this corridor is used extensively by ewe and ram
groups all year. Numerous mineral licks occur within the corridor, which act as a major
attractant for sheep (Section 2.2.2.5). The steep walls of the Sinclair Canyon offer
excellent escape terrain in close proximity. Its relatively low elevation (900-1500 m)
implies it is accessible to sheep year-round.

Sheep do not seem to mind the high traffic level of the highway and are often seen either
walking or licking salt along its shoulders. They also cross the road with very little
regard for vehicles, which explains the high incidence of vehicle/sheep collisions in this
area. As well, sheep do not appear unduly perturbed by the presence of people associated
with the Aquacourt and nearby tourist accommodations. However, I have witnessed
people approaching sheep to photograph them and, in another instance, children yelling at
them. In both instances, the sheep interrupted their foraging and moved away in an
attempt to create more distance between themselves and the intruders. This kind of mild
harassment is likely a fairly regular occurrence and can represent a source of long-term
stress. Stemp (1983) cautioned against the unreliability of overt behavioural responses as
an indication of physiological stress. The reader is referred to Section 2.2.5.3.1 for a
more complete discussion of stress in wild sheep.
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4.3.3.6 Radium-Stoddart Corridor

4.3.3.6.1

Description

The Radium-Stoddart Corridor links ranges in the vicinity of the Radium townsite with
ranges in the Stoddart Creek area (Fig. 4-7a). At its north end, this corridor joins the
Lower Bluffs and Redstreak Campground Corridors while at the south of the study area,
it connects with the Dry Gulch and Stoddart Creek Corridors. The Radium-Stoddart
Range Corridor runs parallel to the topographic contours, at an elevation of
approximately 900 to 1000 m.

4.3.3.6.2

Discussion

The Radium-Stoddart Corridor likely serves as an intra-range travel route for sheep
moving between the Radium townsite and Stoddart Creek portions of the winter range.
The Stoddart Creek range represents the traditional winter range for this herd although in
recent years, winter use has shifted in favour of the golf course within the Radium
townsite.

The most significant human-related issue regarding this corridor is the presence of
Highway 95, especially along Mile Hill where the corridor essentially straddles the
highway. Vehicle-related sheep mortality is a well-recognized issue here, especially in
winter when sheep are concentrated on their low-elevation range.

Summer and winter corridor value maps for sheep (Fig. 4-4a and 4-4b) did not depict the
area around Mile Hill as important to sheep movements. Examination of the intermediate
layers of the sheep model revealed that the low corridor values in this area were primarily
attributable to the low score of the "distance from escape terrain" layer (Fig. A8-12).
Visibility and habitat suitability coefficients were relatively high for this area.
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4.3.3.7 Redstreak Mountain Corridor

4.3.3.7.1

Description

The Redstreak Mountain Corridor is located within KNP and extends from the Redstreak
Campground area, located northwest of Redstreak Mountain, to the middle portion of the
of Stoddart Creek drainage (Fig. 4-7a). The corridor follows a succession of semiexposed secondary peaks and ridges interspersed with forested dips and valleys, which lie
to the west of the main summit of Redstreak Mountain. Elevations within this corridor
are moderate, averaging between 1500 m and 1800 m.

4.3.3.7.2

Discussion

The Redstreak Mountain Corridor is a poorly defined corridor characterized by a patchy
assemblage of moderate to high summer and winter corridor values (Fig. 4-4a and 4-4b).
Areas of high corridor value are characterized by open, often southwest facing slopes in
proximity to escape terrain while areas of low corridor value correspond to more heavily
forested dips and valleys. This corridor likely serves primarily as a travel route for
movements within the summer range although little is known about sheep movements or
habitat use in the Redstreak Mountain area (see Section 2.2.2.4). Its location at moderate
elevation suggests that it is likely used mostly during the growing season with some use
possibly occurring in late fall and early spring. This corridor is located in fairly remote
and rugged terrain and thus, is not vulnerable to human disturbance.

The Redstreak Mountain Corridor likely extends beyond the southern limit of the study
area, providing a dispersal route for sheep moving between the Radium-Stoddart and
Windermere ranges.
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4.3.3.8

Devil's Tooth Corridor

4.3.3.8.1

Description

The Devil's Tooth Corridor follows a prominent and very linear ridge forming the
western limit of the Kimpton Creek drainage within the Stanford Range (Fig. 4-7a).
Located entirely within KNP, the corridor extends from the Lower Sinclair drainage to
the headwaters of Stoddart Creek. Elevations within this corridor vary between 1200 m
at its northern extremity within the Lower Sinclair drainage to 2400 m at the summit of
Devil's Tooth.

4.3.3.8.2

Discussion

This corridor received low to moderate summer corridor values (Fig. 4-4a) and low to
very low winter corridor values (Fig. 4-4b). Because of its high elevation, use of this
corridor by sheep is likely restricted to the growing season. It may be used as a travel
route between the Stoddart Creek area to the Lower Sinclair area. Its alignment with the
Brisco Corridor may make this corridor suitable for summertime intra-range movements
between the Brisco and Stanford ranges. As well, dispersing rams may select to follow
this corridor south past the southern limit of the study area to other sheep ranges. Little
information exists on sheep movements along this potential corridor, however. Because
of its high elevation and remoteness, this corridor is unlikely to be affected by human
disturbance.

4.3.3.9

Upper Redstreak Creek Corridor

4.3.3.9.1

Description

The Upper Redstreak Corridor follows a secondary ridge line located just west of the
Devil's Tooth Corridor (Fig. 4-7a). The corridor originates, at its northern extremity, near
the headwaters of Redstreak Creek (hence its name) where it branches off from the
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Devil's Tooth Corridor and then extends in a south-southeasterly direction past the
southern limit of the study area. Elevations along this corridor are moderate, varying
between 1500 and 2000 m within the study area.

4.3.3.9.2

Discussion

This corridor features relatively good visibility, especially along its southwest aspects.
Topography along this corridor is quite regular providing an energetically efficient travel
route for sheep. Its moderate elevation implies sheep use primarily during the growing
season, with some use possibly occurring in late fall and early spring.

4.3.3.10

4.3.3.10.1

Dry Gulch and Stoddart Creek Corridors

Description

The Dry Gulch and Stoddart Creek Corridors are described together as they share similar
characteristics and functions. These corridors, which lie on provincial and federal lands,
extend from the Radium-Stoddart Corridor to the Redstreak Mountain Corridor (Fig. 47a). Each corridor is located on the south-facing slopes located on the north side of their
respective drainages. The open nature of these southern aspects provides good visibility
and foraging opportunities for sheep. Both corridors follow the elevational gradient with
elevations varying between 1000 m along the Radium-Stoddart Corridor to 1500-1800 m
at the Redstreak Mountain Corridor.

4.3.3.10.2

Discussion

These corridors are likely used by sheep as seasonal migration routes between the
Stoddart Creek winter range and higher elevation summer ranges.
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4.3.3.11

4.3.3.11.1

Lower Bluffs Corridor

Description

The Lower Bluffs Corridor, which lies on private and provincial lands, originates below
the southwest edge of the Radium Springs golf course and connects the golf course area
the Radium-Stoddart Corridor (Fig. 4-7b). The terrain along this corridor is characterized
by the presence of silty bluffs and steep grassy slopes interspersed with narrow, forested
gullies. The elevation of this corridor is approximately 800-900 m.

4.3.3.11.2

Discussion

The summer and winter corridor value maps for sheep (Fig. 4-4a and 4-4b) did not depict
the Lower Bluffs Corridor as important to sheep movements. Examination of the
intermediate layers of the sheep model revealed that the very low corridor values of this
area were primarily attributable to low "distance from escape terrain" coefficients (Fig.
A8-12). Despite low corridor values, sheep use along this corridor is evidenced by
copious quantities of sheep pellets immediately below the golf course as well as below
the pullouts along the Mile Hill section of Highway 95. Personal sightings of sheep
(rams in this case) as well as the regular observation of tracks near the intersection of the
Lower Bluffs Corridor and Radium-Stoddart Corridors during summer 1998 provide
further evidence of use of the Lower Bluffs corridor by sheep.

According to the local conservation officer, railway-related mortality along this corridor
is common, due no doubt to the very close proximity of the railway (R. Hoar, pers.
comm. July 1998). Mortality along Highway 95 is also a problem where the Lower
Bluffs Corridor joins up with the Radium-Stoddart Corridor.
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4.3.3.12

4.3.3.12.1

Redstreak Campground Corridor

Description

This potential corridor connects the Lower Bluffs and Radium-Stoddart corridors to the
Sinclair Corridor (Fig. 4-7). From Highway 95, it follows the Redstreak Campground
access road and then traverses the campground before dropping into the Lower Sinclair
drainage.

4.3.3.12.2

Discussion

Due to the lack of escape terrain, as defined in the sheep model, this corridor is not
evident from the corridor value maps (Fig. 4-4a and 4-4b). However, personal
observations suggest that this area receives regular use by sheep. During the summer of
1998,1 observed on several occasions rams grazing and resting along the Redstreak
Campground Road. Also during summer 1998,1 observed a small group of rams
browsing on shrubbery within the campground itself. In the fall of 1999, on a walk
through the campground after its closure for the season, I observed sheep pellets at
various locations within the campground. Finally, during fall 1999,1 observed a small
group of ewes resting immediately behind the Kootenay Chalet, immediately below the
B-loop of the Redstreak Campground.

One key informant, who used to conduct maintenance work at the campground, reported
that typically, sheep use of the campground increases after its closure in early fall. This
increase in use after the seasonal closure of the campground suggests that sheep use of
the area is impeded, at least to some extent, by the high levels of human activity during
the summer camping season. However, this increase may also be attributable to higher
sheep numbers on the winter range as a result of cold weather. The aforementioned key
informant also remarked that sheep were most often sighted within the B-loop, which is
located along the northwest margin of the campground.
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4.3.3.13

4.3.3.13.1

Golf Course Corridor

Description

This small corridor coincides with the north arm of the golf course and connects the
Lower Bluffs Corridor to the south arm of the Lower Sinclair Creek Corridor (Fig. 4-7b).
It is bounded on either side by residential development.

4.3.3.13.2

Discussion

This corridor may serve as a useful connector between the Lower Bluffs Corridor and the
south arm of the Lower Sinclair Corridor. However, the location of the corridor on the
golf course is problematic. Several key informants interviewed for this study speculated
that the availability of fertilizer-enhanced forage on the golf course may cause increased
sedentarism of the Radium herd, which could lead to long-term adverse effects on the
herd's viability (see Section 2.2.2.1). The question about whether or not the sheep should
have access to the golf course is complex and requires further investigation.
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5

G E N E R A L DISCUSSION

This section is intended as a critical analysis of the project in terms of its methods, results
and implications. I begin, in Section 5.1, with a discussion of various aspects the general
approach taken. Section 5.2 deals specifically with the quality of data used in the
analysis while Section 5.3 focuses on the models themselves, covering the assumptions
and limitations of each one. In Section 5.4,1 discuss the significance and implications of
the results of the study. Finally, in Section 5.5,1 consider how the models and the
information they have generated can be used to inform future local and regional land-use
planning decisions.

5.1

GENERAL APPROACH

5.1.1

Modeling as a Tool for Corridor Identification

The identification of corridors can be achieved by means of two basic methods: (1)
empirically, through the collection of data on wildlife movements in the field or (2)
through modeling. Each method has its advantages and disadvantages. In this section, I
discuss some of the merits and limitations of modeling as a tool for corridor
identification, as demonstrated by the present analysis.

Berry (1986) described models as a framework around which qualitative habitat
information can be structured for decision-making. This corresponds to what I refer to as
the traditional "output-oriented" view of modeling. Habitat suitability index models used
to predict the impacts of timber harvesting operations on wildlife are an example of this
type of modeling application. In contrast, Starfield (1997) remarked that models could be
constructed as an experiment or viewed as a hypothesis or problem-solving tool.
Starfield explained that in this sense, a model is a logical proposition, which serves to
reveal the logical consequences of its assumptions. I refer to this as the "processoriented" view of modeling.
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In retrospect, the models created within the context of the present study served both the
"output" and "process" purposes described above. Consistent with Berry's definition, the
ultimate goal of the modeling exercise was to determine the location of potential
movement corridors for the purpose of informing future land-use decisions. However,
the model-building exercise also proved to be valuable in terms of developing a better
understanding of the factors affecting the movements of wildlife, which is in line with
Starfield's logical proposition analogy. Indeed, the process of building the corridor
models required me to identify the factors believed to affect the movements of wildlife
and to attempt to quantify their effects. This process involved making many
assumptions, each of which can be viewed as a testable hypothesis. Thus, the modeling
exercise served two important, complementary purposes: (1) to reveal the location of
potential movement corridors (output), and (2) to elucidate hypotheses regarding the
factors that affect the movements of animals (process).

Another useful outcome of the modeling exercise was the identification of gaps in the
existing ecological database for the Radium area. Modeling must be viewed as an
iterative process in which the first iteration serves to elucidate assumptions and identify
information gaps. Subsequent iterations serve to enhance the predictive ability of the
model as assumptions are validated and better information is generated and incorporated
into the model. The present analysis represents only the first, yet essential, step in this
iterative process.

Another advantage of a modeling vs. empirical approach to corridor identification is that
the former tells the researcher something about where the animals should be moving
rather than simply where they are moving. For example, wildlife may be avoiding
optimal corridors because of human-related impediments. This was found to be the case
along Highway 2 in Glacier National Park, Montana in an area used heavily by goats to
access a salt lick. During a road upgrade, two underpasses were incorporated into the
highway design. One structure was placed where goats were documented to be crossing
and another where there were naturally occurring cliffs. After completion of the upgrade,
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the goats abandoned the crossing site they had been using in favour of the newly created
passage near the cliffs. It can be speculated that the pre-upgrade crossing site was used
only because it represented the best place to cross the highway but was not the preferred
route of travel. This example illustrates how modeling can serve to guide mitigative
efforts aimed at enhancing connectivity in a human-impacted landscape.

The modeling approach to corridor identification also has its limitations, however. For
one, it is based on an incomplete understanding of the factors that affect the movements
of wildlife. Indeed, very little information was found in the literature describing the
factors driving the choice of travel lanes by wildlife. However, Starfield (1997) noted
that "viewed as a purposeful tool rather than a representation of reality, even a model that
is built on the basis of insufficient data or poorly substantiated assumptions can provide
robust - albeit largely qualitative - conclusions, provided that objectives are clear and the
model is developed carefully according to a tight logic".

Perhaps one of the most important limitations of using a spatial modeling approach for
identifying corridors stems from its inability to adequately account for non-spatial factors
such as predator-prey relationships, learned behaviours passed on from generation to
generation, behavioural differences amongst individuals, knowledge of the landscape or
motivation to reach a particular destination. It is easy to conceive how some or all of
these factors could affect the choice of travel lanes and yet they are not readily accounted
for in a spatial model.

Other limitations of a modeling approach have to do not so much with the nature of the
models themselves but with the quality of the data used as input. The issue of data
quality is discussed in greater detail in Section 5.2 below.

5.1.2

Use of Existing Data Sets

For considerations of time and resources, it was decided from the outset of this project
that the quantification of landscape and habitat features would be conducted based on
existing data sets. For any project, using existing data makes sense in terms of

202

optimizing often highly restrictive research budgets. Some issues are inevitable with
such an approach, however, as the present project served to illustrate. Some of these
issues included:
•

Data not tailored to the needs of the study. This proved to be a real problem with
the T E M data set. Most of the information contained in this data set was not spatially
referenced and thus, was difficult in integrate into a GIS environment. As well,
habitat suitability ratings for elk and bighorn sheep had not been assigned on a
seasonal basis. In addition, no habitat suitability ratings for grizzly bear were
provided.

•

Lack of metadata. This was most evident with the T E M data set. Understanding
how the data were collected and the exact meaning of the suitability ratings required
several phone calls to the project manager as well as to one of the field biologists
involved in the data collection. In spite of these efforts, several questions regarding
the methods followed for assigning habitat suitability ratings remained unanswered.

•

Data that did not cover entire study area. Given the multi-jurisdictional nature of
the study area, this proved to be a very significant issue. For example, the forest
cover data set, which could have contributed significantly to the study, could not be
used because it excluded Kootenay National Park. Conversely, the Ecological Land
Classification (ELC) data set excluded all lands outside KNP and therefore was also
of limited use to the study.

•

Inappropriate scale. The 1:50,000 scale E L C data set, for example, would have
been more useful to this study at a scale of 1:20,000.

5.1.3

Use of Key Informant Interviews

The use of key informant interviews proved to be extremely valuable given the limited
amount of documented information of wildlife use within the study area, especially
outside of KNP. The information acquired from the interviews, which were conducted
early on in the study, allowed to me make informed decisions about many aspects of the
research and model design.
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Moreover, key informant interviews proved to be very useful for assessing human use
levels for seasons other than the June-October monitoring period or for features not
monitored by an automatic counter. I found a high degree of consistency among key
informants as to the nature and level of human activity. In addition, estimates from key
informants correlated well with results from the automatic counters.

The use of key informant interviews yielded another unforeseen, yet important, benefit
for the study. It became apparent in the course of interview process that this was an
excellent means of providing residents with an opportunity to participate in the process as
well as generating local interest in the study and its objectives. Generally speaking,
participants were eager to devote personal time to the study. In return for their
contribution, each participant has been promised a summary of the study's findings,
which should include a map of the identified corridors and accompanying
recommendations. Hopefully, this measure will contribute to a more informed public, an
essential element in the land-use planning process.

5.1.4

Use of Automatic Counters

The use of automatic counting devices proved to be an effective means of measuring the
human activity levels. Three types of counters were used, with varying levels of success.
Seven of the ten counters used were Trailmaster active infrared trail monitors, two were
rod-shaped seismic sensors designed for burial under an unpaved road, and one was a
mat-shaped seismic sensor designed for burial under a trail.

The Trailmaster active infrared trail monitors proved to be the most useful and reliable
type of counter. A description of the methods used for determining counter reliability
was provided in Section 3.2.2.3. The primary strength of this type of counter was its
ability to record the date and time of events, which gave a clear picture of activity
patterns and facilitated the task of distinguishing between bad and good data (bad data
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were usually characterized by a high number of events within a very short period of time,
often due to heavy rain or wind). As well, the Trailmaster counters, which were simply
strapped to tree trunks, were easy to install and move around to different locations as
required. Another advantage of this type of counter was its adaptability to a variety of
settings. For example, it could be used on roads or trails of varying widths.

The rod-shaped sensors proved to be quite reliable for recording vehicular traffic on
secondary roads. Installation of this type of sensor, which involved digging a trench
across the entire width of the road, was much more labour intensive than for the
Trailmaster counters. Another limitation of this type of device is that it only counted
events but did not record the time or the date. This made distinguishing between good
and bad data difficult. However, rod-shaped sensors proved to be quite reliable and
generally not as prone to picking up false readings as the Trailmaster monitors.

The mat-shaped counter, which consisted of a large sheet of plastic approximately 1 m by
1.25 m buried under a trail, proved to be the most difficult to install and yielded the least
reliable results. Uneven terrain, due to an abundance of rocks and roots, made it
impossible to find an area along the trail that was smooth and flat enough to allow for
proper installation. As well, proper functioning of this type of counter requires the hiker
to step near the centre of the pad. Direct observations revealed, however, that hikers
often stepped near the margins of the pad, and when this happened, the event was
generally not counted. The obvious solution to this problem was to increase the sensor's
sensitivity. However, a higher sensitivity setting made the pad more susceptible to false
readings such as those caused by heavy rain.

A l l automatic counters required regular checking and maintenance to keep them
operational. I was able to check them once a week but twice a week would have been
even better. A l l counters were subjected to verification through direct observations and
testing. However, verification involved only small sample sizes due to time constraints
and low human use levels at most locations. Notwithstanding the small samples sizes,
the tests and direct observations revealed that the counters were properly recording the
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numbers of hiking parties or vehicles. In fact, in no instance during a testing or direct
observation did a rod-shaped seismic sensor or Trailmaster infrared counter fail to record
a passing vehicle or hiking party. The mat-shaped seismic sensor did not perform as
well, as was discussed in the preceding paragraph.

I did notice instances, however, when the Trailmaster monitors underestimated the
number of hikers within a party. This generally occurred as a result of two hikers
walking side-by-side. In such a case, the counter would only record one event. This kind
of underestimation was also observed in another human use study involving the use of
Trailmaster monitors (Parks Canada 1995). In the Parks Canada study, it was found that
the counters underestimated the number of individual hikers by 17%. In the present
study, however, only the number of parties needed to be assessed, not the number of
individual hikers. Hence, no correction factor was applied.

5.1.5

Use of GIS

GIS proved to be an excellent tool for this project. It allowed for the relative seamless
integration of multiple layers of data from various sources at different scales. Using a
raster environment also proved to be a good choice because it allowed calculations to be
performed in a conceptually straightforward manner, i.e. on a cell-by-cell basis. While
the analysis was conceptually simple, in reality it required a surprising number of
individual operations. Saving all algorithms as Arc Macro Language (AML) files proved
to be an excellent means of keeping an exact record of the steps taken to complete
different parts of the analysis. This proved to be extremely useful when conducting
sensitivity tests or when refining the routines. As well, the A M L files will facilitate
future refinement of the models or future iterations incorporating new information or
reflecting future scenarios.

One disadvantage of using a raster environment is the typically large size of the files.
Arc/Info software did a fine job of handling these large files when performing
computations. However, the task of backing up data and moving files around was at
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times onerous. The numerous files generated by the analysis required in the order of one
gigabyte of storage capacity.

5.1.6

Use of Orthophotos

Perhaps a small point, but worth mentioning nonetheless, was the value of black and
white ortho-rectified air photos. I was fortunate enough to have access to a complete
1:20,000 orthophoto coverage of the study area both in paper and digital format, provided
to me by the B.C Forest Service and Parks Canada, respectively. These proved to be
extremely useful for a number of reasons:
•

They were georeferenced and free of distortion, two tremendous advantages over
regular air photos.

•

They constituted an excellent base map. I used them to develop the forage vs. cover
area with a high level of accuracy. In digital form, they proved to be a very powerful
tool for verifying data from other digital layers. Arc/Info allows the user to display a
digital orthophoto as a background image while viewing or editing a coverage.

•

The orthophotos greatly facilitated the recording of information acquired through key
informant interviews. Even key informants with limited map reading skills were able
to easily pick out features on the orthophoto, allowing for accurate location of
observational data.

5.2

DATA QUALITY

5.2.1

Introduction

In a GIS-assisted analysis, the accuracy of the final output is largely dependent on that of
the data used as input. Moreover, all data sets contain inherent errors and assumptions.
In light of these limitations, I deemed it appropriate to provide the reader with an
assessment of the quality of the data used in the present analysis. Tables 5-1 to 5-3
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provide a summary of this assessment while in Sections 5.2.2 to 5.2.5 I discuss, in more
detail, selected layers of information.

Table 5-1: Quality assessment of the data layers used in the elk model

Data Layer

Fig. No.

Quality
Rating

Comments

Habitat Suitability

A8-1

Fair

•
•
•

Lack of explicit species-habitat model
(subjective ratings).
High level of manipulation required to
incorporate data into GIS environment.
Lack of seasonal specificity.

Distance from Edge

A8-3

Good

•

Based on forage vs. cover map, which
was verified in the field.

Human Disturbance

A8-4

Moderate

•

Human use information detailed and
accurate.
Lack of empirical data to base ZOI and
DCs.

•

Slope

A8-6

Good

•
•
•

D E M provided a consistent means of
determining slope.
Possible underestimation of slope.
Field verification would enhance
reliability.

Riparian Areas

A8-7

Moderate

•
•

Location of streams accurate.
Riparian buffer width and coefficients
subjectively determined.

Visual Cover

A8-8

Good

•

Based on forage vs. cover map, which
was verified in the field.
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Table 5-2: Quality assessment of the data layers used in the bighorn sheep model

Data Layer

Fig. No.

Quality
Rating

Comments

Habitat Suitability

A8-10

Fair

•
•
•

Lack of explicit species-habitat model
(subjective ratings).
High level of manipulation required to
incorporate data into GIS environment.
Lack of seasonal specificity.

Human Disturbance

A8-11

Good

•
•

Detailed and accurate human use data
Lack of empirical evidence on which to
base ZOIs and DCs.

Distance
from
Escape Terrain

A8-12

Moderate

•
•

Escape terrain defined by slope only.
Other habitat attributes such as cover
type (e.g. broken or rocky terrain) that
could also contribute to adequate escape
terrain were not accounted for.

Visibility

A8-13

Good

•

Based on forage vs. cover map, which
was verified in the field.
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Table 5-3: Quality assessment of the data layers used in the grizzly bear model

Data Layers

Fig. No.

Quality
Rating

Comments

Security Areas

A8-15

Moderate/
Good

•

Poor resolution due to initial mapping at
1:50,000 scale (See Gibeau et al. 1996).

Visual Cover

A8-16

Good

•

Based on forage vs. cover map, which
was verified in the field.

Access Route
Density

A8-17

Good

•

Linear disturbance features accurately
defined in study area.

Human Features

A8-18

Good

•

Human use features accurately identified
within study area.

Riparian Areas

A8-19

•
•

Riparian corridor reliable.
Other non-streamside riparian ecosites
not accounted for. However, due to
steep topography, most riparian areas
are believed to be associated with
watercourses.

Slope

A8-21

•

D E M provided a consistent means of
determining slope.
Possible underestimation of slope.
Field verification would enhance
reliability.

Good

•
•

5.2.2

Habitat Suitability for Elk and Sheep

The habitat suitability ratings for elk and sheep were primarily derived from the T E M
data set. Although some suitability ratings were available for K N P through the
Ecological Land Classification data set, these ratings covered less than half of the study
area. As well, the E L C mapping was conducted at a scale of 1:50,000, providing
considerably less detail than what was required for this analysis. In contrast, the T E M
data set offered the advantage of covering almost the entire study area and was collected
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at a more appropriate scale of 1:20,000. However, this data set had several significant
weaknesses, which are outlined below:
•

Attributes not spatially referenced. Attributes contained within the data set were
organized according to non-spatially referenced ecosite descriptors rather than
assigned to spatially defined polygons. Many hours of work were required to sort
through the elaborate system of codes and legends and attempt to render the data
spatially explicit. There is little doubt that such heavy manipulation of the data
resulted in some loss of accuracy.

•

Lack of seasonal specificity. Habitat suitability ratings were not assigned on a
seasonal basis but rather, on a carrying capacity basis. As a result, winter range
habitats, which generally support higher densities of elk, were systematically assigned
higher ratings than summer habitats. This system made it difficult to differentiate
between high and low quality habitats for a given season. As well, comparing winter
and summer habitat is somewhat analogous to comparing apples and oranges. In
order to overcome these shortcomings and produce separate maps for summer and
winter suitability, it was necessary to resort to more manipulations of the T E M data
set.

•

Subjective rating system. Current standards for wildlife habitat ratings (B.C. Min. of
Env. Lands and Parks 1998b) require the researcher to explicitly document the
decision rules of the species-habitat model used in determining habitat suitability
ratings for Terrestrial Ecosystem Mapping (TEM) projects. This is viewed as
necessary to ensure that the ratings - and the species habitat model - can be assessed,
defended and replicated by other researchers. Habitat-species models are absent from
the Stoddart Creek T E M data set since it was produced according to 1995 standards,
which did not require explicit models.

5.2.3

Forage v s . Cover Map

The accuracy of the forage vs. cover map was important to the present analysis. Indeed,
this map formed the basis for several layers used in the models including the "distance
from edge" and "security" layers for elk, the "visibility" layer for sheep and the "visual
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cover" layer for grizzly. It also had a bearing on the human disturbance layer for elk
since in the elk model, zones of influence and coefficients associated with to human
disturbance features were different for cover versus non-cover areas.

The forage vs. cover map was completed through the interpretation of 1:20,000 black and
white orthophotos followed by two days of verification in the field. Ground truthing
revealed that the initial orthophoto-based classification was very accurate in highland
areas where closed forest cover types dorninate the landscape and are easily
distinguishable from more open cover types such as grasslands and alpine meadows.
Orthophoto interpretation of the wetlands proved much less satisfactory due to the fact
that open water, which often appeared dark grey or black, was easily mistaken for
forested areas. Some ambiguity also existed in open canopied forests such as those
resulting from Christmas tree farming, which are quite common on the benchlands.
Because of their open structure, these areas proved to be very close to the 90%, 60 m
definition of hiding cover provided by Thomas et al. (1979 - see Section 2.1.3.1.2). In
such cases, classification as either forage or cover was difficult.

In spite of the difficulties outlined above, it is believed that most inconsistencies were
corrected as a result of the field verification and consequently, the accuracy of the forage
vs. cover map was rated as high.

5.2.4

Human Use

The accuracy of the human use data used in this analysis is also considered to be high.
Direct observations made either at the trailheads or while servicing the counters revealed
that the counters were reliably and accurately counting parties of hikers. Ideally, this
calibration exercise should have been more extensive but was limited by a lack of
manpower. As well, the sample sizes taken during these observation periods were very
small due to the fact that most trails or roads received low levels of use.

Automatic counters were not available for all the roads and trails and were only available
for the June to October monitoring period. As a result, it was necessary to rely on
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estimates from key informants. Key informants were asked to provide estimates of all
linear human use features including the ones being monitored. I was able to collect at
least two and often more estimates for each feature, for each of the seasons. Generally
speaking, I found a high degree of consistency among the estimates provided by different
key informants and very good correlation between these estimates and the data generated
by the automatic counters. These results suggest that key informants can be a reliable
source of information regarding use levels on roads and trails.

5.2.5

Slope

Much like the forage vs. cover map, slope played an integral part in each of three models.
Slope was derived from a 1:20,000 scale digital elevation model (DEM) provided by B.C.
T R I M data. For elk and grizzly bear, the slope layer was used to determine paths of least
topographic resistance. For sheep, this layer was used to identify escape terrain.

Herrero and Jevons (2000) used a 1:50,000 scale D E M to derive a slope layer used in an
assessment of corridor functionality in the Canmore area. In their study, ground truthing
revealed that the D E M underestimated the angle of slope although the authors did not
specify the extent of this underestimation. Whether the 1:20,000 derived slope layer used
in the present study also underestimated slope is not known. An underestimation of slope
would result in higher slope coefficients for elk and grizzly bear, which would positively
affect corridor values for these species. In the case of sheep, the effect would be to
underestimate the amount of escape terrain (defined as slopes > 80%) found in the study
area.

Because slope is an important component of all three models, it would be advisable, in
subsequent research efforts, to subject this layer to field verification. This would allow
for an assessment of the accuracy of the DEM-derived values and the determination of a
correction factor, if required.
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5.3

THE MODELS

In this section I discuss and critique various aspects of the model-building process
undertaken for the present analysis. I begin with a discussion of the overall modeling
approach as well as of various considerations that were critical in building the models.
Then, I discuss the underlying assumptions inherent to each model.

5.3.1

Overall Modeling A p p r o a c h

In general terms, the approach followed in the development of each of the models
consisted of four basic steps:
1. Assessing inherent habitat quality across the study area (habitat routine)
2.

Accounting for the effects of human disturbance (disturbance routine)

3. Accounting for how animals move across the landscape (movement routine)
4. Identifying potential linkages for each species (combination of habitat,
disturbance and movement routines)

This approach incorporated aspects of habitat suitability and habitat effectiveness models.
The addition of a movement routine represented a new step in corridor modeling. The
movement routine for each species was itself structured much like a habitat suitability
model. However, instead of quantifying the value of various landscape features in terms
of their capacity to provide habitat for a given species, it quantified these features in
terms of their capacity to support the movements of the species in question. The final
output of each model can be likened to a permeability layer, in which higher corridor
values correspond to areas more permeable to the movements of wildlife.

This approach fell short, however, of incorporating "least-cost path" analysis, such as was
conducted by Callaghan et al. (1998), Singleton and Lehmkhul (1999) as well as Walker
and Craighead (1997). Least-cost path analysis compares the relative cost of traveling
between two points in terms of such factors as distance, habitat suitability and
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impediments to movement (see Section 2.4.6.5.2). Least-cost path analysis was not
deemed appropriate for the present study because origin and destination points were not
well defined. In fact, the focus of the present study was not to determine the best corridor
connecting a specific origin to a specific destination but rather, to delineate a network of
potential corridors throughout the landscape. Least-cost path analysis would require the
identification of all habitat patches between which intra- and inter-range movements
would likely occur. Such an exercise, which would ideally be conducted at multiple
scales, was beyond the scope of the study but may represent an interesting direction for
future research.

Another interesting direction for modeling corridors might be the integration of
connectivity metrics such as area-weighted flux (F) and traversability (T), which were
employed by Bunn et al. (2000; see Section 2.4.6.5.3). F measures a habitat patch's
influence on a landscape-level metapopulation while T is viewed as a proxy for
spreading-of-risk or long-distance rescue. A major strength of Bunn et al.'s (2000) graphtheory approach is that it allowed for the assessment of the importance of individual
habitat patches to the overall connectivity of an area. Such an exercise can be very useful
for informing land-use decisions. Bunn et al.'s approach also contained limitations,
however, compared to the present study. For example, it depicted the landscape in a
binary form as either habitat or non-habitat, which likely represents a gross simplification
of how animals perceive the landscape. As well, their approach did not take into
consideration the effects of human activity on habitat use or movements by wildlife. A n
interesting direction for future research might be the integration of the strengths of Bunn's
et al.'s approach (i.e., the use of landscape connectivity metrics) and that of the present
approach (i.e., more in-depth integration of ecological information in terms of habitat use
and choice of travel corridors as well as the consideration of human disturbance factors).

The current modeling approach has some application in the context of cumulative effects
assessment (CEA), which was described in Section 2.4.6.3. Mattson and Knight (1991,
as cited in Gibeau 1998) stated that a C E A for grizzly bears has four basic components:
(1) a detailed habitat description and capability analysis; (2) comprehensive accounting
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of all current and proposed human activities and developments; (3) establishment of
population threshold levels; and (4) population viability analysis. These components do
not, however, address the question of connectivity either at the intra- or inter-range scale.
The present analysis represents an attempt to address the connectivity issue and can
possibly be regarded as a fifth component of a C E A geared toward fully understanding of
the cumulative effects of human activities on wildlife populations in the greater Radium
landscape. It should be noted that the first four C E A components listed above have not,
as of yet, been fully addressed in the Radium area, representing perhaps another direction
for future research.

5.3.2

Choice of Variables

The choice of variables used in the models was based primarily on information on habitat
use contained in the literature. Such an approach has its limitations. For example, while
I was able to locate a considerable amount of information on each of the focal species,
very little of this information was specific to the present study area. This concern was
addressed, to some degree, by limiting the literature review portion of this project to
empirical studies conducted in western North America and, to the extent possible, in
areas with similar environmental conditions as the Radium area.

Another problematic issue in the choice of variables was the near absence of empirically
derived information pertaining specifically to the actual movements of each of the focal
species. Most of the studies I reviewed focused on habitat selection (i.e., use vs.
availability), home range size, or behavioural and physiological responses of wildlife to
human-related disturbances. The choice of travel lanes by wildlife has not received much
attention to date and remains poorly understood. For example, researchers only began in
1999 to monitor the movements of grizzly bears in the Canadian Rocky Mountains using
GPS collars, which are specially designed to provide locations at frequent intervals (S.
Herrero, pers. comm. November 2000). In light of the dearth of information on wildlife
movements, it became necessary to make the assumption that variables believed to affect
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habitat selection also govern the choice of travel routes. This assumption does not
necessarily hold true, however. For example, it is quite feasible that wildlife will travel
through areas of unsuitable habitat in order to reach a patch of suitable habitat, given the
motivation to do so. This situation has been observed by several authors in the case of
bighorn sheep (Section 2.2.4.4).

The choice of variables was also dictated, to some degree, by the availability of data for
the study area. For example, it was not possible to incorporate seasonal habitat suitability
into the grizzly bear model because of the lack of required data across the study area.
While habitat suitability information for grizzly bear existed, it was restricted to the limits
of KNP, and thus, was inadequate for the purposes of the present study. This example
highlights the importance of collecting data based on ecological, rather than
jurisdictional, boundaries.

5.3.3

Quantification of Variables

There is little doubt that the variables selected for incorporation into the models affect, at
least to some degree, the movements of the selected focal species. Whether these
variables affect movements in a positive or negative manner is also reasonably well
understood (for example, one can safely assume that, all else being equal, elk will prefer
a topographically gentle travel route to one that is very steep and energetically more
costly). However, current understanding of the extent to which the identified variables
affect movements is still in its infancy. In particular, there is a lack of empirical evidence
defining tolerance thresholds, not only for human disturbance but also for naturally
occurring landscape factors such as steepness of slope. For example, most studies
suggest that elk use drops significantly on slopes greater than 60%. However, the point
at which steep slopes become an effective barrier to movement is not well understood.
The determination of such thresholds would require more empirical research.
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In assigning coefficients, I had to consider the extent to which a variable could act as a
constraint in terms of movement. In essence, those variables believed to potentially act
as a limiting factor to movements were assigned a score within a range of 0 to 1 (e.g.
slope for elk, distance from escape terrain for sheep). Other factors, believed to enhance
the corridor value but not necessarily act as a limiting factor or absolute constraint were
assigned higher coefficients. For example, in the elk model, riparian and non-riparian
areas were assigned coefficients of 1.0 and 0.75, respectively, reflecting the belief that
riparian corridors represent a favourable, yet not necessary, condition for elk movements.

The 0-1 rating scheme used throughout the models proved to be very useful in addressing
the issues outline above. This scheme was also used by Bighorn (1996) and Gibeau
(1998). In contrast, in the Linkage Zone Prediction model (Servheen and Sandstrom
1993, Apps 1997, Kansas and Collister 1999) each variable is each rated according to a
different scale. For example, density and nature of developed human sites are rated from
2 to 6, access route density is rated from 2 to 5 and the presence or absence of a riparian
zone rated from 1 to 2. I found that a more uniform 0-1 scheme made it easier to
compare coefficients and subsequently, understand their contribution to the final model
output when combined with other variables.

5.3.4

Mathematical Relationship A m o n g Variables

Cooperrider (1986) wrote that the precision, accuracy and usefulness of habitat models
depend largely on two things: (1) the selection of appropriate habitat components for use
and (2) the process of linking these variables together in a meaningful way. According to
Cooperrider, habitat components can be combined in unlimited ways using various
weighting factors and mathematical functions.

Because of the myriad of possibilities, relating the different variables mathematically
proved to be one of the greatest challenges in the development of each model. Two
important considerations needed to be addressed when accomplishing this task:
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1) Weighting: Are certain variables more important determinants of travel routes
than others or do all variables play an equal role?
2) Compensation: To what degree do high scores compensate for low scores? Do
some variables act as limiting factors or absolute constraints that cannot be
compensated for by other variables?

In comparing different ways of weighting variables, Cooperrider (1986) noted that a
simple additive model could be used if all variables are deemed to be equally important.
Alternatively, if the modeler determines that one variable is more important than the
others, then a weighted additive model can be used. A multiplicative or limiting factor
model may be more appropriate when one or more variables are believed to be a limiting
factor.

In the present study, variables were weighted differently according to their perceived
importance in affecting movements. Indeed, in a multiplicative model, the greater the
range of values assigned to a variable, the greater its ability to affect the overall score and
thus, the greater the effective weighting of that variable. For example, the riparian
variable in the elk model was assigned a value of either 0.75 or 1.0. This scoring scheme
implied a low weighting of this variable (i.e., low ability of this variable to affect the
overall score). In contrast, the slope variable in the elk model received scores of 0 to 1.0,
which enabled this variable to greatly affect the overall score and even, in the case of a
very low score, act as a limiting factor or absolute constraint. Hence, the slope variable
was effectively weighted more heavily.

In terms of compensation, Wisdom et al. (1986) stated that the arithmetic mean is used
when high scores fully compensate low scores. In contrast, the geometric mean is used
when high values only partially compensate the effect of low scores. The use of simple
multiplication leads to a compounding effect of low values with no compensation by
higher values.
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In the case of the present study, I determined that low scores should act as limiting
factors or constraints in terms of movement and therefore the use of a simple addition or
the arithmetic mean was eliminated. In tests run for each model, the variables were
combined using both the geometric mean and multiplication and the results compared.
This comparison revealed that the use of geometric mean vs. multiplication did not
significantly affect relative corridor values (i.e., in both cases the most probable travel
routes were the same) but did change absolute values (multiplication often yielded lower
values than the geometric mean). As well, it was found that simple multiplication led to a
greater range of corridor values and hence, a corridor value map with sharper contrasts
between areas of high corridor value and low corridor values. Because it allowed for a
sharper representation of potential corridors, simple multiplication was adopted for the
combination of most model variables.

5.3.5

Model Assumptions

One of the most significant limitations of any model is that it is often on based several often untested - assumptions. In Section 5.3.5.1,1 begin by discussing general
assumptions of relevance to more than one model. Then, in Section 5.3.5.2,1 consider
assumptions that were specific to individual models.

5.3.5.1 General Assumptions

In Section 3.2.1,1 listed six major assumptions of the modeling approach adopted for the
analysis. Below I discuss in more detail each of these assumptions and comment on the
limitations associated with them.

The first assumption, which formed the basis of the habitat routine of the elk and sheep
models, was that wildlife choose to travel through areas of suitable, rather than
unsuitable, habitat. This assumption is not unique to the present study. Callaghan et al.
(1998) made the same assumption in their friction model used for predicting travel
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corridors for wolves within the Golden Canyon in British Columbia. Walker and
Craighead (1997) also assumed that good corridors are comprised primarily of preferred
habitat types in their least-cost path analysis aimed at delineating corridors for grizzly
bear, elk and cougar in the U.S. Rocky Mountains. Their assumption was based on the
belief that preferred habitats offer a greater probability of at least short-term survival,
given that an animal is more likely to be able to find adequate food and shelter therein.
However, Walker and Craighead recognized that it is possible for an animal to pass
through unsuitable habitat for a short period without significant harm. This represents
one the main limitations of the suitable habitat assumption.

The second general assumption was that existing habitat data sets accurately represented
seasonal habitat suitability within the study area for each species. This assumption,
which was of relevance to the elk and sheep models, proved to be problematic due to the
questionable quality of the habitat suitability data available for this project. This issue
was discussed previously in Section 5.2.2.

The third major assumption was that human disturbance, in the form of development,
transportation corridors and activities, impedes wildlife movements. There is a
substantial body of evidence to support this assumption. Some studies have shown that
human activity leads to reduced habitat effectiveness whereby animals tend to underuse
or abandon habitats with high levels of human activity (e.g. Purves et al. 1992, Paquet et
al. 1996, Czech 1991, Edge et al. 1985, Gibeau et al. 1996, Hayden 1975, Kasworm and
Manley 1990, Lyon 1983) while others have demonstrated the effects of transportation
corridors and developed areas as physical or psychological barriers to movement or as
sources mortality (Bertwistle 1999, Austin 1998, Clevenger 1999, Paquet et al. 1996).
While the assumption that human activity impedes wildlife movements is a robust one, it
also presents some limitations. For example, current understanding as to the degree of
habitat alienation or barrier effect caused by various forms of human disturbance is still
incomplete. Tolerance thresholds are also lacking for most species (Paquet et al. 1994).
The lack of information regarding thresholds made the task of assigning zones of
influence and disturbance coefficients an arduous one.
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The fourth major assumption was that wildlife movements tend to occur along paths that
are energetically efficient. This assumption formed the premise for the slope layers used
in the elk and grizzly bear models. Although this assumption makes sense intuitively and
several authors have made comments in support of it (see Sections 2.1.4.4 and 2.3.3) it
has not been empirically tested. As well, the degree to which steep topography acts as a
barrier to movement is not well understood. According to the B C E A G (1999a)
guidelines for corridor design, slopes greater than 47% are inadequate for corridor
function. This document specifies that this figure was derived from a ten-year wolf
location database from the Central Rockies and wildlife corridor studies in Banff
National Park. It is feasible, however, that animals will cross areas of steep terrain if they
are highly motivated to do so or if easier routes are blocked by human-related
impediments (refer to Section 2.1.4.5).

The fifth major assumption was that empirical data collected in other areas could be
applied to the present study. For the purposes of the present study, this assumption
implied that individuals of elk, bighorn sheep and grizzly populations located within the
study area select habitat and travel routes and react to humans in the same way as their
counterparts living outside the Radium study area. Limiting the literature review to
studies conducted in western North America was an attempt at ensuring at least some
validity to this assumption. However, the fact that this very fundamental assumption is
largely unvalidated represents a serious limitation of the present study.

The sixth major assumption was that all cohorts of a species have similar movement
patterns and use the same criteria in the choice of travel routes. This assumption is
generally known not to be true, however. For example, sexual segregation in ungulates is
common. In the case of bighorn sheep, rams and ewes have different biological
requirements, a situation that leads to differences in foraging strategies and the use of
different ranges during much of the year (Main et al. 1996). Such differences almost
certainly imply distinct movement patterns for rams and ewes. For instance, rams tend to
travel more extensively and use habitats that are often less secure (i.e., farther away from
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escape terrain and providing less visibility) than ewes and juveniles (Section 2.2.3.2.1
and B. MacCallum, pers. comm. May 1999). This implies more numerous, perhaps less
heavily used, movement corridors for rams whereas ewes likely restrict their movements
to more secure, established corridors. The present models do not account for potential
differences in the movement patterns of males and females. Future refinement of these
models might consider the use of different criteria for inter-range vs. intra-range corridors
(the former being used primarily by dispersing sub-adult males) as well as other
differences in corridor selection and movement patterns by different cohorts.

5.3.5.2 Model-Specific Assumptions
5.3.5.2.1

Elk Model

The elk model is composed of three routines; each one based on a major assumption.
Within each routine are distinct layers, which are also based on assumptions. Table 5-4
summarizes the underlying assumptions inherent to each routine or layer of the elk
model. As well, since assumptions are in essence testable hypotheses, means of
validating each assumption are also provided. Model validation is discussed more
thoroughly in Section 5.3.6 below.
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Table 5-4: Underlying assumptions of the elk model.
Routine or Layer

Assumptions

Comments

Validation

Habitat Routine

•

Elk select areas of suitable habitat for
their movements.

•

It is possible that elk select routes of
unsuitable habitat in order to move from
one habitat patch to another.

•

Determine empirically the correlation
between habitat suitability and choice
of movement corridors.

Habitat Suitability
Layer

•

Existing habitat data sets accurately
represent seasonal habitat suitability
within the study area for elk.

•

Habitat suitability data is of
questionable quality (see Section 5.2.2).

•

Use radiotelemetry or pellet counts to
conduct, on a seasonal basis, use vs.
availability analysis.
From these data, develop an
empirically based habitat suitability
model.
Use this model to map seasonal habitat
suitability across the study area.

•

•

Distance from
Edge Layer

•

Elk prefer to travel through areas that
offer a mix of forested and open cover
types.

•

•

Morgantini (1988) observed that elk
used the transitional zone between
communities when going from one
habitat to another.
Although it has been demonstrated
empirically that elk use decreases with
distance from edge (see studies cited in
Wisdom et al. 1980), more testing is
required to prove that this is also true
for elk movements.
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•

Determine, using empirical data, the
correlation between distance from edge
and movements.

Table 5-4: Underlying assumptions of the elk model (cont'd).
Routine or Layer
Human
Disturbance
Layer/Routine

Assumptions
•
•

Human disturbance acts as an
impediment to elk movements
Alienation increases with increasing
level of human activity.

Comments
•

•

Movement
Routine

Slope Layer

•

•

Landscape characteristics other than
habitat suitability influence the
selection of travel routes.

•

Elk prefer to travel along paths of least
topographic resistance.

•

•

•

•

Validation

There is an abundance of empirical data
supporting the notion that elk avoid
areas impacted by humans and their
activities and that human-related
obstacles often impede the movements
of elk (see Sections 2.1.4.5 and 2.1.5)
There is a lack of specific data
describing disturbance thresholds, zones
of influence and disturbance
coefficients.

•

Empirically test correlation between
human use and elk movements.
Testing should take into account
distance from disturbance, type of
disturbance (i.e. motorized, nonmotorized, point, dispersed, linear,
etc.) and activity level.

This is a basic assumption that
intuitively makes sense.
Non-spatial factors, such as learned
behaviours or motivation, may also
affect movements (see Section 2.1.4.4
and 5.1.1)
Several studies and common sense
suggest this is true (see Section 2.1.4.4).
Steepness thresholds are not well
understood. The B C E A G (1999)
suggests a figure of 47% based largely
on wolf data. This figure would need to
be verified for elk.
A number of studies have described
habitat selection by elk in relation to
slope. However, these data are not
necessarily applicable to movement
corridors.

•

Determine, using empirical data, the
correlation between elk movements
and landscape variables such as slope,
riparian habitats and visual cover.

•

Determine, using empirical data, the
correlation between elk movements
and slope.
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Table 5-4: Underlying assumptions of the elk model (cont'd).
Routine or Layer
Riparian Layer

Security Layer

Assumptions
•

•

•

Comments

Riparian corridors, because they offer
energy efficient travel routes and an
abundance of forage, water and cover,
are conducive to the movements of
elk.

•
•

Elk prefer to travel through areas that
offer adequate security in the form of
visual cover.
Visual cover in the study area is
provided primarily by closed canopy
forest cover types.

•

•

•

Validation

Basic assumption that makes sense.
Several studies suggest this is true (see
Section 2.1.4.4).
Assumption could be subjected to more
rigorous testing.

•

Determine, using empirical data, the
correlation between elk movements
and riparian habitats.

Assumption is based more on intuitive
sense than empirical evidence (see
Section 2.1.4.4).
Other features or cover types may also
provide visual cover but have been
largely unaccounted for (e.g. tall shrub
communities, rugged or broken terrain).

•

Determine, using empirical data, the
correlation between elk movements
and visual cover.
Inventory visual cover within study
area and assess characteristics. A
method for assessing visual cover was
provided in B C E A G (1999a).
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•

5.3.5.2.2

Bighorn Sheep Model

The sheep model is structured similarly to the elk model with the exception that different
variables were used to account for species-specific habitat requirements. The underlying
assumptions of the sheep model have been tabulated in Table 5-5. As for elk, comments
regarding these assumptions as well as means of validating them are also provided.
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Table 5-5: Underlying assumptions of the bighorn sheep model.
Routine or Layer
Habitat
Layer/Routine

Assumptions
•

•

Human Disturbance
Layer/Routine

•
•

Movement Routine

•

Existing habitat data sets accurately
represent seasonal habitat suitability
within the study area for bighorn
sheep
Sheep select areas of suitable habitat
for their movements

Human disturbance acts as an
impediment to sheep movements
Predictability plays an important role
in determining the level of
disturbance for sheep (higher
predictability means less disturbance).

Sheep select travel lanes that offer
adequate security.

Comments
•
•

•

•

•
•

Tests

Habitat suitability data used in analysis
of questionable quality.
Several authors have observed that
sheep will travel through areas of
unsuitable terrain in order to access
important ranges (see Section 2.2.4.4).

•

Several studies suggest that human
disturbance features can act as partial
or complete barriers to movement (See
Section 2.2.4.6)
Evidence suggests that sheep may be
more tolerant of disturbances that
occur in predictable locations, under
predictable circumstances.

•

Empirically test correlation between
human use and sheep movements.
Testing should take into account
distance from disturbance, type of
disturbance (i.e. motorized, nonmotorized, point, dispersed, linear,
etc.), activity level and degree of
predictability.

A limited number of studies suggest
this is true (see Section 2.2.4.4)
This assumption needs to be tested
more rigorously.

•

Determine empirically the correlation
between proximity to escape terrain
and visibility and sheep movement.

228

•
•

Develop an empirically based habitat
model.
Map seasonal habitat suitability based
on species-habitat model.
Empirically test the correlation
between habitat suitability and choice
of travel routes by sheep.

Table 5-5: Underlying assumptions of the bighorn sheep model (cont'd).
Routine or Layer
Escape Terrain Layer

Assumptions
•
•

Sheep prefer to travel in areas that
offer adequate escape terrain.
Escape terrain is always characterized
by slopes > 80%.

Comments
•

•

•

•

Visibility Layer

•

Visibility, because of its role in the
predator-avoidance strategy of
bighorn sheep, is an important
determinant of the selection of
movement routes by sheep.

•
•

Studies suggest that sheep will use
areas in proximity to escape terrain for
their seasonal migrations (see Section
2.2.4.4).
There may be confounding factors
such as the presence of lambing
grounds for ewes or snow
accumulation considerations (see
Section 2.2.4.4)
Landscape features other than slopes
>80% may provide escape terrain for
sheep.
High visibility may compensate for
sub-optimal escape terrain.
Measures of visibility poorly defined
(see Section 2.2.3.3.2).
Limited empirical data linking
visibility to travel routes (see Section
2.2.4.4).
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Tests
•
•

•
•

Inventory escape terrain within study
area and assess characteristics.
Determine empirically the correlation
between proximity to escape terrain
and sheep movements.

Define a rating scheme to measure
visibility.
Determine empirically the correlation
between various levels of visibility and
sheep movements.

5.3.5.2.3

Grizzly Bear Model

The grizzly bear model is structured somewhat differently than the elk and bighorn sheep
models due to the unavailability of habitat suitability information across the study area as
well as the pre-existence of grizzly bears models developed specifically for the Rocky
Mountains and relevant to the identification of movement corridors. Underlying
assumptions of the grizzly bear model are summarized in Table 5-6.
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Table 5-6: Underlying assumptions of the grizzly bear model.
Layer or Routine

Assumptions

Comments

Validation

Security Routine

•

Areas secure from encounters with
humans foster wary behaviour in
grizzly bears and thus, enhance the
chance of survival.

•

A comprehensive study of grizzly
bear mortality in the Central
Rockies Ecosystem has shown that
most grizzly bears die in proximity
to roads or centres of human activity
(Benn 1998).

•

Determine empirically the
correlation between core security
areas and grizzly bear mortality.

Linkage Zone Prediction
Routine

•

The most critical factor
determining grizzly bear presence
and movement patterns is human
activity (Servheen and Sandstrom
1993).

•

Research has shown that this
assumption is generally not valid,
except in the case of extreme human
activity (Section 2.4.6.5.1).
A l l time budget studies of grizzly
bears suggest they spend 80-90% of
their time in or nearby foraging
areas (Section 2.4.6.5.1).

•

Determine empirically the
correlation between proximity to
areas of human activity and grizzly
bear movements.

•

Visual Cover Layer

•

Visual cover does not influence
habitat use by bears beyond 500 m
of roads.

•

Benn (1998) demonstrated that
human-caused mortality risk is
much less beyond 500 m from
roads.

•

Determine empirically the
correlation between travel routes
used by grizzly bears and presence
of visual cover. Consider distance to
roads in this analysis.

Riparian Layer

•

Bear movements are more likely to
be associated with areas, such as
riparian zones, which support
higher concentrations of bear
foods.

•

Several authors have noted the use
of riparian corridors for grizzly bear
movements.
This assumption has not been
rigorously tested.

•

Determine empirically the
correlation between travel routes and
riparian areas.

•
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Table 5-6: Underlying assumptions of the grizzly bear model (cont'd).
Layer or Routine
Access Route Density
Layer

Assumptions
•

•
Human Features Layer

•
•

Movement Routine (Slope
Layer)

•

Comments

Validation

Increased risk of mortality for
grizzly bear is associated with
higher road densities.
Bears avoid areas near roads.

•

Both assumptions are supported by
extensive empirical evidence (see
Benn 1998 and Section 2.3.4)

•

Determine empirically the
correlation between road density and
travel routes used by grizzly bears.

Grizzly bears avoid areas of high
human activity.
Areas of high human activity carry
a higher mortality risk for grizzly
bears.

•

Both assumptions are supported by
extensive empirical evidence (see
Section 2.3.4).

•

Determine empirically the
correlation between grizzly bear
movement corridors and areas of
human activity.

Grizzly bears tend to select routes
that are energetically efficient for
their movements.

•

Several authors have noted the use
of paths of least topographic
resistance for grizzly bear
movements.
This assumption has yet to be
rigorously tested.

•

Determine empirically the
correlation between slope and
grizzly bear movements.

•
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5.3.6

Model Validation

Schamberger and OTSfeil (1986) remarked that one of the first decisions in designing a
model test is to determine what part of the model to test. Indeed, hypotheses for model
testing can be formulated at any level within the model and may include test of
assumptions, variables, components, or overall output. Schamberger and C N e i l found
that commonly, HSI model tests deal strictly with model output, a situation that often
provides little information for improving model performance. Starfield (1997) went even
further by stating that validation becomes irrelevant if a model is constructed as an
experiment or viewed as a hypothesis or problem-solving tool. According to Starfield,
"instead of validating the model, we need to be concerned with the justification for the
assumptions, to make sure that the model is internally consistent, and to look for evidence
that we are using or interpreting the results in a sensible manner". Similarly,
Schamberger and C N e i l (1986) emphasized that model testing should not only provide
information about model performance and reliability but should also provide data that can
lead to model improvement for both the model tested and for similar models.

Application of these ideas to the present study implies that validation should not focus
solely on the final model output (i.e., corridor value) but on validating the internal
assumptions as well. Each of these assumptions, most of which were identified in the
preceding sections, can be regarded as a hypothesis worthy of being tested in its own
right. Assumptions least supported by empirical evidence or most critical to final model
output should receive the highest priority in terms of testing. While testing final outputs
would be a valuable exercise for validating the results of the present study, testing the
internal assumptions would provide much needed data that could lead to improvements to
the models.

Once the question "What part of the model to validate?" has been answered, the next
question is "How to validate?" Conroy (1993) remarked that validation is normally
conducted by means of independent observations; i.e., data not used in the construction of
the model or the estimation of model parametres. In other cases, when such data are not
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readily available, model results can be assessed against the knowledge of local residents
and biologists familiar with the study area and the occurrence of wildlife within it
(Holthausen et al. 1994, Cooperrider 1986, Apps 1997). However, this method has some
limitations, the most important of which has to do with observer bias. Generally
speaking, direct observations of wildlife tend to occur near roads, trails or developed
areas where humans spend most of their time. Fewer observations are made in more
remote areas in spite of the likelihood that wildlife use may in fact be greater in such
areas. Another limitation of this approach is that it is inadequate for testing internal
assumptions, which can only be achieved through rigorous, statistically valid empirical
testing.

While it is beyond the scope of the present project to elaborate on specific means of
testing model assumptions, some general comments can be made in this regard. Ideally,
empirical data should be collected within the study area or at very least in an area with
similar environmental conditions including topography, wildlife use, human activity,
land-use, etc. A variety of methods may be used to collect data on the movements of
wildlife, including: radio-telemetry, snow tracking, automatic cameras and, to a lesser
degree, pellet counts. Emphasis must be placed on assessing movement patterns relative
to the model variables. As such, standard habitat use vs. availability analysis is
inadequate. For example, radio-telemetry work must involve very frequent locations in
order to detect actual movements. Testing should include monitoring during all seasons
to capture seasonal migration patterns. Moreover, multi-year monitoring is essential to
account for year-to-year variations. Finally, cohort-specific data may be required.

5.4

R E S U L T S - C O R R I D O R S IN T H E RADIUM A R E A

5.4.1

Introduction

In this section, I briefly discuss the results of the study in terms of their significance and
implications for future studies and management actions. I begin, in Section 5.4.2, with
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some comments on the general results of the study and then, in Sections 5.4.3 to 5.4.5,
discuss the results of the individual models.

5.4.2 General Results of the Study

This study represents a first attempt at systematically mapping potential corridors in the
greater Radium area. While a great deal more work will be required to develop a full
understanding of wildlife movements in the Radium area, the study nonetheless yielded
some useful results. The major accomplishments of the present study can be summarized
as follows:
•

Identification of potential corridors for elk, bighorn sheep and grizzly bear based
on the systematic application of information from the literature and key informant
interviews through GIS-based modeling. The modeling method used constitutes
an initial "coarse filter" approach for identifying corridors.

•

Identification of gaps in the existing ecological database.

•

Identification of assumptions or testable hypotheses regarding factors believed to
affect the movements of wildlife, which can be viewed as directions for future
research.

•

Development of a framework through which corridors can be assessed, in terms
of their characteristics and, to a certain degree, their functionality.

•

Development of a tool (i.e., the models) for assessing the impacts of future
development proposals on this corridor network.

•

Development of preliminary recommendations aimed at preserving a functional
network of corridors throughout the greater Radium landscape.

It is clear, however, that despite these accomplishments our understanding of movement
corridors in the Radium area is still in its infancy. While this study brings us closer to
understanding how different elements of the landscape can affect the movements of
wildlife, it represents only the first of several steps in an iterative process geared toward a
more sophisticated understanding of wildlife corridors in the Radium area. Thus, the
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results of this project must not been seen as final and definitive but rather, as a starting
point, or launching pad, for future studies. Areas requiring further investigation include:
•

Monitoring of wildlife movements to determine the extent and nature of use of the
identified corridors.

•

Identification of local and regional habitat patches for each focal species. Such an
exercise would have to be conducted at multiple scales.

•

Determining, with more precision, the width of identified corridors. The lateral
boundaries of a corridor are often gradual and therefore difficult to delineate. More
detailed work conducted on a corridor-specific basis would be required to determine
the available width as well as minimum functional width of each corridor. The
minimum width of a corridor depends on its length, topography, human activities
within and adjacent to the corridor as well as the species using the corridor ( B C E A G
1999a). A general rule of thumb is: the wider the better.

•

Assessment of the functionality of identified corridors. Only general descriptions of
the potential corridors and their characteristics were provided by this study. The next
step would be to describe these corridors in more detail and to assess their
functionality as was done by Herrero and Jevons (2000) for corridors in the Southern
Canmore region. The guidelines put forth by the B C E A G (1999a) may provide
useful criteria for this exercise.

•

Design of site-specific mitigative measures and management plans using the general
recommendations offered herein as a starting point.

In the meantime, however, managers must not shy away from using and applying, within
reasonable limits, the results of the present study since these represent the "best available
information" on corridors in the Radium area. In particular, there is enough information
provided in this report to caution against making irreversible changes to the landscape
without a thorough accounting of the effects on wildlife movements and habitat
connectivity at both the local and regional scales.
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5.4.3

Corridors Derived from the Elk Model

5.4.3.1 Multi-Species Nature of Elk Corridors
Corridors derived from the elk model can generally be considered multi-species in nature
due to the fact that elk have relatively large home ranges, tend to use a variety of habitats
throughout the landscape and are sensitive to human presence and activities (see Section
3.1.2.1). Thus, corridors suitable for elk are probably also suitable for a range of other
species, particularly smaller or less sensitive ones.

5.4.3.2 Comparison of Model Results to Anecdotal Information and Personal
Observations
A good correlation was found between model results (i.e., corridor value maps - Fig. 4-3a
and 4-3b) and locational data compiled from key informant interviews and personal
observations. The model results revealed no major "surprises" in terms of potential
movement corridors. Moreover, I did not find any major omissions in the model results
i.e., no areas known to be used by elk received very low corridor values. However, the
lack of specificity of the anecdotal information (many key informants were only able to
identify general areas of high elk use, rather than specific locations or travel lanes)
precluded any firm conclusions regarding the validity of the results of the elk model.

5.4.4

Corridors derived from the Grizzly Bear Model

5.4.4.1 Multi-species Nature of Grizzly Bear Corridors
As in the case of elk, corridors derived from the grizzly bear model can be considered
multi-species in nature. Indeed, grizzly bears, with their extensive area requirements and
high sensitivity to humans, are an umbrella species in terms of mammalian movement
corridors. Basically, if a corridor is suitable for grizzly bear, it is likely suitable for a host
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of other species. Of course, this is not true of highly endemic species or species with
very specific habitat requirements.

5.4.4.2 Comparison of Model Results to Anecdotal Information and Personal
Observations

A relatively good correlation was found between model results (corridor value maps Fig. 4-5) and locational data compiled from key informant interviews and personal
observations. However, data on grizzly bear was sparse and thus, considered inadequate
for validating the results of the grizzly bear model.

5.4.5

Corridors derived from the Bighorn Sheep Model

5.4.5.1 Species-Specific Nature of Sheep Corridors

Sheep have very specialized habitat requirements and as such, cannot be considered an
umbrella species like elk or grizzly bear. Therefore, the corridors derived from the sheep
model are believed to be species-specific and probably not well tailored to a wide suite of
species.

5.4.5.2 Comparison of Model Results to Anecdotal Information and Personal
Observations

Comparison between the corridor value maps (Fig. 4-4a and 4-4b) and observational data
of sheep movements compiled from key informant interviews as well as personal
observations provided an informal means of validating the model's results. Generally
speaking, there was good correlation between the model output and observational data in
the greater Radium area. For example, corridor values were relatively high along the
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Brisco, Mt. Berland and Sinclair Corridors and observational data provide evidence of
sheep use along these corridors.

However, corridors within the immediate vicinity of the Radium townsite were not
represented on the corridor value maps despite the fact that sheep are regularly observed
in certain locations. A good example of this is along the section of Highway 95 south of
Radium known as "Mile Hill" which is located within the Radium-Stoddart Corridor.
There is clear evidence that this area receives heavy use by sheep during the winter
season and yet, it received only very low winter corridor values from the sheep model.
Inspection of the intermediate data layers generated by the model revealed that the low
corridor values were attributable to low scores on the "distance from escape terrain" layer
(Fig. A8-12). The high sheep use at this location is perhaps indicative that high visibility
can compensate for slopes that do not qualify as "escape terrain" as defined by the model
(i.e., slopes > 80%). This problem may be addressed in future iterations of the model in
one of two ways: (1) revisiting the definition of escape terrain, or (2) using the geometric
mean instead of multiplication to combine the "visibility" and "distance from escape
terrain layers". The latter would allow for low "distance from escape terrain"
coefficients to be compensated by high "visibility" scores.

5.5

5.5.1

INTEGRATION O F S T U D Y R E S U L T S INTO T H E L A N D - U S E PLANNING
PROCESS

Future Scenarios

Future scenarios, in terms of development, were not considered in the present project.
However, running future development scenarios would be a useful endeavour for
assessing the impacts of proposed development projects on identified wildlife corridors
and could constitute an important element of cumulative effects assessment (see Section
2.4.6.3). Running future development scenarios would require modifying the human use
layer to reflect proposed developments and rerunning the models. Since the algorithms
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used for running the models have been saved as A M L files, this would be relatively easy
to accomplish.

5.5.2

5.5.2.1

Habitat Connectivity and Regional Planning

Introduction

The modeling analysis undertaken as part of this study provided valuable insights into
movement corridors within the Radium area. However, the manner in which this
information is integrated into the land use decision-making process will determine the
ultimate success of this project. In this section, I briefly review examples of regional or
sub-regional multi-stakeholder initiatives aimed at integrating wildlife research and
management actions relating to land-use.

5.5.2.2

Bow Corridor Ecosystem Advisory Group

Much of the most intensive research on wildlife corridors in western Canada has taken
place in the Bow Valley Corridor in response to extreme development pressures exerted
on the town of Canmore, the increasing popularity of Banff and as tourism destination
and the twinning of the Trans-Canada Highway ( B C E A G 1999a and b, Clevenger 1999,
Duke 1999, Heuer 1995, Paquet et al. 1994, Stevens et al. 1996). The Bow Corridor is
recognized as a vital linkage between the core protected areas of Banff National Park and
the Kananaskis region (Alberta Energy/Forestry, Lands and Wildlife 1992). The case of
Canmore provides valuable insights into the process of integrating scientific knowledge
into a coordinated, multi-jurisdictional land management strategy.

In 1992 the Alberta Natural Resource Conservation Board (NRCB) held hearings to
determine the appropriateness of major developments proposed in the area (e.g. Three
Sisters Resort). In its hearings, the N R C B recognized the importance of ecosystem
management for the Bow Corridor and recommended the formation of a Bow Valley
Planning and Advisory Committee to "coordinate (current and future planning efforts)
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and provide advice to decision makers and the public" (NRCB Decision Report 1992, in
Herrero and Jevons 2000).

In 1995, the Bow Corridor Ecosystem Advisory Group (BCEAG) was created to
"facilitate the coordination of responses to environmental and resource issues in the Bow
Valley". Membership in this group included the Municipal District of Bighorn, Town of
Canmore, Banff National Park and the Alberta Provincial Government. Specific
objectives of this group are to (Herrero and Jevons 2000):
•

Facilitate inter-agency partnerships in managing environmental and resource
issues in (wildlife) corridors;

•

Ensure environmental and resource management initiatives in the corridors
are coordinated and integrated;

•

Facilitate a coordinated one-window approach on cross-agency issues; and

•

Provide information and advise to member agencies on resolving
environmental and resource management issues.

In 1998, a team of four B C E A G members developed a science-based framework, in the
form of guidelines, for the design and evaluation of wildlife corridors in the Bow Valley.
The primary objective of the guidelines was to ensure the viability of a system of wildlife
corridors linking habitat patches within the Bow Valley ( B C E A G 1999a).

While the concept of an ecosystem advisory group and the establishment of guidelines
for the preservation of wildlife corridors are excellent, the authors of the B C E A G study
concede that within their study area, wildlife corridors and habitat patches are,
essentially, a product of "what is left". Moreover, a recent study assessing the design and
functionality of wildlife movement corridors in the Southern Canmore region (Herrero
and Jevons 2000) revealed that identified corridors in this area generally did not meet the
design standards put forth by the B C E A G (1999a) and that some corridors were
essentially dysfunctional.
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The problem is that the B C E A G initiatives were put in place after most major
developments had already been approved, a situation which had foreclosed most
opportunities for effective planning of a regional network of corridors. Wildlife
movements are often restricted to relatively narrow corridors within a matrix of intense
residential, commercial, industrial and recreational development. In this sense, the
Canmore model does not represent a useful blueprint for a landscape that is only partially
developed, as is the case in the greater Radium area.

A more effective approach would have been to consider the needs of wildlife much
earlier in the planning process and develop guidelines that would have allowed for the
preservation of healthy movement corridors, while allowing for controlled development
in areas less critical to wildlife. This is still possible in the Radium area. However, if
large development projects are approved before a regional planning effort focusing on
wildlife has had an opportunity to get under way, the result will be another largely failed
attempt at preserving connectivity across a partially developed landscape.

5.5.2.3

Other Multi-stakeholder Wildlife Initiatives

Herrero and Herrero (1996b) reviewed three examples of regional scale, multistakeholder wildlife initiatives and provided insights into the strengths and limitations of
multi-stakeholder committees in general. The following information is summarized from
this review.

The Interagency Grizzly Bear Committee (IGBC) was formed in the early 1980s and
operates in the Yellowstone Ecosystem in the United States. This group is composed of
top-level wildlife managers and researchers from relevant state and federal agencies. Its
mandate includes research, management and public outreach responsibilities related to
recovering the threatened Yellowstone Ecosystem grizzly bear population. Such
responsibilities have included implementing the grizzly bear recovery plan and making
joint recommendations to the involved agencies. According to Herrero and Herrero
(1996b), the IGBC has been effective in linking research and management actions aimed
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at recovering grizzly bears. The development and implementation of the Yellowstone
Ecosystem Management Guidelines, which appear to form a substantive basis by which
grizzly bears will be maintained in the Yellowstone Ecosystem, represents one of the
most significant contributions of the IGBC.

The Northeast Region Standing Committee on Woodland Caribou (NERSC) was created
by the Alberta Government in 1991 in response to public concern about declining caribou
populations and increasing industrial development pressures in northern Alberta.
Membership on this committee includes representation from the oil and gas and forestry
industries and relevant government agencies. NERSC's primary goal is to integrate
caribou conservation and resource development. Specific objectives of the committee are
to:
•

identify issues, define problems and seek solutions related to resource
development and caribou conservation

•

recommend practical industrial operating guidelines to land users

•

develop practical, area-specific plans to conserve caribou and its
supporting ecosystem, while addressing the needs of industry

•

facilitate research and information on caribou and its relationship with
resource development

•

share information on wildlife, the environment and industry with land
users

•

foster cooperation between all committee members

According to Herrero and Herrero (1966b), the NERSC has been successful in fostering
research as well as communication, information sharing and cooperation among its
members. However, its lack of direct management authority can potentially impede its
ability to ensure the continued well-being of the regional caribou populations (Herrero
and Herrero 1996b).

The Eastern Slopes Grizzly Bear Steering Committee (ESGBSC) was formed in 1994 to
oversee research needed to define regional scale habitat and population status of grizzly
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bears and to assess the cumulative effects of human uses of the landscape on the bears.
The ESGBSC is composed of representatives of commercial, government, academic and
public groups concerned about the impacts of development on grizzly bears. Herrero and
Herrero (1996b) cited as the strengths of this committee its ability to serve as a forum for
diverse interests to discuss grizzly bear research, ecology and management, and the
influence of various human activities on grizzly bears. Another strength has been its
ability to raise funds for grizzly bear research. As in the case of the NERSC, the lack of
any management authority is seen as a potential limitation of the ESGBSC in effecting
conservation action on a regional scale.

Based on their review of the three regional wildlife initiatives described above, Herrero
and Herrero (1996b) concluded that multi-stakeholder committees are essential in
addressing conservation issues relating to wide-ranging large mammalian species,
especially in areas where human influences are significant and increasing. These authors
cited as the main benefit of such committees the creation of significant opportunities for
cooperation, exchange of ideas and information, multi-lateral funding and regional-scale
research. However, they recognized the lack of firm management authority as a potential
limitation of these committees.
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6

CONCLUSIONS

6.1

•

C O N S E R V A T I O N ISSUES IN T H E RADIUM HOT SPRINGS A R E A

Increasing recreational and residential development is causing habitat alteration, loss
and fragmentation. As well, sensory disturbances can cause wildlife to abandon
otherwise suitable habitat, a phenomenon referred to as habitat alienation. These
trends can jeopardize the persistence of wildlife species in the Radium area.

•

Transportation corridors impede the movements of wildlife and are a significant
cause of mortality, especially for bighorn sheep.

•

Land managers have tended to take too narrow a focus when assessing the impacts of
development on wildlife and natural systems. Such a piece-meal approach leads to
the incremental deterioration of landscapes and of the ecological processes and
components necessary for the maintenance of species diversity.

•

Although the Radium area boasts an impressive diversity of wildlife, there is no
guarantee that these species will persist in the long term if development is allowed to
proceed without regard for wildlife.

6.2

WILDLIFE S T A T U S A N D HABITAT U S E

6.2.1

•

General

The area around Radium is home to a significant diversity of large to mid-sized
mammalian species including grizzly bear, black bear, wolf, cougar, bobcat, badger,
coyote, mountain goat, bighorn sheep, moose, elk, white-tailed deer and mule deer.

•

A comprehensive literature review revealed very little documented information on
wildlife habitat use in the Radium area, especially outside of Kootenay National Park.
There is a clear lack of baseline information regarding wildlife populations and
habitat use in the area.
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•

The Columbia River Valley, including its associated wetlands and benchlands,
contains the winter range of many animals. These low lying areas are very important
due to a winter period which forces animals out of the higher elevation habitats into
areas of lower snow accumulation.

6.2.2

•

Elk

Elk are not considered vulnerable in B.C. although elk numbers in the East Kootenay
region as well as in KNP are currently below management objectives.

•

The Radium area elk population is believed to contain both migrants (individuals that
undertake seasonal migrations between summer and winter ranges) and residents
(individuals that remain on the winter range all year).

•

Elk generally summer in high elevation habitats located either on provincial lands or
within KNP. Because of their remoteness, these summer ranges are relatively secure.

•

Winter range for elk is located within the Columbia valley, and includes the wetlands
and benchlands.

•

The wetlands, as part of the Columbia Wetlands W M A , are relatively secure from
human-related habitat loss and alienation.

•

The benchlands, however, are located primarily on private lands. Pressure exists to
develop these lands into residential subdivisions and recreational facilities.
Development on the benchlands will likely lead to habitat loss and fragmentation for
elk and other species.

6.2.3

•

Bighorn Sheep

Bighorn sheep are a Blue-listed species in B.C. There are an estimated 150 bighorn
sheep in the Radium area.
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•

At present, the Radium herd appears healthy although wildlife managers are
concerned about the long-term viability of the herd given current trends in habitat loss
and fragmentation, as well as vehicle-related mortality.

•

Bighorn sheep generally winter on low-elevation, south- and west-facing slopes
where temperatures are relatively warm and snow depths are minimal. Most of the
winter range of the Radium herd is located within the Columbia River valley, in
proximity to Radium Hot Springs, on private and provincial lands.

•

Summer ranges are believed to be concentrated at headwaters of Kindersley and
Sinclair Creeks, in the Alpine and Upper Subalpine Ecoregions although information
on summer ranges is sparse.

•

The transitional ranges of the Radium herd consist of the lower Sinclair Creek area
from John McKay Creek to the Radium townsite. Sheep use this range primarily in
spring and fall, during their migrations between summer and winter ranges, although
some use occurs year-round.

•

Generally speaking, the distribution of suitable sheep habitat appears to be closely
tied to the availability of forage in proximity to escape terrain or areas of high
visibility.

6.2.4

•

Grizzly Bear

The grizzly bear is Blue-listed in B.C. although in the Cool Dry Mountains Grizzly
Bear Zone, in which the study area is located, they are not considered at risk.

•

The main threats to grizzly bear populations in the Southern Interior Mountains
Ecoprovince stem from the impacts of land-use activities such as increased access,
land alienation, and forestry on grizzly bear habitat.

•

Grizzly bear use appears to be concentrated in the more remote, upper elevation
habitats of the Brisco and Stanford ranges.

•

Occasional forays onto the upper benchlands north of Radium Hot Springs have been
observed.
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6.3

WILDLIFE MOVEMENT CORRIDORS

6.3.1

•

General

Information on movement corridors in the Radium area was, prior to this study,
virtually non-existent.

•

The present study has contributed to a greater understanding of wildlife corridors
through the identification of potential corridors for elk, bighorn sheep and grizzly
bear based on the systematic application of information from the literature, key
informant interviews, and personal observations. However, site-specific empirical
data on wildlife movements are still lacking.

•

The proximity of the Radium area to Kootenay National Park is very significant in
terms of connectivity. There is consensus among scientists that core protected areas,
such as national parks, must not become "islands in a sea of development". Healthy
wildlife populations require exchange of animals to ensure genetic variability.
Connectivity also ensures protection against local extinction.

•

A multi-jurisdictional approach to the preservation of a functional network of
corridors is essential since typically, wildlife movements do not respect political or
jurisdictional boundaries.

•

While a number of corridors were identified as the result of this study, certain
corridors stand out as being particularly important for ensuring connectivity on a
regional scale, for multiple species. These are:
o

Upper Luxor Creek Corridor: Provides the only low elevation, forested,
relatively secure linkage between the Kootenay and Columbia drainages
within the study area.

o

Upper Benchlands Corridor: Offers a high quality corridor for movements
along the Columbia Valley and, because of its width and gentle topography, is
probably suitable for a wide variety of species. It can also act as a buffer zone
for KNP. Of particular significance, this corridor provides a safe route for
animals traveling between the Columbia valley and KNP via the Lower
Sinclair Creek Corridor.
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o

Lower Sinclair Creek Corridor: Represents another important low-elevation
forested linkage between the Columbia and Kootenay Valleys. This corridor
is used extensively by bighorn sheep throughout the year. As well, radiotelemetry data confirm movements of elk and wolf through this corridor.

In a human-influenced landscape, observable movement patterns do not necessarily
reflect preferred or optimal travel routes. Optimal routes may have been rendered
dysfunctional by human-related impediments. This is an important consideration
when designing mitigative strategies aimed at enhancing or restoring connectivity.

3.2

Corridors for Elk

Corridors derived from the elk model are probably suitable for a range of species due
to the fact that elk have relatively large home ranges, tend to use a variety of habitats
throughout the landscape and are sensitive to human presence.
Attributes that appear to be important for elk corridors are:
o

Suitable habitat

o

Presence of forage/cover ecotone

o

Relatively gentle slopes

o

Presence of visual cover

o

Low levels of human disturbance

The upper benchlands, because they contain most of the above characteristics, likely
serve as a major conduit, of regional significance, for movements parallel to the longaxis of the Columbia Valley.
Riparian corridors are believed to represent important travel routes for the seasonal
movements of elk along the elevational gradient.
While elk use of the wetlands is well recognized, their use by elk as a movement
corridor is not well understood and would require further investigation.
Sensory disturbance associated with transportation corridors, human settlements as
well as recreational facilities and activities are believed to represent significant
impediments to the movements of elk.
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•

Highway 95, and its associated high traffic levels and infills, is believed to represent a
significant impediment to movement along major riparian corridors linking the Brisco
and Stanford ranges to the Columbia River Wetlands.

•

Strip development, such as that present along Highway 95 south of Radium, is
believed to increase the psychological barrier effect of the road.

•

Within KNP, a long-standing policy of fire suppression has resulted in a
homogeneous, closed-canopy forest. Greater heterogeneity in the forest cover would
likely increase habitat quality and connectivity for elk.

6.3.3

•

Corridors for Bighorn Sheep

Because bighorn sheep have such specific habitat requirements, it is believed that
corridors derived from the sheep model are species-specific and thus, not suitable for
a wide range of species.

•

Generally speaking, movement corridors for sheep appear to be tied to the presence of
escape terrain and high visibility. However, some evidence suggests that sheep will,
when required, cross areas of insecure habitat in their movements.

•

Sheep appear to make extensive use of the Lower Sinclair Creek Corridor for
movements between summer and winter ranges.

•

Psychological barriers to movement appear to be few in the case of sheep.

•

Bighorn sheep appear to habituate readily to human presence, especially in
predictable situations. For example, they are regularly observed walking along busy
roads, with very little apparent regard for traffic. However, the behavioural and
physiological responses of sheep to humans and roads have not been formally tested
in the Radium area. Sheep may be experiencing long-term stress, as a result of their
close proximity to humans, even if the signs of stress are not overt.

•

Collisions with vehicles along Highways 93 and 95 are the primary cause of mortality
in the Radium herd.
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6.3.4

•

Corridors for Grizzly Bear

Grizzly bears are an excellent umbrella species and as such, corridors that are
functional for this species are likely suitable for a range of species.

•

Human use along roads and trails represent one of the most major threats to
connectivity for grizzly bear in the Radium area.

•

Highway 93 likely impedes grizzly bear movements between the Brisco and Stanford
Ranges. The extent of the impediment is not known, however.

•

Grizzly bear use within the Columbia valley appears to be minimal although the
upper benchlands may be important for grizzly bears in terms of providing a safe
route from one side drainage to another.

•

•

Optimally, grizzly bear corridors should:
o

Have low levels of human disturbance

o

Provide visual cover, especially in proximity to roads

o

Be energetically efficient

o

Provide some food sources

Within KNP, a long-standing policy of fire suppression has resulted in a
homogeneous, closed-canopy forest. Greater heterogeneity in the forest cover would
likely increase habitat quality and connectivity for grizzly bear.

6.4

•

WILDLIFE A N D L A N D - U S E PLANNING

Several reasons exist why planners and land managers should concern themselves
with the preservation of wildlife species and their habitats. Such reasons have to do
with quality of life, ethical and moral considerations, recreational opportunities,
economic importance and ecosystem services (see Section 1, Appendix 2).

•

The value of wildlife is recognized in the policy framework applicable to land use
planning in the Radium area (see Section 2, Appendix 2).

•

In order to be effective, planning for wildlife must be conducted at the regional scale
and must consider land uses across jurisdictions.
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•

Impacts of developments on wildlife must not be considered simply on a project-byproject basis but rather, must be analyzed at broader temporal and spatial scales in
conjunction with other developments on the landscape (i.e. cumulative effects
assessment).

•

Canmore provides us with useful lessons regarding coordinated planning efforts to
preserve functional wildlife corridors across jurisdictions. The most important lesson
to be gleaned is the necessity to begin a multi-jurisdictional planning process and
establish guidelines early, before developments projects are allowed to proceed.

•

The preservation of a network of functional wildlife movement corridors cannot be
ensured by one jurisdiction alone but rather, requires the cooperation of a multitude of
stakeholders at the local and regional levels.

•

Multi-stakeholder committees are a means of addressing conservation issues at the
regional scale, especially in areas where human influences are significant. The main
benefit of such committees is the establishment of a vehicle for cooperation,
exchange of ideas and information, multi-lateral funding and regional-scale research.
However, the lack of firm management authority constitutes a potential limitation of
such committees.

6.5

GENERAL CONCLUSIONS

The major accomplishments of the present study can be summarized as follows:
•

Identification of potential corridors for elk, bighorn sheep and grizzly bear based
on the systematic application of information from the literature and key informant
interviews through GIS-based modeling. The modeling method used constitutes
an initial "coarse filter" approach for identifying corridors.

•

Identification of gaps in the existing ecological database.

•

Identification of assumptions or testable hypotheses regarding factors believed to
affect the movements of wildlife, which can be viewed as directions for future
research.
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•

Development of a framework through which corridors can be assessed, in terms
of their characteristics and, to a certain degree, their functionality.

•

Development of a tool (i.e., the models) for assessing the impacts of future
development proposals on this corridor network.

•

Development of preliminary recommendations aimed at preserving a functional
network of corridors throughout the greater Radium landscape.

It is clear, however, that despite these accomplishments our understanding of movement
corridors in the Radium area is still in its infancy. While this study brings us closer to
understanding how different elements of the landscape can affect the movements of
wildlife, it represents only the first of several steps in an iterative process geared toward a
more sophisticated understanding of wildlife corridors in the Radium area. Areas
requiring further investigation include:
•

Monitoring of wildlife movements to determine the extent and nature of use of the
identified corridors.

•

Identification of local and regional habitat patches for each focal species. Such an
exercise would have to be conducted at multiple scales.

•

Determining, with more precision, the width of identified corridors. More
detailed work conducted on a corridor-specific basis would be required to
determine the available width as well as minimum functional width of each
corridor.

•

Assessment of the functionality of identified corridors. Only general descriptions
of the potential corridors and their characteristics were provided by this study.
The next step would be to describe these corridors in more detail and assess their
functionality as was done by Herrero and Jevons (2000) for corridors in the
Southern Canmore region.

•

Design of site-specific mitigative measures and management plans using the
general recommendations offered herein as a starting point.

In the meantime, however, managers must not shy away from using and applying, within
reasonable limits, the results of the present study since these represent the "best available
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information'' on corridors in the Radium area. In particular, there is enough information
provided in this report to caution against making irreversible changes to the landscape
without a thorough accounting of the effects on wildlife movements and habitat
connectivity at both the local and regional scales.
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7
7.1

RECOMMENDATIONS
INTRODUCTION

In this section, I present recommendations aimed at preserving or enhancing habitat
connectivity in the Radium Hot Springs area. I begin, in section 7.2, with
recommendations of a general nature. This is followed, in Section 7.3, by a summary of
recommendations for each of the focal species. Then, Section 7.4 provides
recommendations specific to each of the potential corridors identified during the analysis.
Finally, directions for future research and management are identified in Section 7.5.

7.2

G E N E R A L RECOMMENDATIONS

7.2.1

Formation of a Sub-regional E c o s y s t e m Advisory Committee

As was concluded in the preceding chapter, since wildlife movements often occur across
multiple jurisdictions, it follows that individual strategies to enhance connectivity across
the landscape must be part of a larger coordinated effort. A n isolated, piece-meal
approach to the preservation of habitat connectivity may lead to the duplication of efforts
and the squandering of limited resources and, more importantly, to the failure to meet
ecological objectives in terms of habitat connectivity for targeted species.

In order to address these concerns, I recommend the formation of a sub-regional
ecosystem advisory committee whose mandate would be to develop a conservation
strategy for the greater Radium area. Such a committee should be composed of
representatives of all agencies responsible for land management in the area (e.g. Village
of Radium, Regional District of East Kootenay, Kootenay National Park). Work
conducted by the Bow Corridor Ecosystem Advisory Group for the Canmore region
provides an excellent example that could be used as a starting point (see Section 5.5.2.2).
Other examples of multi-stakeholder wildlife committees were discussed in Section
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5.5.2.3. Specific tasks of the proposed committee could include some or all of the
following:
•

Identify and map corridors across the greater Radium area and determine their
relation to the broader regional networks of corridors (e.g. Y 2 Y , etc.).

•

Develop guidelines aimed at preserving a functional network of corridors.
These guidelines would include such elements as:
•

Standards for wildlife corridor design, including maximum length,
minimum width, topography, and vegetation characteristics.

•

Common ground rules for the preservation of wildlife corridors so that
development proposals for land in or adjacent to wildlife corridors are
dealt with in a consistent manner by respective approval authorities.

•

Identification of uses that may be allowed within wildlife corridors and
on adjacent lands

•

Encourage compliance of all agencies with these guidelines.

•

Review guidelines on a regular basis in order to incorporate new and ongoing
research on wildlife movement.

•

Coordinate mitigation efforts across the greater Radium area.

•

Facilitate inter-agency partnerships in managing environmental and resource
issues in the corridors.

•

Develop and oversee a long-term, inter-jurisdictional monitoring program
focused on wildlife movements.

•

Develop and maintain an inter-jurisdictional wildlife database designed to
foster an ecosystem approach to wildlife management.

The proposed multi-jurisdictional planning process should begin immediately with the
development of an implementation strategy. Considerations would include membership,
cost-sharing and logistical aspects such as office space, data storage, etc. The initiatives
described in Section 5.5.2 provide possible models to follow. The establishment of
corridor guidelines should be completed as soon as possible, before any new
development projects are allowed to proceed.
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Ideally, the work of the proposed committee should integrate with broader-scale
connectivity initiatives such as the Yukon to Yellowstone (Y2Y) Conservation Initiative,
which consists of a bi-national effort between Canada and the United States to restore and
maintain landscape connectivity and biological diversity up the spine of the Rocky
Mountains, from the Greater Yellowstone Ecosystem in the south to the Mackenzie
Mountains in the North (Yellowstone to Yukon Conservation Initiative 1997). More
information regarding the Y 2 Y initiative can be obtained by visiting their website at
http://www.rockies.ca/y2y/.

The work of proposed committee should also tie into the British Columbia Land and
Resource Management Planning (LRMP) process. This process, which was initiated by
the B.C. government in 1992, strives to provide an open, democratic forum for land-use
planning on publicly owned provincial Crown land. To date, in the region of my study,
the process has produced the East Kootenay Land Use Plan and the Kootenay-Boundary
Land-Use Implementation Strategy. Both these documents contain provisions for the
protection of wildlife corridors (see Section 2, Appendix 2).

7.2.2

Development of a Sustainable E c o n o m y

Paquet et al. (1994) wrote, in a report on corridors in the Bow Valley, "a corridor network
can only be facilitated by a change in public attitudes (and) a shift to new socio-economic
approaches that foster environmental sustainability . . . " . The results of the present study
lead to the same conclusions. Long-term ecological conservation cannot be achieved
without a concerted effort to develop a sustainable economy for the greater Radium area.
A sustainable economy is one that is built on entrepreneurial activities that do not impair
ecological processes. This means better managing the loss of habitat and ensuring the
preservation a network of connectivity across the landscape. The benefits of seemingly
lucrative development proposals must be weighed against the long-term environmental
and associated economic costs. A new economy that is built on the sustainability of
natural ecosystems should be seriously discussed by local residents and decision-makers.
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It appears to be often overlooked that efforts to preserve wildlife in the Radium area will
pay long-term dividends to local residents in terms of both ecological and economic
prosperity. Indeed, wildlife and the natural environment constitute a major drawing card
for tourism, hunting and fishing, as well as many other forms of recreation, all of which
contribute substantially to the area's economy. As well, the abundance of wildlife
supports a significant number of locally based guide-outfitting and trapping operations.
Due to an exceptional natural heritage and fairly limited development to date, the area
around Radium has a unique opportunity to become a North American showcase for
sustainability and environmental stewardship, which could provide a strong foundation
for a healthy and vibrant sustainable economy.

Given these realities, I recommend the creation of a sub-regional sustainable economy
committee. This committee could potentially involve all major land management
agencies, conservation groups, members of the entrepreneurial community as well as
other groups interested in the development of a sustainable economy for the area.
Specific tasks of the proposed committee would be to:
•

Develop a vision for the greater Radium area along with clear objectives for the
achievement of a sustainable economy. Elucidation of such a vision and
objectives should involve extensive public participation.

•

Inventory elements of the area's heritage that could represent assets for a
sustainable economy. For example:
•

Proximity to a national park

•

Active forest industry

•

Strong tourism base that could be expanded toward ecotourism

•

Presence of outstanding wildlife values

•

Outstanding diversity of vegetation communities and habitats

•

High scenic values

•

Wings over the Rockies Festival, Golden Birds and Bears Festival

•

Columbia River Wetlands

•

Proximity to a strong tourism market (Calgary)
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•

Investigate entrepreneurial strategies that could contribute to a sustainable
economy. For example:
•

Ecotourism, focusing on the local richness of flora and fauna

•

Interpretive centre, focusing on various aspects of the natural environment
and stewardship of the land

•

Centre for environmental expertise. The Radium area, with its rich natural
heritage, could provide an ideal setting to experiment with strategies for
sustainable living, including:
•

Ecoforestry application and research, including the
development of value-added products

•

Sustainable agricultural practices

•

Sustainable waste-water and solid waste management

•

Wildlife-friendly land-use planning

Not only would such activities contribute to ecological sustainability but
they would also help develop a unique character for the area and a sense of
local pride. Moreover, an interpretive component to these activities could
potentially generate economic revenue by attracting visitors seeking an
educational experience in environmental management and sustainable
living.

The work of the proposed sub-regional committee could potentially tie into the
Kootenay-Boundary Economic Strategy. The goal of this strategy, which is part of the
East Kootenay Land Use Plan, is to "ensure communities will be stable, informed,
vibrant, integrated and sustainable, for present and future generations" (B.C. Land Use
Coordination Office 2001). According to this strategy, the provincial government
pledges to provide additional funding to the Tourism Action Society of the Kootenays for
the enhancement of tourism infrastructure across the Kootenay-Boundary region (B.C.
Land Use Coordination Office 2001). These monies could potentially be accessed to
fund some of the ecotourism initiatives proposed above.
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7.2.3

Establishment of an Inter-jurisdictional Ecological Database

The establishment of a centralized, inter-jurisdictional wildlife database was mentioned
above as a potential task of the proposed ecosystem advisory committee. Because this is
considered such an important point, it is discussed in more detail here.

My experience as a researcher has been that it was very difficult to access all the
ecological data that were of relevance to this study. While most of the agencies I
contacted were receptive to my requests for information, many of the reports were
difficult to track down. A case in point is Parks Canada. Even within this single agency,
documents had to be located through a number of different channels. Some reports were
available through the Radium office, some through the regional office in Calgary while
others, through the Banff office. Yet Parks Canada was only one of several agencies that
needed to be approached for the acquisition of existing ecological data sets or reports.
The inter-jurisdictional nature of this project made the task of locating all sources of
relevant information very time-consuming.

A central library housing electronic and paper copies of all ecological work completed
within the greater Radium area would be a tremendous benefit in fostering an ecosystem
approach to wildlife management. In addition, a website allowing documents to be
accessed on-line could be an effective means of making ecological information readily
available to researchers, decision-makers and the general public. A readily accessible
GIS database would also be invaluable in facilitating multi-jurisdictional wildlife
research.

Examples of database initiatives such as the one proposed here include the Biosphere
Institute of the Bow Valley (website: http://www.biosphereinstitute.org/) and the
Miistakis Institute for the Rockies (website: http://www.rockies.ca/).

The Biosphere Institute, which operates out of Canmore, Alberta, was created in 1997 in
response to concern by a wide range of stakeholders over pressures exerted on the
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ecosystem caused by the rapid growth in human use and settlement in the Canmore area.
This institute is a non-political, non-profit society. Its main purpose is to acquire,
integrate and disseminate ecological, social and economic data and information relevant
to the short-term and long-term management of the Bow River watershed. To that end,
the Biosphere Institute strives to: maintain a library and archive of relevant data and
information; identify data gaps; integrate data and information; encourage scientific
research; and develop educational materials for the purpose of enhancing understanding
of ecological integrity (Biosphere Institute 2001).

The Miistakis Institute of for the Rockies was created to offer a variety of services to
non-profit and government agencies concerned with ecosystem management in the Rocky
Mountains. The range of services provided include: ecosystem mapping using GIS and
remote sensing analysis; World Wide Web programming services designed to help
scientists, conservationists and other special interests communicate better; and online
decision support solutions aimed at delivering ecological information to research
institutions, the public, special interests and other decision-makers (Miistakis Institute
2001).

7.2.4

Monitoring

While this project was useful in identifying potential wildlife corridors in the Radium
area, monitoring of these corridors is the essential next step for determining the extent
and nature of their use by various species. Of highest priority are those corridors likely to
be impacted by future development projects. Monitoring is a critical element of
ecological land-use planning. With regards to development proposals, the B C E A G
(1999a) states:
"For development proposals that are required to conduct a wildlife impact
assessment, wildlife use monitoring will be required. The responsibility for
monitoring of wildlife use within the designated wildlife corridors will fall upon
the developer. As part of the wildlife impact assessment, wildlife studies may be
required prior to approval of the project to develop baseline data, during
construction, and potentially for three years after all construction related to the
project is completed. The developer would be required to provide and implement
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a mitigation plan to overcome any negative impacts that are found during the
monitoring phase".
Monitoring is the cornerstone of an adaptive management strategy.

Some key points

about monitoring that are of relevance to the maintenance of functional network of
wildlife movement corridors:
•

Begin monitoring early. Monitoring must be initiated early in order to collect
baseline data about wildlife movements before any changes have been imposed on the
landscape.

•

Continue monitoring for several years. Axys (1996) stressed the importance of
monitoring wildlife movements over several years in order to be able to account for
daily, seasonal and annual variations in movement patterns.

•

Adopt a phased approach.

Truly adaptive management can only be carried out if a

slow, phased approach to development is adopted. Many impacts take a period of
time to manifest themselves. Ongoing monitoring and a slow-growth approach will
allow land managers to adapt their plans, if and as required, depending on the impacts
measured through the monitoring program.
•

Mitigate. Any adverse impacts noted during the monitoring phase must be mitigated.

• Monitor for hypothesis testing.

Beier and Loe (1992) suggested that monitoring be

used explicitly to test hypotheses about corridor design.
•

Costs to be borne by the proponent. Monitoring should be viewed as a necessary
condition to any major development project. As such, the proponent should be held
responsible for incurring the costs of the monitoring program.

7.3

SUMMARY RECOMMENDATIONS FOR EACH OF THE FOCAL
SPECIES

In this section, I attempt to summarize key recommendations for each of the focal
species. The recommendations address specific considerations or issues relevant to each
of the focal species, which are drawn from the conclusions listed in Section 6.3.
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7.3.1

Elk

Table 7-1: Summary recommendations for elk corridors, Radium Hot Springs area, B.C.

Consideration or Issue

Recommendations

Elk corridors are likely multi-species in
nature.

Maintain corridors as wide as possible to ensure
functionality even for wary species.

Attributes that are believed to be particularly
important for elk corridors include relatively
gentle slopes, presence of visual cover and
low levels of human disturbance.

Design corridors to provide energetically
efficient travel routes.
Maintain natural vegetation within corridors.
Minimize human access within corridors.

The upper benchlands likely serve as a major
conduit, of regional significance, for elk
movements parallel to the Columbia Valley.

Develop a human use management plan for the
upper benchlands.
Avoid land uses that will constrict or obstruct
this corridor.
Establish a buffer zone along the KNP boundary
to allow for movements in and out of the park.

Riparian corridors are believed to represent
travel routes for seasonal movements along
the elevational gradient.

Manage all riparian corridors as wildlife
corridors.
Maintain natural vegetation.
Avoid any form of development within these
corridors.
Avoid trails and roads within these corridors.

The functionality of the wetlands as a
movement corridor is not well understood.

Monitor elk movements in the wetlands to assess
extent of use as a movement corridor.

Sensory disturbance associated with human
activity is believed to impede the movements
of elk, especially in hunted populations (see
Section 2.1.5).

Maintain low levels of human activity in
identified corridors.
Avoid roads and trails within corridors.
Develop a human use management plan to
consolidate human activity along designated
trails.
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Table 7-1: Summary recommendations for elk corridors, Radium Hot Springs area, B.C. (cont'd).

Consideration or Issue

Recommendations

Highway 95 acts as a major impediment to
movements along riparian corridors
connecting the Brisco and Stanford Ranges to
the Columbia Valley Wetlands.

Investigate options aimed at facilitating
movements across Highway 95 along identified
riparian corridors.

Strip development along the highway is
believed to increase its effect as a
psychological barrier for elk.

Concentrate development into small pods or
clusters in order to minimize habitat
fragmentation.

Within KNP fire suppression has resulted in a
homogeneous, closed-canopied forest, with
very little forage/cover ecotone.

Use prescribed burning to develop a more
heterogeneous forest canopy. This will likely
increase habitat quality and connectivity for elk.

7.3.2

Bighorn Sheep

Table 7-2: Summary recommendations for bighorn sheep corridors, Radium Hot Springs area, B.C.
Consideration or Issue

Recommendations

Sheep have very specific habitat requirements.
Habitat use by sheep appears to be largely tied
to the presence of forage in proximity to escape
terrain and high visibility.

Do not assume that corridors used by bighorn
sheep are suitable for a wide range of species.
Avoid human encroachment onto areas known to
be heavily used by sheep.
Design buffer zones to create distance between
humans and sheep in these critical areas.

Sheep make extensive use of the Lower
Sinclair Canyon Corridor.

Restore natural habitat conditions within the
Sinclair Canyon area. This would include
prescribed burning to counter forest ingrowth and
the removal of facilities that are not deemed
essential to this area (i.e. maintenance compound,
accommodations, etc.). The south-facing side of
the canyon, because of the greater abundance of
forage, appears to be especially important for
sheep.
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Table 7-2: Summary recommendations for bighorn sheep corridors, Radium Hot Springs area, B.C.
(cont'd)

Consideration or Issue

Recommendations

Harassment, resulting from close proximity of
sheep and humans, may cause long-term stress
in sheep.

Wherever possible, create more distance between
sheep and humans.

Collisions with vehicles are the primary cause
of mortality in the Radium herd. The CP
railway also takes it toll, albeit to a lesser
degree.

Investigate options for mitigating portions of
Highways 93 and 95 and the railway where
collisions are known to befrequent(e.g. Sinclair
Canyon, Mile Hill, section of railway located
below the golf course). This could include fencing
and the installation of crossing structures.
Signage and reduced speed limits may also be
appropriate although, in one study, these
mitigative strategies were found to be ineffective
in reducing sheep mortality (Bertwistle 1999).

7.3.3

Grizzly Bear

Table 7-3: Summary recommendations for grizzly bear corridors, Radium Hot Springs area, B.C.

Consideration or Issue

Recommendations

Human use associated with roads and highuse trails represent one of the most significant
threats to connectivity for grizzly bear.

Keep Kindersley Cr. closed to motorized
vehicles.
Keep Luxor Pass free of motorized vehicles and
limit human access.
Limit access along lower Luxor Creek between
Pinnacle Creek and Highway 95.

Highway 93, and the developments located
within this corridor, likely impede grizzly
bear movements between the Brisco and
Stanford Ranges.

Limit human influence within the Lower Sinclair
Corridor.
Investigate options for crossing structures along
Highway 93 to enhance connectivity between the
Brisco and Stanford ranges.
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Table 7-3: Summary recommendations for grizzly bear corridors, Radium Hot Springs area, B.C.
(cont'd)
Consideration or Issue

Recommendations

The Upper Benchlands may be important for
grizzly bears in terms of allowing movement
from one side drainage to another.

Maintain a buffer at the base of the western
slopes of the Brisco and Stanford Ranges to
facilitate movements of grizzly bears between
side drainages.

Optimally, grizzly bear corridors should:
• have low levels of human disturbance;
• provide visual cover, especially in
proximity to roads;
• be energetically efficient; and
• provide some food sources.

Minimize human access within corridors.

Within KNP, a long-standing policy of fire
suppression has resulted in a homogeneous,
closed-canopy forest.

Maintain natural vegetation within corridors,
especially near roads or other areas of high
human activity.
Design corridors to provide energetically
efficient travel routes.
Use prescribed burning to develop a more
heterogeneous forest canopy. This will likely
increase habitat quality and connectivity for
grizzly bear.
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7.4

CORRIDOR-SPECIFIC R E C O M M E N D A T I O N S

In this section, I present recommendations specific to the each of the corridors identified
previously in Section 4.3. These recommendations, which are presented in Tables 7-4
and 7-5, take into consideration the species-specific ecological information presented in
Sections 2.1, 2.2 and 2.3 as well as an extensive literature review covering all aspects of
the management of wildlife movement corridors (see Appendix 3).

The reader is cautioned that these recommendations are not meant as definitive
prescriptions but rather, as a preliminary guide to inform future management decisions
and establish directions for future research. While the recommendations are based on
sound ecological principles, their feasibility from a social or economic perspective may
require further investigation. Some recommendations, especially those requiring
substantial capital expenditures, should be viewed as long-term propositions.
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C.

Corridor

Recommendations

Comments

PinnacleKindersley

Maintain the deactivated status of the Kindersley
Creek Road.

McKenzie
Basin

Upper
Luxor
Creek

Limiting human access will increase the
functionality of the corridor.

Responsible
Stakeholder
B.C Min. of
Forests

Priority*
1

Maintain low human use levels.

High human use is incompatible with corridor
function (BCEAG 1999a).

B.C. Min. of
Forests

1

Maintain natural vegetation.

Natural vegetation provides visual cover.

Same as above

1

Human access, in the form of roads or trails,
should be kept to a minimum within this corridor.

The BCEAG (1999a) guidelines for wildlife
corridors and habitat patches in the Bow Valley
state "trail use within wildlife corridors, except for
limited perpendicular crossings is incompatible
with their primary wildlife function".

B.C Min. of
Forests
Local
recreation
groups

1

B.C Min. of
Forests

Lower
Luxor
Creek

Maintain high levels of visual cover.

Avoid large clear cuts along this corridor.

Human access, in the form of roads or trails,
should be kept to a minimum within this corridor.

This is consistent with BCEAG (1999a) guidelines Local
for wildlife and habitat patches in the Bow Valley, recreation
which state that trail use within wildlife corridors is groups
generally incompatible with their primary wildlife
function.
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1

1

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Lower
Luxor
Creek
(cont'd)

Maintain high levels of visual cover within the
corridor.

Lower
Kindersley
Creek

This can be achieved through the maintenance of
natural vegetation.

Responsible
Stakeholder
B.C. Min. of
Forests
Private landowners

Priority *
1

Investigate options for a crossing structure that
will provide a safe and energetically efficient
passage for wildlife attempting to cross Highway
95.

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

B.C. Min. of
Transportation
and Highways

3

Minimize obstructions along the corridor in the
form of residential or recreational developments,
fences, etc.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

Private landowners, RDEK

1

Private lands within the riparian zone should be
The restoration of major riparian corridors should
ear-marked for future purchase and protection by
be a long-term objective.
provincial authorities or conservation groups,
should such parcels come up for sale.
Alternatively, conservation covenants provide a
means of protecting sensitive areas while retaining
land in private ownership.

B.C. Min. of
Environment,
Conservation
groups

3

Minimize obstructions along the corridor in the
form of residential or recreational developments,
fences, etc.

Private landowners

1

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

269

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Lower
Kindersley
Creek
(cont'd)

Maintain high levels of visual cover within the
corridor.

This can be achieved through the maintenance of
natural vegetation.

Minimize human access into the lower portion of
the corridor unaffected by the forestry road.

The BCEAG (1999a) guidelines for wildlife
corridors and habitat patches in the Bow Valley
state "trail use within wildlife corridors, except for
limited perpendicular crossings is incompatible
with their primary wildlife function".

Local
recreation
groups

Investigate options for a crossing structure at
Highway 95 that will provide a safe and energy
efficient passage for wildlife.

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

B.C. Min. of
Forests

3

Avoid intensive land-uses, on the Upper
Benchlands, especially along the KNP boundary.

Intensive land uses, through increased sensory
disturbance, may lead to constriction or obstruction
of this corridor.

Private landowners, Village
of Radium,
RDEK

1

Close off loops located along the east and
southeast margins of the Redstreak Campground.

At present, wildlife are forced to use the lower
slopes of Mt. Berland to move between the Lower
Sinclair Creek Corridor and the Upper Benchlands
Corridor south of Radium. The proposed measure
would provide wildlife with a more energetically
efficient route.

Parks Canada

2

Upper
Benchlands
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Responsible
Stakeholder
B.C Min. of
Forests

Priority *
1

1

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Responsible
Stakeholder
Private landowners, Local
recreation
groups, RDEK

Priority *
2-3

Upper
Benchlands
(cont'd)

Develop a human use management plan for this
corridor.

At present, human use levels are relatively low. A
human use management plan will become
especially important should use levels increase in
the future. Refer to BCEAG (1999a and b) for
useful guidelines.

Restrict land uses along this corridor to those that
are compatible with corridor function.

Light grazing and Christmas tree farming are
examples of land uses that are compatible with the
maintenance of some degree of connectivity for
wildlife.

Private landowners

1

Ensure there are no artificial attractants (such as
garbage, fruit trees, etc.) associated with
residential areas located near the lower edge of the
corridor.

These could cause food-conditioning and
habituation in bears moving through the corridor.
It is widely recognized that habituation in bears
generally lead to a higher risk of mortality as a
result of management actions.

Improvement
District of
Edgewater,
RDEK

2

Wherever possible, improve visual cover for
wildlife along the corridor.

Stringers of denser forest cover with more mature
trees should be maintained to provide travel lanes
offering visual and thermal cover for wildlife
moving through the area.

Private Land
Owners, RDEK

1
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Lower
Benchlands

Because this corridor is believed to be suboptimal
for wildlife movements in terms of topography, its
location between two major transportation
corridors and the presence of the settlements of
Edgewater and Radium Hot Springs,
it may represent an appropriate place for
controlled development.

Given the pressure for residential and recreational
development in the Radium area, it may be
appropriate to concentrate development in clusters
between Highway 95 and the railway while
refraining from any intensive development along
the more viable Upper Benchlands Corridor as well
as along the Wetlands Corridor.

Responsible
Stakeholder
Private landowners,
RDEK

Priority *
3

B.C. Min. of
Env. Lands and
Parks

1

Same as above

1

Same as above

1

In order to be ecologically defensible, such a
strategy would have to include measures to manage
all transverse riparian corridors as wildlife
movement corridors to ensure connectivity
between the mountain habitats and the Columbia
River wetlands. Such measures would include
restricting human access, maintaining natural
vegetation, providing adequate buffer zones and
removing or mitigating any impediments to
movement along these important riparian corridors.
Wetlands

Maintain restrictions on motorized access within
the Columbia Wetlands WMA.

This measure minimizes sensory disturbance to
wildlife.

Continue to manage this area as a special wildlife
management area.
Maintain natural vegetation communities within
the wetlands.

Natural vegetation provides visual cover and a
variety of habitats.
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Wetlands
(cont'd)

Further research would be required to determine
the extent of use of the wetlands by elk as a
corridor for longitudinal movements within the
Columbia River Valley.

Little is known about the use of the wetlands as a
movement corridor for elk.

Six-Mile
Creek

Maintain natural vegetation within the corridor,
especially in proximity to Hewitt Road.

Visual cover is important for security, especially in
areas of high human activity.

Avoid any obstructions within the corridor such as Development, because of sensory disturbance
residential or recreational developments, fences,
associated with human activity, can impede
etc.
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).
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Responsible
PrioStakeholder
rity*
B.C. Min. of
3
Env. Lands and
Parks

Private landowners,
Improvement
District of
Edgewater,
RDEK

1

Same as above

1

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Same as above

Priority *
1

Same as above

1

Corridor

Recommendations

Comments

Six-Mile
Creek
(cont'd)

Minimize human access within the corridor in the
form of trails, etc.

The BCEAG (1999a) guidelines for wildlife
corridors and habitat patches in the Bow Valley
state "trail use within wildlife corridors, except for
limited perpendicular crossings is incompatible
with their primary wildlife function".

Building setbacks on either side of the corridor
should be incorporated into the corridor design.

This corridor is bounded on either side by
residential development. Setbacks will minimize
edge effects and sensory disturbance and thus,
maintain maximum functionality for a range of
species. Examples of setbacks are provided in
BCEAG (1999a).

Maintain natural vegetation within the corridor,
especially in proximity to Highway 95.

Visual cover is important for security, especially in Private landareas of high human activity.
owners, RDEK,

Investigate options for a crossing structure at
Highway 95 that will provide a safe and energy
efficient passage for wildlife.

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

B.C Min. of
Transportation
and Highways

Avoid any obstructions within the corridor such as
residential or recreational developments, fences,
etc.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

Private landowners,
RDEK

McCauley
Creek
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1

3

1

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Private landowners,
RDEK, local
recreation
groups

Priority *
1

A buffer would serve to protect the corridor from
edge effects and sensory disturbances and thus,
maintain maximum functionality for a range of
species. This is particularly important for the
lower portion of the corridor, which lies on private
lands. Low intensity land-uses such as grazing and
Christmas tree farming represent appropriate land
uses for a buffer zone (see Section 4.2.3.2,
Appendix 2).

Private landowners,
RDEK

1

Re-establish natural vegetation within this
corridor to provide more visual cover.

At present, visual cover is lacking, especially in the
lower reaches of the corridor.

Private landowners,
RDEK

1

Avoid placing any obstructions within the corridor
such as fences, residential dwellings, etc.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

Same as above

1

Corridor

Recommendations

Comments

McCauley
Creek
(cont'd)

Minimize human access within the corridor in the
form of trails, etc.

The BCEAG (1999a) guidelines for wildlife
corridors and habitat patches in the Bow Valley
state "trail use within wildlife corridors, except for
limited perpendicular crossings is incompatible
with their primary wildlife function".

Maintain a buffer zone along this corridor.

Geddes
Creek
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Same as above

Priority *
1

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

B.C. Min. of
Transportation
and Highways

3

Establish a buffer zone in either side of the
corridor to minimize edge effects and sensory
disturbances.

At present, the land adjacent to the corridor is
largely managed for Christmas tree farming, a
relatively low intensity use. This measure would
be especially important if more intensive land-uses
were to take place (see Section 4.2.3.2, Appendix
2).

Private landowners, RDEK

2-3

Minimize obstacles and impediments to
movement along this corridor. Within KNP, this
implies the necessity for a long-range aimed at
removing obstacles and sources of sensory
disturbance such as parking lots, tourist
accommodations, etc. Especially important is the
area north of Highway 93 across from the
Aquacourt where the Lower Sinclair Corridor
links up with the Upper Benchlands Corridor.

The Lower Sinclair Corridor potentially represents
an important dispersal corridor linking the
Kootenay and Columbia Valleys. Because of the
significance of this corridor, every effort should be
made to increase its functionality.

Parks Canada

3

Corridor

Recommendations

Comments

Geddes
Creek
(cont'd)

Minimize human access within the corridor.

The BCEAG (1999a) guidelines for wildlife
corridors and habitat patches in the Bow Valley
state "trail use within wildlife corridors, except for
limited perpendicular crossings is incompatible
with their primary wildlife function".

Investigate options for a crossing structure at
Highway 95 that will provide a safe and energy
efficient passage for wildlife.

Lower
Sinclair
Creek
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Parks Canada,
private landowners

Priority *
1

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

B.C. Min. of
Transportation
and Highways

3

Avoid any further development along this corridor
within and outside the KNP.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

Parks Canada,
Private landowners

1

Private lands within the riparian zone should be
ear-marked for future purchase and protection by
provincial authorities or conservation groups,
should such parcels of land come up for sale.
Alternatively, conservation covenants represent an
effective means of achieving the same goals while
maintaining lands in private ownership.

While such protection incurs a cost, it should be
regarded as a long-term investment that will add
value to the region as a whole.

B.C. Min. of
Environment,
Conservation
Groups

3

Reduce nighttime lighting on properties
surrounding overnight accommodations within the
Lower Sinclair Creek Corridor.

This measure will provide more secure conditions
for wary species.

Parks Canada,
Private
operators

1

Corridor

Recommendations

Comments

Lower
Sinclair
Creek
(cont'd)

Maintain existing natural vegetation cover.

Natural vegetation provides visual cover, which is
important for security.

Investigate options for a crossing structure that
will provide a safe and energy efficient passage
for wildlife attempting to cross Highway 95.
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Parks Canada

Priority *
3

Highway 93 likely acts as a significant impediment
to movement, especially for wary species.

Same as above

2

Manage for low human use levels within this
corridor.

High human use levels are incompatible with
corridor function (BCEAG 1999a).

Same as above

1

Use small prescribed burns to create a more
heterogeneous forest canopy.

This would increase the suitability of this corridor
for elk and grizzly bear.

Same as above

2

Reduce nighttime lighting within the McKay Cr.
compound.

This measure will provide more secure conditions
for wary species.

Same as above

1

Vegetation management in the form of small
prescribed burns would be useful in creating
greater heterogeneity in the forest canopy.

This measure would increase the suitability of this
corridor for elk and grizzly bear. It would be
advisable, however, to maintain cover between the
Redstreak trail and burn sites in order to provide
screeningfromhikers.

Parks Canada

3

Maintain the Redstreak Trail as a low-use trail.

High human use is incompatible with corridor
function (BCEAG 1999a).

Same as above

1

Corridor

Recommendations

Comments

John
McKay
Creek

Long-range plans should include the relocation of
the McKay Cr. maintenance compound.

In its present location, it represents a serious
obstruction to wildlife movements within the
narrow and steep-sided drainage.

Investigate options designed to facilitate
movements across Highway 93 between the
McKay and Redstreak Creek Corridors.

Redstreak
Creek
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Comments

Responsible
Stakeholder
Parks Canada

Priority *
1

Vegetation management in the form of small
prescribed burns would be useful in creating
greater heterogeneity in the forest canopy.

This would increase the suitability of this corridor
for elk and grizzly bear. It would be advisable,
however, to maintain cover between the Kimpton
trail and burn sites in order to provide screening
from hikers.

Same as above

3

Maintain low human use levels within the
corridor.

High human use is incompatible with corridor
function (BCEAG 1999a).

Parks Canada

1

Maintain natural vegetation.

Natural vegetation provides visual cover.

Same as above

1

Avoid development near the base of the corridor.

This is important to allow elk and grizzly bear to
move from this drainage to other drainages via the
Upper Benchlands Corridor.

Private landowners

1

Maintain natural vegetation within the corridor.

Visual cover is important for security, especially in Private landowners, RDEK
areas of high human activity.

1

Investigate options for a crossing structure that
will provide a safe and energy efficient passage
for wildlife attempting to cross Highway 95.

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

3

Corridor

Recommendations

Kimpton
Creek

Maintain Kimpton Creek Trail as a low-use trail.

Palmer
Creek

Dry Gulch
Creek
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B.C. Min. of
Transportation
and Highways

Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Dry Gulch
Creek
(cont'd)

Avoid any form of new development within this
corridor.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix

Responsible
Stakeholder
Private landowners

Priority *
1

2).

Stoddart
Creek

Developed lands along the riparian corridor
should be ear-marked for future purchase and
protection by provincial authorities or
conservation groups, should such parcels of land
come up for sale. Alternatively, conservation
covenants offer a means of managing sensitive
habitats for wildlife while maintaining lands in
private ownership.

While such protection incurs a cost, it should be
regarded as a long-term investment that will add
value to the region as a whole.

B.C Min. of
Environment,
Lands and
Parks,
Conservation
groups

3

Maintain Stoddart Creek Trail as a low-use trail.

High human use levels are incompatible with
corridor function (BCEAG 1999a).

B.C. Min. of
Forests

1

B.C. Min. of
Forests

1

Maintain the restriction on motorized vehicles on
Stoddart Creek Road. Maintain natural vegetation
within the corridor.
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Table 7-4: Recommendations for corridors derived from the elk and grizzly bear models, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
B.C. Min. of
Transportation
and Highways

Priority *
3

Corridor

Recommendations

Comments

Stoddart
Creek
(cont'd)

Investigate options for facilitating safe and
energetically efficient wildlife movements across
Highway 95.

A bridge spanning the entire drainage and
associated banks would be ideal. This may be
feasible in the event of a road upgrade.

Avoid any form of new development within this
corridor.

Development, because of sensory disturbance
associated with human activity, can impede
wildlife movements. Fences represent physical
barriers to movement (see Section 3.4, Appendix
2).

Private Landowners

Develop a site-specific management plan to
maintain a functional travel route for wildlife
through the lower portion of the corridor.

The Stoddart Creek alluvial fan is wide enough that
it may be possible to maintain a movement corridor
through this area, despite high levels of human
activity.

Shuswap
2
Indian Reserve,
Private landowners

* Priority ratings:
1 = Actions that are urgent or can be accomplished or initiated in the short
term; often of a preventative nature. Timeline: 1-2 years.
2 = Actions that can be accomplished in the medium term or that are less
urgent than 1. Timeline: 2-5 years.
3 = Actions that can be viewed as long-term objectives. Timeline: 5-10 years.
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1

Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C.

Corridor

Recommendations

Comments

Responsible
Stakeholder

Priority*

Brisco

Use prescribed burning to simulate a natural fire
regime within this corridor.

This measure would enhance forage availability
and visibility conditions for sheep and thus,
ameliorate the functionality of the corridor.

Parks
Canada,
B.C. Min. of
Forests

3

Mt.
Berland

Use prescribed burning to simulate a natural fire
regime within this corridor.

This measure would enhance forage availability
and visibility conditions for sheep and thus,
ameliorate the functionality of the corridor.

Parks
Canada,

3

High
Divide

Monitor movements along this corridor, at the
intersection of Highway 93 to determine the extent
of cross-highway use of this corridor.

Parks Canada

2

Lower
Sinclair
Creek

3

If use is relatively high, investigate strategies
aimed at allowing for the safe passage of sheep
across the highway.

Use along this corridor is likely largely restricted to
the growing season. Hence, strategies designed to
facilitate sheep movements across Highway 93
should be considered on a seasonal basis only.

Continue public education programs designed to
teach residents and visitors proper "sheep
etiquette".

This measure is important to minimize harassment.

Parks Canada

1

Experiment with sodium-free de-icing agents that
do not act as an attractant for sheep.

Damas and Smith (1982) provides a good review
of such alternatives.

Same as
above

1
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Lower
Sinclair
Creek
(cont'd)

Long-term plans for the Sinclair Canyon area
(within KNP) should be geared toward the removal
of the overnight accommodations currently located
within this corridor.

This action would have several beneficial effects
on bighorn sheep:
• Reduce harassment
• Allow for the reclamation of sheep habitat that
is currently lost to overnight accommodations
and parking lots.
• Improve connectivity between the Mt. Berland
and Lower Sinclair Corridors.
• Allow for the implementation of a habitat
enhancement program to improve habitat
quality for sheep. Forest ingrowth is apparent
on the south facing slopes along the Sinclair
Canyon.
• Favour natural predator-prey relationships by
making the area more predator-friendly. A
certain amount of predation is believed to be a
positive factor in the health of ungulate
populations by keeping population numbers in
check and thus, avoiding habitat degradation.

Same as
above

3

The Aquacourt does not pose as significant a
problem in terms of harassment and habitat loss for
sheep as the developments along the north side of
the highway.

The more heavily forested north-facing side of the
canyon is not as suitable for sheep use and
movements than the more open south-facing side.

Same as
above

3
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Lower
Sinclair
Creek
(cont'd)

Investigate options for relocating the main parking
area, which is currently on the north side of the
road, to the south side of the road.

This would help create more distance between
humans and sheep.

Same as
above

3

Avoid any new developments along the Lower
Sinclair Creek Corridor, within or outside park
boundaries.

High human use levels are incompatible with
corridor function (BCEAG 1999a).

Parks
Canada,
Private landowners,
Village of
Radium

1

Wherever possible, outside KNP, a buffer zone
should be implemented between existing
residential and recreational areas and the north and
south forks of the corridor.

Examples of setbacks are provided in BCEAG
(1999a).

Village of
Radium,
private landowners

3

Investigate strategies aimed at allowing for the safe
passage of sheep moving across Highway 95 along
the north fork of the corridor.

High quality habitat exists here on either side of the
highway.

B.C. Min. of
Transportation and
Highways,
Village of
Radium

3
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
Same as
above

Priority*
2

Repeated harassment can create long-term stress.

Village of
Radium

1

Use Mile Hill as a testing site for crossing
structures for sheep.

Several natural gullies along this stretch of the
highway represent obvious sites for the installation
of underpasses while an excellent site for an
overpass exists where the road cuts through a ridge
of glaciofluvial overburden. Heavy sheep use
would ensure large sample sizes. Such an
experiment would yield very useful results that
could be applied to other areas where vehiclerelated sheep mortality is an issue.

B.C. Min. of
Transportation and
Highways,
Local and
regional
wildlife
agencies.

2

Fencing would be an effective means of keeping
sheep off the road.

Fencing is only ecologically feasible if adequate
crossing structures are installed.

Same as
above

2

Obstructions, such as fences, that could impede
sheep movements along this corridor should be
avoided.

See Section 3.4, Appendix 2.

Private landowners

1

Corridor

Recommendations

Comments

Lower
Sinclair
Creek
(cont'd)

The existing four-way stop should be sufficient to
allow sheep to safely negotiate the highway
crossing along the south fork. However, strategies
for maintaining more distance between sheep and
humans should be investigated.

Creating more distance between sheep and humans
would be important to reduce stress on sheep.

Continue with public education efforts to ensure
sheep are not harassed by humans or dogs
(especially unleashed) within or in the vicinity of
the Radium townsite
RadiumStoddart
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Redstreak
Mountain

Use prescribed burning to simulate a natural fire
regime within this corridor.

This measure would enhance forage availability
and visibility conditions for sheep and thus,
ameliorate the functionality of the corridor.

Responsible PrioStakeholder rity*
Parks Canada 3

Given the lack of information regarding sheep
habitat use and movements in the Redstreak
Mountain area, monitoring would be useful for
determining the extent of use of this corridor by
sheep.

3

Devil's
Tooth

Additional empirical data would be required to
determine the nature, seasonality and extent of use
by sheep.

Due to its remoteness, this corridor is relatively
secure from human disturbance and therefore, does
not constitute a management priority.

Parks Canada 3

Upper
Redstreak
Creek

Empirical research would be useful in better
defining the role of this corridor as a travel route
for sheep.

Due to its remoteness, this corridor is relatively
secure from human disturbance and therefore, does
not constitute a management priority.

Parks Canada 3

Use prescribed burning to simulate a natural fire
regime within this corridor.

This measure would enhance forage availability
and visibility conditions for sheep and thus,
ameliorate the functionality of the corridor.

Same as
above

Develop a vegetation management plan to enhance
habitat conditions for sheep along these corridors
(especially in terms of visibility and forage).

Efforts should focus on the south-facing side of the
drainages, which offer better habitat conditions for
bighorn sheep (i.e., warmer temperatures, less
snow, greater availability of forage).

B.C. Min. of
3
Forests, B.C.
Min. of
Environment,
Parks Canada

Dry Gulch
and
Stoddart
Creeks
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Responsible
Stakeholder
B.C. Parks,
B.C. Min. of
Forests

Priority*
1

Monitor sheep-train collisions along this corridor
to assess the significance of this source of
mortality.

CP Rail

2

If railway-related mortalities prove to be
significant, investigate strategies to reduce their
frequency.

Same as
above

3

Corridor

Recommendations

Comments

Dry Gulch
and
Stoddart
Creeks
(cont'd)

Maintain low levels of human access within the
Dry Gulch and Stoddart Creek drainages.

High human use levels are incompatible with
corridor function (BCEAG 1999a).

Lower
Bluffs

Redstreak
Campground

Where this corridor traverses private land,
implement a buffer between the upper edge of the
corridor and any residential or recreational
developments.

This is important to minimize harassment of sheep.

Village of
Radium,
private landowners

1

Habitat enhancement actions (such as clearing or
burning) may be useful in creating better visibility
and foraging conditions for sheep along the slopes
bordering the north and west margins of the
campground or alternatively, along the lower
slopes of Redstreak Mtn.

Such actions could improve the functionality of
this corridor by enabling sheep to skirt around the
campground during the busy camping season.

Parks Canada

3
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Table 7-5: Recommendations for corridors derived from the bighorn sheep model, Radium Hot Springs area, B.C. (cont'd).

Corridor

Recommendations

Comments

Golf
Course

Investigate the long-term effects of the golf course
on sheep habitat use and movement patterns.

At present, these effects are not well understood,
making it difficult to make definite
recommendations regarding the golf course.

In the meantime:
• Continue with public education efforts to
ensure sheep are not harassed by humans or
dogs (especially unleashed) within or in the
vicinity of the Radium townsite
• Avoid obstructions to movements within the
corridor.

* Priority ratings:
1 = Actions that are urgent or can be accomplished or initiated in the short
term; often of a preventative nature. Timeline: 1 -2 years.
2 = Actions that can be accomplished in the medium term or that are less
urgent than 1. Timeline: 2-5 years.
3 = Actions that can be viewed as long-term objectives. Timeline: 5-10 years.
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Responsible
Stakeholder
Golf course
operator in
collaboration
with local
and regional
wildlife
agencies

Priority*
2

Village of
Radium, Golf
course
operator

1

Same as
above

1

7.5

DIRECTIONS F O R F U T U R E R E S E A R C H A N D M A N A G E M E N T

7.5.1

•

Highest Priority

Development of an implementation strategy for the proposed Ecosystem
Advisory Committee. Considerations would include membership, cost sharing and
logistical aspects such as office space, data storage, etc.

•

Monitoring of identified corridors. Monitoring wildlife movements is a necessary
step to validate the model outputs. Of highest priority are those corridors likely to be
impacted by future development projects.

•

More detailed corridor descriptions. Only general descriptions of the potential
corridors and their characteristics were provided in this study. The corridors could be
described in more detail, especially with regards to their width, a critical determinant
of corridor functionality. Current available width and minimum functional width
would be key pieces of information. Of highest priority are those most likely to be
impacted by future development projects.

•

Detailed assessment of the functionality of identified corridors. Such an
assessment could be conducted following the methodology of Herrero and Jevons
(2000) for corridors in the Southern Canmore region.

•

Site-specific design work for the proposed crossing structures. Additional work
would be required in the design of site-specific mitigative structures, especially in
relation to Highways 93 and 95. As well, further research could be conducted into
alternative strategies for addressing the problem of highway and railway mortality,
especially for bighorn sheep.

•

Development of site-specific human use management plans. This would be
especially important in some corridors where human use is high or likely to increase
in the future.
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7.5.2

•

Refining the Corridor Network

Inventory of local and regional habitat patches. This is a necessary step to
conduct least-cost path analysis. As well, a better understanding of habitat patches
would allow for a better accounting of the role of motivational factors in accessing
certain habitat patches.

•

Linking identified corridors to a broader network. This would involve
considering corridors on a broader scale. For example: East Kootenay region, Yukon
to Yellowstone.

7.5.3

•

Model Refinement

Empirical testing of model assumptions. Refer to Section 5.3.5 for a description of
model assumptions and means of testing these.

•

Incorporation of "least-cost path" analysis. This would require a detailed
inventory of habitat patches as origin and destination points.

•

Development of a better understanding of relationships among variables. This
would involve better defining the relative importance or variables as well as possible
interactions between variables.

•

Refining disturbance coefficients. Instead of assigning the same coefficient to the
entire ZOI, different coefficients could be assigned to "slices" within the ZOI to
reflect the fact that disturbance decreases with increasing distance from the source.

•

Investigating means of more effectively identifying multi-species corridors. This
could involve the application of coefficients on a multiple-species basis.

•

More accurate definition of species-specific biological thresholds. Tolerance
thresholds for the movement of wildlife, in regards to such factors as steepness of
slope and human disturbance require further investigation.

•

Collection of better habitat suitability data. Habitat suitability data should be
season- and cohort-specific, cross-jurisdictional, GIS-compatible and based on
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explicit species-habitat models. There is a need for grizzly bear suitability ratings
outside of KNP.
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OF N O N - F O C A L SPECIES
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Below is a brief description of the status and habitat use of the principle non-focal
large to mid-sized mammalian species found in the study area.

1

UNGULATES

The East Kootenay region provides excellent habitat for ungulates. One of the unique
features of this region is the presence of large, mountainous areas of diverse summer
habitat for ungulates juxtaposed to productive winter habitats (CORE 1994). As snow
accumulates on summer ranges, animals such as elk, deer and bighorn sheep are forced
down into the lower elevation Rocky Mountain Trench and other major valleys for the
winter (CORE 1994).

1.1

MULE DEER

Pettigrew and Jackson (1980, in Poll et al. 1984) estimated the mule deer population of
the Kootenay Region to be approximately 15,000, comprising 4% of the provincial total.
Although mule deer have the capability to become widespread and numerous throughout
the study area, population trends indicate that their numbers are not as numerous as their
potential habitat would allow (Demarchi 1986). There appears to be a general agreement
among key informants interviewed for this study that mule deer numbers are on the
decline, while white-tailed deer numbers are rising within the study area.

Much like elk, mule deer utilize a wide variety of habitats. The mule deer is primarily a
species of Montane valley bottoms and low slopes but during summer they range at all
elevations, even occasionally to the Alpine Tundra zone (Poll et al. 1984). Observations
from local hunters in the Radium area confirm this pattern of use within the study area.
Indeed, during summer, mule deer are rarely seen at lower elevations, while in winter,
they are frequently observed using the benchlands, both above and below Highway 95.
This highway essentially bisects the mule deer's winter range and as a result, roadkill is a
common cause of mortality for this species during winter (R. Hoar, pers. comm. July
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1998). Mule deer do not make much use of the wetlands in winter (L. Ingham, pers.
comm. July 1998).

According to Poll et al. (1984), some mule deer remain within the boundaries of K N P
during winter where they concentrate on the south and west facing lower slopes adjacent
to Sinclair Cr. and its tributaries (i.e., John McKay, Kimpton, Redstreak and Kindersley
Creeks). Winter track count transects cited by Poll et al. (1984) revealed mule deer track
counts of 13 tracks/km-days along Redstreak Creek, 3.2 tracks/km-days along John
McKay Creek and 0.4 tracks/km-days along the upper portion of Sinclair Creek. As well,
track counts of 1.2 and 0.9 tracks/km-days were obtained on lower Stoddart Cr. in
February 1982. Poll et al. (1984) emphasized the importance to wintering mule deer in
K N P of maintaining undisturbed habitats along the lower, south and west-facing slopes
above Sinclair, McKay and Redstreak Creeks and above the Columbia valley.

1.2

WHITE-TAILED D E E R

It is estimated that there are approximately 16,000 whitetails deer in the Kootenay
District, comprising 65% of the provincial population (Pettigrew and Jackson, in Poll et
al. 1984). White-tailed deer do not migrate elevationally as mule deer and elk do but
rather, their range is restricted primarily to valley bottoms (A. Fontana, pers. comm. May
1998). Demarchi (1986) described summer range for white-tailed deer as consisting of
"floodplains and adjacent terraces, particularly when covered by dense forest". Demarchi
also mentioned the importance of well-developed riparian habitats as well as that of
cultivated fields as prime summer-time feeding sites. Within the study area, white-tailed
deer are observed using the benchlands during the growing season (L. Ingham, pers.
comm. June 1998). Local outdoorsmen interviewed for this study reported that in winter,
white-tailed deer make extensive use of the wetlands and can be seen in large numbers
there on any given day.
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Poll et al (1984) provided a description of white-tail deer habitat use specifically within
KNP, which is summarized in this paragraph. According to this source, between 1951
and 1984, approximately 10% of white-tailed deer observations within K N P were from
the Sinclair and Stoddart Cr. drainages, most other observations coming from the
Kootenay and Vermilion River valleys, which are located outside the present study area.
Most winters, white-tailed deer tend to migrate out of the park southwards into the
Kootenay valley or west into the Columbia Valley. However, white-tailed deer are
observed during winter in the Sinclair and Stoddart Creek drainages within the park.

1.3

MOUNTAIN G O A T

Mountain goat inhabit the higher elevation alpine habitats of the study area, particularly
around the Luxor Creek drainage (L. Ingham, pers. comm. June 1998). Biologists
familiar with the area reported that occasionally, especially in the spring, they will use a
mineral lick along Kindersley Creek, in the northern portion of the present study area (L.
Ingham, P. Holmes, pers. comm. May 1998).

1.4

MOOSE

Key informants interviewed stated that moose are a rare occurrence in the Columbia
Valley near Radium Hot Springs (L Ingham and P. Holmes, pers. comm. May 1998).
Use by moose appears to be limited to some of the side drainages. Consistent with this, I
did not encounter any sign of moose within the Columbia Valley but observed numerous
moose pellets in the spring of 1998 at the Kindersley #2 automatic counter, along the
lowermost portion of the deactivated Kindersley Creek Road (Fig. 3-2). As well, a bull
moose was photographed by an automatic camera attached to this trail counter in August
of the same year.
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2

CARNIVORES

2.1

BLACK BEAR

According to interviews with local hunters and wildlife managers, black bears are
ubiquitous throughout most forested portions of the study area. Black bears are
commonly sighted along the benchlands, especially in the spring when bears are
generally confined to lower elevations where the vegetation greens up earlier. Some
residents interviewed noted that bear sign was particularly common in gullies and moist
areas, where the vegetation is generally greener, as well as in aspen stands, which tend to
contain plentiful undergrowth. Black bears are believed to move up to higher elevations
during summer where they are frequently observed in avalanche chutes and cutblocks.
Generally speaking, however, black bears tend to remain at lower elevations than grizzly
bears. In the fall, black bears are often considered a nuisance as they frequently raid fruit
trees in residents' yards (R. Hoar, pers. comm. July 1998). Black bear will also use the
wetlands in summer and fall (Jamieson and Hennan 1998).

Within KNP, black bears have traditionally been considered common and widespread
(Poll et al. 1984). However, findings from more recent black bear research in Banff
National Park suggest that black bears may not be as common as once thought in the
Rocky Mountain parks (A. Dibb, pers. comm. July 1998).

2.2

COUGAR

The cougar is abundant in B.C. and the Rocky Mountains of Alberta (Poll et al. 1984).
Of the estimated 3500 cougars in B.C., 15 % occur in the Kootenay Region (Goodchild et
al. 1980 in Poll et al. 1984). The area around Radium Hot Springs offers prime habitat
for cougar, which is not considered a sensitive species in this area (T. Kinley, pers.
comm. July 1998). The high quality of the habitat can be largely attributed to the
abundance of prey, namely large ungulates. Although cougar are a wary species,
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sightings around populated areas are a regular occurrence, especially in winter when prey
species are concentrated on their winter range. Cougar are also reported to make use of
the wetlands where, some residents interviewed for this study speculate, they hunt deer.

Specifically within KNP, Poll et al. (1984) reported that of 68 warden records of cougar
between 1951 and 1977, 22% were from the Sinclair and 13% from the Stoddart Creek
watersheds. Poll et al. (1984) also reported the observation of cougar tracks by
maintenance personnel in the lower John McKay Creek drainage in the winter of 198182.

According to Poll et al. (1984), the main threats to cougar populations in the park are
hunting and habitat loss on adjacent private and provincial lands. These authors stressed
the importance of preserving low-elevation wilderness within the park for the continued
maintenance of this species. Moreover, Jalkotsky et al. (1999) found that in southwestern
Alberta, human use levels in excess of 250-500 users per month in both summer and
winter had the capacity to alienate habitat that could otherwise be used by cougars.
Conversely, these authors interpreted the lack of avoidance of low-use trails and low-use
roads by cougars in the winter as evidence that cougars can tolerate low levels of human
disturbance.

2.3

BOBCAT

Bobcat are considered a representative species of the Interior Douglas-fir Zone (Hope et
al. 1991a). They are found in warm, dry, forests of southern British Columbia (Apps
1996). Bobcats have a wide distribution and a broad prey base and use a variety of
habitat types (Kinley 1992). The present study area is located at the northern limit of
bobcat range in the Rocky Mountain Trench. As a result, bobcat densities in the Radium
area are relatively low (T. Kinley, pers. comm. July 1998). Also according to Kinley, a
biologist who studied bobcat in the Trench in the late 1980s, the lands above Highway 95
and up to an elevation of approximately 1070 m are good bobcat habitat due to the
presence of steep, rocky, broken terrain. Winter tracking and radio-telemetry work in the
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East Kootenay have shown that in bobcat winter habitat is restricted to elevations under
1200m(Kinley 1992).

2.4

WOLF

Pettigrew (1979 in Poll et al. 1984) reported that wolves are scarce and localized in
southern portions of B.C. and have been virtually extirpated from the Kootenay region.
No wolf packs are known to reside permanently within the study area. However, a longtime rancher in the area reports that wolf packs occasionally move through the Radium
area during forays up and down the Trench (D. Tegart, pers. comm. July 1998). Wolves
are also known to inhabit the Kootenay valley, which lies immediately east of the study
area (Poll et al. 1984). From 1951 to 1977, warden records indicated the odd wolf
sighting in the lower Sinclair and Stoddart drainages (Poll et al. 1984) while several
winters ago, wolf tracks were observed in the MacKay Creek drainage (A. Dibb, pers.
comm. July 1998). More recently, in November 1999, a lone radio-collared wolf was
documented traveling from the Kootenay to the Columbia valley via the Sinclair Creek
drainage (A. Dibb, pers. comm. May 2000). This wolf was reported to have crossed
Highway 93 several times between Sinclair Summit and the hot pools, then to have
traveled on the south side of the highway before crossing one last time at the Canyon
Campground to access the private lands north of Radium Hot Springs. In December
1999 the same wolf was observed reentering the park along the western boundary of the
park north of the hot pools.

2.5

BADGER

Badgers have recently been included on the Red list of species in British Columbia,
meaning that they are threatened or endangered (Newhouse 1999). Badgers usually
inhabit low-elevation grasslands and open forests. Accordingly, within the study area,
good badger habitat is concentrated primarily on the benchlands. Local residents
interviewed report that badger diggings are commonly observed throughout the
benchlands in the study area, especially below (i.e., west of) Highway 95 although actual
badger sightings are rare. Findings from the ongoing East Kootenay Badger Project
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(Newhouse 1999) suggest that the badger density in the Rocky Mountain Trench between
Canal Flats and Brisco is very low. Habitat loss and degradation due to forest ingrowth,
residential subdivisions, roads and other developments, in addition to shooting, trapping
and poisoning, appear to be contributing to the demise of the badger populations in the
East Kootenay region (Newhouse 1999).

2.6

COYOTE

Coyotes occur throughout B.C. with an estimated total population of 70,000 to 100,000
of which 15% occur in the Kootenay Region (Goodchild et al. 1980, in Poll et al. 1984).
Within KNP, it is reported that coyotes are common in the Kootenay and Vermilion
valleys and can also be found in the Sinclair and Stoddart watersheds (Poll et al. 1984).
Coyotes also appear to be abundant in the Columbia River valley. During fieldwork, I
encountered numerous tracks and scats all along the benchlands. Coyotes are a highly
adaptable species and are not considered sensitive to human presence. They make heavy
use of human-made and disturbed sites (Poll et al. 1984).

The diet of coyotes is varied and includes small to mid-sized mammals and ungulate
carrion. Coyotes will also prey on deer, sheep, goats and elk, especially in winter and
spring (Poll et al. 1984).
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1

WHY P L A N FOR WILDLIFE?

Several reasons exist why planners and land managers should concern themselves with
the preservation of wildlife species and their habitats (Duerkson et al. 1997, Noss and
Cooperrider 1994). These can be summarized as follows:

1. Quality of life. Although it is difficult to assign actual values to wildlife habitat,
most people realize that the presence of wildlife improves the quality of their lives.
For example, real estate prices tend to be higher in areas where natural habitats have
been preserved. Many people want a natural environment and wildlife habitat near
their home, work, school, and recreational areas.
2. Ethical and Moral Considerations. Many people recognize a value in nature that is
independent of its utility to us. As well, many people are concerned over the
phenomenal increase in the rate of species extinction that has occurred as a result of
population growth, technology and special interests. It is estimated that today, species
are being lost at a rate approximately 100 faster than the natural rate.
3. Recreational. Wildlife provide for a variety of recreational opportunities such as
bird watching, wildlife viewing, fishing, and hunting.
4. Economic Importance. The protection and preservation of wildlife often can
generate significant revenue for an area in terms of tourism and/or hunting and
fishing. This is particularly true in the Radium Hot Springs area where high wildlife
values attract visitors from all over the world. When people visit an area to hunt, fish
or simply observe wildlife, they inject money in the provincial and local economies
through the purchase of licenses as well as through the use of services such as guideoutfitters, hotels and restaurants.
5. Ecosystem Services. While the above represent valid reasons for protecting wildlife
and their habitat, the most compelling reason of all may simply be the importance of
protecting our natural ecosystems. As humans we are not separate from, but a part of,
the natural world. Although modern technologies have allowed us to buffer ourselves
to some degree from the influences of natural ecosystems, in the long run our survival
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depends on the health of these. As part of the natural food web, wildlife form an
integral part of ecosystems. The removal of even one species from the system can
have subtle, yet lasting impacts on the whole system. Therefore, even if we see no
direct benefit to wildlife, we have a responsibility to preserve the integrity of
ecosystems for the health and survival of future generations.

2

WILDLIFE O B J E C T I V E S WITHIN T H E STUDY A R E A

As was illustrated in the above section, a number of reasons exist for considering wildlife
in the planning process. On a more formal level, the needs of wildlife have been
recognized in the legislative and policy framework of the various agencies that have
jurisdiction over lands in the study area.

2.1

PARKS CANADA

The National Parks Act states that" the National Parks of Canada are hereby dedicated to
the people of Canada for their benefit, education and enjoyment and shall be maintained
and made use of so as to leave them unimpaired for the enjoyment of future generations"
(as cited in Parks Canada 1997). The Act also states, "the maintenance of ecological
integrity through the protection of natural resources shall be the first priority when
considering park zoning and visitor use in a management plan". Ecological integrity is
defined in Park Canada's Guiding Principles and Operational Policies (1994) as "a
condition where the structure and function of an ecosystem are unimpaired by stresses
induced by human activity and are likely to persist". Finally, the Guiding Principles
document espouses ecosystem management as a means of protecting ecological integrity.
"Ecosystem management provides a conceptual and strategic basis for the protection of
park ecosystems. It involves taking a more holistic view of the natural environment and
ensuring that land use decisions take into consideration the complex interactions and
dynamic nature of park ecosystems and their finite capacity to withstand and recover
from stress induced by human activities".
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2.2

B . C . MIN. O F ENVIRONMENT, L A N D S A N D P A R K S

Demarchi and Demarchi (1994) summarized the policy framework of the M E L P with
respect to wildlife as follows:

2.2.1

Mission

The mission of the M E L P is to "manage, protect and enhance the environment for the
benefit of current and future generation".

2.2.2

Strategic Goal

The proposed Strategic Goal of the M E L P , Wildlife Branch is to "maintain the province's
wildlife resources for the benefit and enjoyment of British Columbians - by maintaining
an optimal balance between ecological, cultural, economic and recreational needs".

2.2.3

Working G o a l s

Under this Strategic Goal, are five working goals:
1. To maintain and enhance wildlife and their habitats, and thus ensure an abundant,
diverse and self-sustaining wildlife resource throughout BC.
2. To maintain, enhance, and promote opportunities to appreciate, study and view
wildlife in their habitats.
3. To maintain, enhance and promote recreational opportunities to hunt game species in
their habitats
4. To facilitate commercial uses of wildlife
5. To protect people and their property from intolerable levels of danger, damage, or
harassment by wildlife.
Working Goal 1 is the overriding priority of the Wildlife Program.
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2.2.4

Management G o a l s for Bighorn Sheep

From the Working Goals described above, goals and objectives specific to bighorn sheep
management were derived for the plan titled "Rocky Mountain Bighorn Sheep in the
Kootenay Region: A Habitat and Population Enhancement Plan to 2004" (Demarchi and
Demarchi 1994). The main goals of this plan are to:
•

Ensure the maintenance of healthy BHS populations and habitats.

•

Make the Kootenay Region a North American showcase of bighorn management.

•

Achieve public participation and support in the bighorn management process

•

Provide British Columbians with the greatest possible benefit from bighorn via an
optimal allocation process.

2.2.5

Management Goals for Elk

The overall harvest management goals and strategies for elk for the province as well as
for the East Kootenay Sub-region are outlined in Raedeke (1998). According to this
source, provincially, the basic goal for elk is to optimize viability within the ecosystem
while allowing for options and opportunities associated with viewing and hunting. The
management strategy in the East Kootenay Sub-region is to increase elk populations from
20,000 to 23,000 while simultaneously maintaining maximum hunter opportunity,
commercial utilization and minimum impact to the agricultural industry.

2.3

R E G I O N A L DISTRICT O F E A S T K O O T E N A Y

There are no provisions in the policy documents of the Regional District of East
Kootenay that deal specifically with wildlife (K. Gilbert, May 2000).
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2.4

C O R E ( E A S T K O O T E N A Y L A N D - U S E PLAN)

The East Kootenay Land Use Plan developed as a result of the CORE process contains a
provincial Land Use Charter, which describes the principles of environmental
sustainability adopted by the government of British Columbia. These are listed as
follows (CORE 1994):
1. The Province shall maintain and enhance the life-supporting capacity of air,
water, land and ecosystems. The Province shall respect the integrity of natural
systems, and will seek to restore previously degraded environments.
2. The Province shall conserve biological diversity in genes, species and ecosystems.
3. The Province shall attempt to anticipate and prevent adverse environmental
impacts. When making land and resource decisions, the Province shall exercise
caution and special concern for natural values, recognizing that human
understanding of nature is incomplete.
4. The Province shall ensure that environmental and social costs are accounted for in
land, resource use and economic decisions.
5. The Province shall recognize its responsibility to protect the global environment,
to reduce consumption to sustainable levels, to avoid importing or exporting
ecological stresses, and to help meet the global challenge of sustainably
supporting the human population.
6. The Province shall protect the environment for human uses and enjoyment, and
will also respect the intrinsic value of nature.

2.5

K O O T E N A Y / B O U N D A R Y L A N D U S E P L A N IMPLEMENTATION
STRATEGY

The Kootenay/Boundary Land Use Plan Implementation Strategy (Kootenay InterAgency Management Committee 1997) includes guidelines for the management of
regional connectivity. The intent of the guidelines is to "maintain opportunities at the
regional level for genetic exchange between populations and for gradual shifts in the
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distribution of whole ecosystems in the face of catastrophic events". In addition, a
general management approach is included as follows:
"The above intent will be achieved by applying the following general measures:
• the viability and effectiveness of core protected areas, as has been
identified through the Goal 1 process of the Protected Areas Strategy, is
enhanced through support zones and regional landscape connectivity (i.e.
linkage corridors) which creates a network for genetic exchange and
dispersal
• connectivity corridors to provide for the seasonal migration of a variety of
species which therefore requires efforts to minimize further humandevelopment linear barriers and rehabilitate existing barriers where
appropriate".

2.6

C O L U M B I A W E T L A N D S WILDLIFE M A N A G E M E N T A R E A

A vision and goals for the Columbia Wetlands W M A were developed to reflect the views
of the public and to provide direction for the management of the W M A (Jamieson and
Hannen 1998). Those pertaining specifically to wildlife are listed here:
Vision:
•

The Columbia River Wetlands will continue to function as a flood-plain ecosystem
with a complex biological community governed by natural and fluvial and ecological
processes.

Goals:
•

To maintain self-sustaining populations of indigenous fish, wildlife and plant species
in the Columbia Wetlands W M A .

•

To maintain wildlife populations at the long term sustainable carrying capacity of the
natural habitats in the W M A .

•

To manage wildlife populations and plant communities to ensure balance and the
continuance of all indigenous species.
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2.7

V I L L A G E O F RADIUM HOT SPRINGS

In April 2000, the Village of Radium made several amendments to Section 12.3 of its
Official Community Plan (Village of Radium 1992) to describe more explicitly the terms
under which with the natural values within it municipal boundaries are to be preserved
(L. Green, pers. comm. May 2000). The following sections deal specifically with
wildlife and have direct implications for the present study:

Section 12.3.6: "Council's policy is to balance economic and recreation use of the land
with the protection and enhancement of areas of natural habitat for Rocky Mountain
Bighorn Sheep and other wildlife habitat."
Section 12.3.7: " It is Council's policy to designate the following areas as
Environmentally Sensitive:
The marshlands along the Columbia River and the delta where Sinclair Creek
enters the Columbia River;
A corridor along Sinclair Creek designated as park land on the future Land Use
Map;
The forested slopes on the steep bank below Foresters Landing Road and below
Highway 93, which is designated as parkland on the future Land Use Map;
Wildlife migration routes and the natural habitat for the Rocky Mountain Bighorn
Sheep and other wildlife."
Section 12.3.8 "It is Council's policy to prevent development that would have a negative
impact on environmentally sensitive areas."

3

IMPACTS O F D E V E L O P M E N T AND HUMAN ACTIVITY ON
WILDLIFE

3.1

INTRODUCTION

In their report on wildlife corridors in the Bow Valley, Paquet et al. (1994) affirmed that
the encroachment of human disturbance represented the single largest threat to the
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persistence of wildlife populations in the Bow River Valley. According to the same
authors, while individual developments (i.e. highways, tourist resorts, recreational
facilities, etc.) may exhibit minor impacts, the cumulative impacts of these developments
is much more significant. This problem is evidently not unique to the Bow Valley as
Duerkson et al. (1997) wrote: "the cumulative impact of land development often has a
devastating impact on natural ecosystems, and that impact extends far beyond the
boundaries of developed areas". More specifically, Axys Environmental Consulting Ltd.
(1998) stated that potential impacts on wildlife from increased development and/or
recreational activity may occur from the individual or combined effects of:

3.2

•

Habitat fragmentation

•

Sensory disturbance and reduced habitat effectiveness

•

Blockage of movements

•

Direct mortality

HABITAT F R A G M E N T A T I O N

Habitat fragmentation constitutes the most serious threat to biological diversity and is the
primary cause of the present extinction crisis (Wilcox and Murphy 1985). It is generally
considered to have two components: (Meffe and Carroll 1997, Wilcox and Murphy
1985):
•

Habitat Loss: This component refers to the reduction of the total amount of a
habitat type through land clearing or conversions. For example, direct habitat loss
occurs when a forest is clear-cut, a marsh is drained or grassland is converted to a
shopping mall.

•

Insularization: This occurs when the remaining habitat is divided into smaller,
more isolated patches that are either too small to be viable habitat, or are not
accessible from other habitats. While the latter component is fragmentation in the
literal sense, it usually is associated with widespread habitat destruction.
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Typically, the end result of these two processes is a patchwork of small natural areas in a
sea of developed land. Within the Radium study area, habitat loss and fragmentation
have resulted from:
•

The conversion of natural habitat into hayfields

•

Forestry-related activities and facilities (e.g. logging, Christmas tree farming,
sawmills)

•

The clearing of land for settlement purposes

•

The development of transportation and utility rights-of-way (e.g. highways,
secondary roads, railway, transmission lines, etc.)

•

The development of recreational facilities (e.g. golf courses, campgrounds)

Fragmentation can ultimately jeopardize the viability of wildlife populations. Wilcove
(1987, in Morrisson et al. 1992) identified four ways that fragmentation can lead to local
extinction:
1. A species can be initially excluded from the protected patches;
2. Patches can fail to provide habitat because of decrease in size or loss of internal
heterogeneity;
3. Fragmentation causes smaller, more isolated populations that are at greater risk
from catastrophes, demographic variability, genetic deterioration, or social
dysfunction;
4. Fragmentation can disrupt important ecological relationships; this can cause
secondary extinctions from loss of key species and adverse influences of external
alien environments and edge environments.

3.3

SENSORY DISTURBANCE

Limited information exists on the tolerance of wildlife to human disturbance (Paquet et
al. 1994). Wildlife responses to sensory disturbance can range from elevated heart rates
to more overt reactions such as flight and medium to long-term abandonment of local
habitat (Axys Environmental Consulting 1998). Overt behavioural responses may be
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energetically expensive and disruptive to an animal's normal activity pattern (McLellan
and Shackleton 1989). Repeated flight and avoidance from preferred habitat can result in
reduced access to food and thermal cover, effects that are particularly critical during
winter (Axys Environmental Consulting Ltd. 1996). Displacement to less favourable
habitats can negatively affect animal condition and ultimately, survival.

Several factors typically affect the severity of an animal's response to disturbance:
•

Type of species. Behavioral response to (e.g. grizzly bears and wolves are
generally more sensitive than ungulates)

•

Nature of the stimulus. Various stimuli, such as dogs barking, motorized
vehicles or hikers will elicit different responses in animals.

•

Spatial distribution of the stimulus. Dispersed human activity is generally more
harmful than concentrated activity (Cole 1993). Cole adds that increasing use
levels in places that are already heavily used will probably have few negative
effects; however, minimizing use levels in undisturbed areas may have
considerable positive effects. According to Cole, unless use levels are quite low,
dispersal may not dilute impacts; it may merely result in more widespread
disturbance.

•

Environmental factors. The quality and type of habitat and topography where
the stimulus is encountered may influence the degree of disturbance. For
example, McLellan and Shackleton (1989) found that cover was important in
reducing responses of grizzly bears to terrestrial human activities. Similarly,
Ward et al. (1976) speculated that background noise due to wind on the overstory
vegetation could effectively mask sounds caused by human activity, thus
minimizing disturbance.

•

Previous experience. McLellan and Shackleton (1989) demonstrated how
grizzly bears' reactions to humans on foot were stronger in the backcountry,
where human presence is less expected, than reactions near centres of human
activity such as near roads and settled areas. A similar pattern of response was
observed in bighorn sheep in the Sheep River Wildlife Sanctuary in southern
Alberta (MacArthur et al. 1979). Moreover, a hunted population is generally
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more sensitive to humans than a non-hunted population. For example, elk
residing in the Banff town site show little or no fear of humans while Ward et al.
(1976) reported strong responses by elk in a hunted population to the presence of
humans and the sound of gunshots. There is general consensus among
researchers that the response of species to a particular disturbance is complex
depends largely on disturbance history (Cole 1993).

A n extreme form of sensory disturbance is harassment, whereby the disturbance is aimed
directly at wildlife. For example, in the fall of 1999,1 witnessed several children yelling
at close range at a group of bighorn sheep ewes near the Radium hot springs, causing the
sheep to move further upslope from their current foraging area. As well, stray dogs have
been observed chasing after sheep within the town of Radium (B. Swan, pers. comm.
May 1998). Such disturbances can be especially detrimental during the winter season
when ungulates use more energy than they obtain from the food they eat. Disturbances
that increase activity levels in ungulates also increase the rate at which energy reserves
are used and may jeopardize their ability to survive and reproduce the following year
(Pac and Mackie 1981).

Areas that currently provide wildlife habitat may be abandoned by some species if
sensory disturbances become too great. This phenomenon is generally referred to as
'reduced habitat effectiveness' or 'habitat alienation'. For example, Paquet et al. (1996)
found that wolves will abandon high quality habitat if human use exceeds 100 people per
month. Similarly, Mattson (1990) cited a number of studies showing that grizzly bears
underuse areas near human activity, such as roads and campsites. Moreover, Pac and
Mackie (1981), in a study of the effects of subdivisions on deer, remarked that the
activity and noise associated with subdivisions caused deer to concentrate on portions of
disturbed areas that still provided secure habitats. This, they believed, increased
competition for food among the deer and forced them to use marginal habitat at higher
elevations. It is reasonable to assume that ungulate populations within the present study
area also experience some degree of habitat alienation associated with human activity.
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Because sensory disturbance does not affect all species to the same degree, some areas
may be abandoned by more wary species such as large carnivores but not by less
sensitive species such as ungulates. Such a situation may result in imbalances in
predator-prey relationships. The overabundance of elk in and around the Banff town site,
due in part to the lack of predation by wolves, is one example of how natural
relationships can be altered by human activity.

3.4

B L O C K A G E OF MOVEMENT

In order to survive, animals must exploit their environment. This is generally
accomplished by traveling within a familiar home range (Axys Environmental Consulting
Ltd. 1996). For some species, such as wolves and grizzly bears, individual annual home
2

ranges are very large, often in the order of 1000 km (Noss et al. 1996). Ungulates in
mountainous landscapes undertake seasonal migrations in response to weather and forage
conditions (Woods 1991). Human activities can hinder the movement of species in terms
of displacements within a home range, seasonal displacements between summer and
winter habitats, or dispersal movements of individuals seeking new home ranges (Axys
Environmental Consulting Ltd. 1998). Because a certain amount of mobility is essential
to animals for their survival, it follows that the obstruction of movements (i.e. blockage
of corridors) may have serious consequences to wildlife.

Barriers to movement may be physical, such as a fence or major road, may be created by
the removal of adequate cover, such as in the case of an open field, or may correspond to
an area where sensory disturbance has surpassed the species' or individual's threshold of
tolerance, such as in the case of a residential area or other setting where human activity
level is high. It is probable that most forms of human development involve, to some
degree, both physical and sensory obstruction (Axys Environmental Consulting Ltd.
1996). The presence of both physical and sensory barriers to movement along natural
travel corridors may displace wildlife from traditional paths, force them to adopt
alternative routes, or lead to permanent abandonment of habitat that was once contiguous
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or connected by the route (Paquet et al 1994). Fences may exacerbate the problem by
preventing the natural movement of species over their home range (Paquet et al. 1994).

Within the study area, roads and areas of high human activity may represent barriers to
movement. Key informant interviews revealed that elk and deer sightings were more
frequent along Highway 95, north of the town of Radium compared to along the same
highway south of the town. One explanation for this is that the sensory disturbance levels
along the highway south of Radium, both in the form of traffic and strip development on
either side of the transportation corridor, is higher south of Radium creating a more
effective barrier to movement.

Fences represent potential physical barriers to movement within the study area,
particularly on the benchlands where private land holdings predominate. Although it is
unlikely that these fences pose absolute barriers to movement for most large mammalian
species, fences can alter normal movement patterns due to the added energy expenditure
required to cross them. P. Komers (pers. comm. February 1998) has observed deer
'walking the fence line', an indication that some large animals, especially during winter,
may be unwilling to expend the extra energy needed to cross them. As well, some injury
may be caused by fences, especially barbed wire ones, when animals either leap over
them or dodge underneath them.

3.5

DIRECT MORTALITY

Roads can be a cause of mortality when wildlife attempting to cross them are struck by
vehicles. In an increasingly developed landscape, many wildlife species become more
susceptible to direct mortality as a result of increased exposure to road and highway
crossings (Axys 1996).

Key informants interviewed for the present study have indicated that highway mortality is
a serious issue in the study area, especially along Highway 95. North of Radium, mule
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deer appear to be the primary victims. Wildlife mortality data from the B.C. Min. of
Environment show that an average of 6 deer (species unspecified) were killed annually
between from 1995 through 1997 on Highway 95, along a 10 km stretch immediately
north of Radium. The situation takes on a more serious character when one considers
that, on average, 80% of roadkills go unreported (L. Sielecki, pers. comm. August 1998).

As discussed earlier in Section 2.2.1 of the main text, Poll et al. (1984) described
collisions with vehicles as the primary cause of mortality for sheep in KNP. Such
collisions appear to take place both within and outside of the park's boundaries. An
alarming number of sheep are regularly killed along Mile Hill, the section of Highway 95
located just south of Radium within the sheep winter range. There were a total of 12 or
13 known vehicle-related sheep mortalities in 1999 in the Radium area - both inside and
outside the park (A. Dibb. pers. comm. May 2000). Most roadkills occur during the
winter months when animals are concentrated on the winter range. The CP railway also
takes its toll. Reportedly, 2 to 3 bighorn sheep are killed on the railway just below the
Radium golf course every winter (R. Hoar, pers. comm. July 1998).

With ever-increasing traffic volumes on the highways, one can only assume that roadrelated mortality will worsen in the future. One obvious way to reduce roadkill is to
modify the road or railway such that animals can cross safely under or over it. However,
such crossing structures can act as filters, allowing some individuals to cross but not
others (P. Paquet unpublished data, in Noss et al. 1996).

Another source of mortality associated with increased human activity and development
involves animals that have to be killed through 'control measures' in order to ensure
public safety against the risk of aggressive encounters by habituated animals (Axys
Environmental Consulting Ltd. 1996). In this sense, centres of human activity can
become 'mortality sinks' causing a drain on local and regional populations. One such
example took place during the summer of 1999 at Fairmont Hot Springs. In this instance
a grizzly sow and her cub had made a habit of regularly frequenting the resort area and
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had to be destroyed by conservation officers since it was felt that these bears posed a
substantial threat to public safety.

Finally, roads make it easier for hunters to access remote areas, which may result in
increased hunting pressure.

4

CONSERVATION BIOLOGY AND ITS IMPLICATIONS FOR
THIS STUDY

4.1

INTRODUCTION

The concept of wildlife movement corridors is based on the principles of conservation
biology. More specifically, wildlife corridors are an integral part of the model of reserve
networks put forth by Reed Noss and his colleagues in the past two decades. Because the
present study is implicitly based on these foundations, a brief overview of some of the
key elements underlying the concept of wildlife movement corridors is provided herein,
with specific reference to the present study area.

4.2

G O A L S OF CONSERVATION BIOLOGY

"The overarching goal of conservation biology is to maintain the native biodiversity of a
region in perpetuity"(Noss 1992). Biological diversity consists of the combinations of
biological matter at many levels of scale, from heritable traits that occur within species to
the communities that makes up an entire landscape (Noss and Cooperrider 1994). Noss
(1992) identified four fundamental objectives that are consistent with this goal of
maintaining biological diversity:
•

Represent, in a system of protected areas, all native ecosystem types and serai
stages across their natural range of variation.

•

Maintain viable populations of all native species in natural patterns of abundance
and distribution
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•

Maintain ecological and evolutionary processes, such as disturbance regimes,
hydrological processes, nutrient cycles, and biotic interactions, including
predation.

•

Design and manage the system to be responsive to short-term and long-term
environmental change and to maintain the evolutionary potential for change.

While all of these objectives are essential to the maintenance of biodiversity, the present
study focuses more specifically on the second objective, which deals with ensuring the
viability of native populations, in this case of large mammals.

4.3

R E S E R V E DESIGN

4.3.1

Traditional Parks: Incongruity between Ecological and Reserve
Boundaries

Noss (1992) argued that most national parks and other large nature reserves were
established according to aesthetic or recreational criteria, or simply because they
contained little of value in terms of extractable resources. Ecological considerations did
not factor into the design of parks and as a result, existing park boundaries often do not
conform to ecological boundaries such as watersheds, mountain ranges, or other
physiographic or biogeographic features that define natural regions (Noss and
Cooperrider 1994). Moreover, Noss (1992) stated that most parks and other reserves are
too small to maintain populations of wide-ranging animals over the long-term or to
perpetuate natural processes. The lack of conservation science affected not only the way
parks were designed but also how they were managed. Traditionally, parks were
managed as separate entities in the landscape, with no regard for the scale at which
ecological processes take place (Noss and Cooperrider 1994).

The case of Kootenay National Park is an example of how, historically, the needs of
wildlife did not always factor into design decisions. To begin with, the park was
established as a strip of land on either side of the proposed Banff-Windermere road, the
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idea being that the road would provide visitors with "the opportunity to view the wildlife
and geographical features preserved in the park" (Parks Canada 1979). Obviously,
decision-makers at the time did not understand the negative impacts that such a road
could have on the viability of the wildlife populations they wanted to preserve.
Moreover, while the southern portion of Kootenay Park contains important transitional
and summer for bighorn sheep, the critical winter range remains largely unprotected
under private and provincial ownership. An ecologically sounder approach to park
design would have called for the inclusion of the sheep winter range within the park
boundaries, thus ensuring the protection of year-round habitat for the sheep herd.

4.3.2

Moving Beyond the Island

In the 1970s, a new conservation science was beginning to emerge, based largely on the
equilibrium theory of island biogeography (Noss and Cooperrider 1994). This theory
suggests that the number of species on an island represents a balance between
colonization and extinction (MacArthur and Wilson 1967, in Noss and Cooperrider
1994). By elucidating the role of dispersal in the maintenance of biodiversity, this theory
helped explain why large islands and islands in proximity to the mainland have a greater
diversity of species than smaller and more isolated islands. The analogy was then made
between islands and terrestrial habitat patches isolated by the growing fragmentation of
the surrounding landscape. Accordingly, it was predicted that small isolated reserves
were doomed to lose species. Noss and Cooperrider (1994) stated that a growing body of
evidence has since been proving this prediction to be correct and it has now become
apparent that the old model of isolated parks was inadequate to preserve biodiversity.

In the 1970s, a new model of reserve design was developed, referred to as the biosphere
reserve model. This model represented an important step toward better integration of
reserves and their surroundings (Noss and Cooperrider 1994). According to the
biosphere model, strictly protected core zones are surrounded by one or more buffer and
transitional zones, which may contain areas for research, restoration, monitoring, and
compatible human settlements (Noss and Cooperrider 1994). Noss and Cooperrider
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(1994) remarked, however, that although this is a valuable model, "the biosphere model
has had little effect in increasing the amount of protected space worldwide". The
problem is that most biosphere reserves were established around pre-existing parks and,
in the United States at least, generally lack buffer zones.

4.3.3

Reserve Networks

In the early 1980s, the concept of reserve networks was developed by scientists who
looked at conservation opportunities from a landscape or regional perspective and
emphasized the need for animals to move between reserves or other areas of favourable
habitat (Noss and Cooperrider 1994). The premise upon which the reserve network
model was developed is that a well-connected network of reserves might be more
effective than individual reserves in providing the elements necessary to preserve all
native species.

In simplified form, the regional network model consists of two or more core reserves
connected by broad corridors, surrounded by a gradation of buffer zones, and connected
to other regions by interregional corridors. A brief description of the basic elements of
the regional network model is provided below.

4.3.3.1 Core Reserves
Core reserves are areas that are managed primarily to maintain or restore their natural
values (Noss 1992). They represent the backbone of regional reserve systems (Noss and
Cooperrider 1994). In the present study area, Kootenay National Park and the Columbia
River Wetlands could be considered core reserves although, like most core reserves in
North America, these do not represent pristine ecosystems exempt from human
influences.
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4.3.3.2 Multiple-Use Buffer Zones
In most regions, a system of core reserves is necessary, but not sufficient, to maintain
biodiversity (Noss 1992). Buffers need to be added to reduce adverse impacts from
adjacent land uses such as sensory disturbances and pollutants (Paquet et al. 1994).
While inner buffer zones should be strictly protected, outer zones may allow a wider
range of compatible human uses (Paquet et al. 1994). Appropriate activities in buffer
zones might include non-motorized recreation (including fishing and hunting, unless they
pose a threat to sensitive species), selection forestry, light grazing and small-scale
subsistence agriculture (Noss and Cooperrider 1994). The major functions of multiple
use buffer zones are to (Noss 1992):
•

Ameliorate physical and biotic edge effects, which can be a serious problem in
small reserves;

•

Protect core reserves from poaching and other harmful human activities that
otherwise would be intense near reserve boundaries;

•

Protect developed areas from depredating large mammals (such as grizzly bears
and wolves);

•

Protect private forests and settlements from fires originating in core reserves

•

Provide supplementary habitat to native species inhabiting a core reserve, thus
increasing population size and viability; and

•

Provide connectivity for movement among reserves.

Within the present study area, there is no formalized system of buffer zones. The lack of
a buffer is particularly evident in the immediate vicinity of Radium Hot Springs where a
number of residential and recreational developments, such as the Springs at Radium Golf
Resort, the Radium Chalet and the Canyon Campground, abut directly against the
western boundary of the park. However, because much of the land to the north of
Radium is either private land contained within the Agricultural Land Reserve or under
provincial jurisdiction, the implementation of a buffer zone in this area may still be
feasible.
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4.3.3.3 Connectivity
Connectivity is, in essence, the opposite of fragmentation. Instead of breaking
landscapes into pieces, this essential component of the reserve network model seeks ways
to preserve existing connections and restore severed connections (Noss and Cooperrider
1994). Most ecologists agree that connectivity between landscapes and habitats is an
essential ingredient in the conservation of biodiversity (Paquet et al. 1994). Conservation
theory suggests that by protecting landscape linkages between the remaining patches of
habitat we can prevent or forestall the future loss of species (Paquet et al. 1994).

While landscape linkages, or corridors, can serve a variety of purposes, the main role in
biological conservation is to serve as a conduit for movement. Within this context, the
term movement is meant to include several biological functions: a) daily and season
movements of animals within home ranges; b) dispersal, consequent gene flow between
populations, and rescue of small populations from extinction and c) long-distance shifts
of species, such as in response to climate change (Noss 1993). Connectivity can be
achieved in two ways: 1) by preserving naturally occurring landscape linkages and 2) by
restoring linkages that have become severed by roads, urban development, clearcuts and
other barriers to movement (Noss 1991).

4.3.3.4 The Debate over Connectivity
While the idea that connectivity between reserves or habitat islands can reduce the risk of
extinction in metapopulations has many supporters (Paquet et al. 1994, Walker and
Craighead 1997, Noss 1993, Beier and Loe 1992), this concept has been the subject of
debate in ecological literature. Some ecologists point to the lack of empirical evidence to
satisfactorily demonstrate wildlife use of corridors or to support the theory that corridors
lessen the risk of extinction (Simberloff et al 1992). More specifically, critics argue that
conservationists have failed to falsify the null hypothesis of no effect of corridors. Noss
(1991) has countered, however, that an alternative null hypothesis exists, which states
that there is no effect of fragmentation. According to Noss (1991), testing the latter null
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hypothesis is the more prudent course, as it errs on the side of preservation. The null
hypothesis of no effect of fragmentation has been tested and falsified, repeatedly, in
many parts of the world (Noss 1991). Noss concluded that we should reject the null
hypothesis of no effect of fragmentation and consider maintenance of habitat corridors a
viable option for conservation. We have a lot to learn, however, about the management
of specific corridors for biodiversity and human use combined (Noss 1991). Nonetheless,
if, as Wilcox and Murphy (1985) argued, habitat fragmentation is the most serious threat
to biological diversity and is the primary cause of the present extinction crisis, and if, as
stated earlier, connectivity is essentially the opposite of fragmentation, then the
preservation and restoration of landscape linkages does indeed appear to make good
ecological sense.

4.4

4.4.1

IMPLICATIONS O F C O N S E R V A T I O N B I O L O G Y F O R PLANNING A N D
MANAGEMENT

Introduction

While the principles of conservation biology and the theory of regional reserve networks
are largely conceptual in nature, they have many implications for land-use planning and
wildlife management. The most important of these implications are reviewed below.

4.4.2

Ecosystem-based Management

Ecosystem-based management is a relatively new management paradigm that is
consistent with the concepts of biosphere reserves and reserve networks. This
management paradigm was formally espoused by Parks Canada in 1994 when it was
incorporated into its Guiding Principles and Operational Policies (Parks Canada 1994).
Ecosystem-based management is based on the premise that most parks are, by
themselves, incomplete ecosystems. Ecological integrity can only be achieved by
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managing the landscape as a whole. Hence, to be effective, ecosystem-based
management "requires the understanding and collaboration among all those whose
activities influence the ecological integrity of the park" (Parks Canada 1994).

4.4.3

Use of Best Available Information

Ecosystem-based management also requires an understanding of the ecological processes
that drive the ecosystem as well as of the ingredients necessary to ensure the persistence
of native populations over time. This understanding is in most cases in its infancy.
However, our lack of knowledge of how ecosystems work must not prevent us from
implementing the basic principles of conservation biology because, as Noss (1993) put it,
"the forces that degrade ecosystems will not wait for the advice of scientists". Noss
(1992) suggested, "the most prudent course for conservation is to proceed on the basis of
the best available information, rational inference, and consensus of scientific opinion
about what it takes to protect and restore whole ecosystems."

4.4.4

Species Presence v s . Species Persistence

Maintaining biological diversity in perpetuity implies the persistence of native
populations. It is imperative to distinguish between species presence and species
persistence (S. Herrero, pers. comm. July 1999). Often, we tend to believe that all is well
when a species of interest is present of the landscape. How long that species will persist
given current or changing conditions, is not well understood, however. The fact that a
species is present in a landscape does not imply that it will persist in the long run. The
distinction between presence and persistence becomes even more crucial if we consider
the fact that many landscape changes occur faster that we can comprehend the impacts
(Paquet 1999). In his comment, Paquet was specifically referring to the fast pace at
which natural habitats are converted for the purposes of development. This is especially
true of long-term impacts, which may be very subtle and take decades to manifest
themselves. We do know, however, that the loss and modification of habitat often results
in the fragmentation and isolation of populations into small subpopulations (Paquet et al.
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1994). Over time, small populations are more prone to extinction than larger ones due to
a number of factors such as: random normal variability in demographics, inbreeding, loss
of genetic variability, as well as chance environmental disturbances such as forest fires,
disease, or infestations of either a given species or its prey (Paquet et al. 1994).

4.4.5

The Importance of Scale

Noss (1991) stressed the fact that problems in conservation biology exist at many
different spatial and temporal scales. Likewise, conservation strategies, or solutions to
these problems, are applicable at multiple scales. It is fundamental that the proposed
solution match the scale and nature of the problem. For example, while maintaining
wooded fencerows may help certain species of mice travel among woodlots, this strategy
will do little for wolves. Similarly, a strategy that maintains biodiversity in the short term
may fail to preserve viable populations and ecological integrity over a longer time span.

Apps (1997) noted that the conservation value of potential linkage zones for grizzly bears
depends on broader-scale land management strategies and finer-scale planning and
mitigation. At the broadest scale, Apps explained, implementation options should be
considered within the context of existing and evolving regional and landscape-level landuse plans. Resource management zoning, biodiversity emphasis designations, and land
tenure are examples of possible broad-scale management options. At the finest scale,
agricultural land reserve restrictions, local community settlement plans, and "buy-in"
from private land owners may assist in the maintenance of functional connectivity (Apps
1997).

4.4.6

Need for Corridor Networks

Different species disperse through different types of habitats. As a result, it makes sense
to optimize the width and variety of natural habitat within landscape linkages so as to
accommodate the dispersal requirements of as many native species as possible (Noss
1991). An example of an ideal corridor is one that encompasses the entire topographic
gradient and habitat spectrum from river to ridge top. In landscapes where wide corridors
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are no longer available due to human encroachment, multiple corridors - or corridor
networks - might offer a feasible alternative. Besides allowing for the inclusion of the
full range of native habitats, a corridor network may provide insurance against the
destruction of single corridors by catastrophic disturbances (Forman and Godron 1981, in
Noss 1991). Indeed, "ecological factors that determine the availability and quality of
wildlife corridors are dynamic and these elements can be expected to change seasonally
and among years" (Paquet et al. 1994); hence, the value of multiple corridors, or corridor
networks.

4.4.7

Importance of Considering Wildlife Needs Early in the Planning
Process

Too often, people are pushed into action only when a situation reaches crisis proportions.
Of course, it is easy to believe that all is well when on the surface things appear that way
even though, on a more subtle level, the signs of stress may be there. This is true in the
case of planning for the needs for wildlife. As long as people do not notice a marked
difference in wildlife abundance or diversity, there is a tendency not to worry too much
about the potential long-term impacts of land-use decisions. However, as discussed
above, the difference between species presence and persistence is a fundamental one. In
order to ensure the persistence of native populations in perpetuity, it is imperative to
integrate the needs of wildlife early in the planning stage when the options for preserving
key habitats and connectivity are still available.

A case in point is that of Canmore, Alberta where work conducted by the Bow Corridor
Ecosystem Advisory Group (1999a) has provided a useful framework for developing a
wildlife movement corridor network in an area of high human development. Authors of
the B C E A G study concede, however, that within their study area, wildlife corridors and
habitat patches are, essentially, a product of "what is left". Moreover, a recent study
assessing the design and functionality of wildlife movement corridors in the Southern
Canmore region (Herrero and Jevons 2000) revealed that identified corridors in this area
did not meet the design standards put forth by the B C E A G (1999a). As such, the
Canmore model does not represent a useful blueprint for a landscape that is only partially
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developed, as is the case in the greater Radium study area. Restricting wildlife
movements to relatively narrow corridors within a matrix of intense residential,
commercial, industrial and recreational development is not ideal from an ecological
perspective. Unfortunately, planning for wildlife in the Canmore area has taken place too
late and the result is a valley that is almost completely constricted by development, a
situation, which has impeded, to a great extent, opportunities for the design of effective
wildlife corridors. A more effective approach would have been to consider the needs of
wildlife much earlier on in the planning process and develop guidelines that would have
allowed for the preservation of healthy movement corridors, while allowing for
controlled development in areas less critical to wildlife.
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APPENDIX 3:
WILDLIFE M O V E M E N T CORRIDORS
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1

G E N E R A L DEFINITION

The term "corridor" can sometimes refer to a linear habitat (such as a fencerow or a
riparian buffer in an agricultural landscape), which is valued primarily or solely as habitat
(Harris and Gallagher 1989, Foreman 1995). For the purposes of the present study,
however, we focus specifically on "movement corridors", linear habitats whose primary
function is to connect two or more substantive patches of habitat (Harris and Gallagher
1989). Corridors, as defined in the latter case, provide travel lanes to accommodate daily,
seasonal, or dispersal movements from one large habitat block to another (Paquet et al.
1994) . A corridor is a transitional habitat that provides only those resources required to
move between habitat patches (Soule 1991, in Heuer 1995). As such, it may not supply
all the resources and satisfy all the life history requirements of an individual (Heuer
1995) .

2

SPECIFIC DEFINITIONS

The Bow Valley Ecosystem Advisory Group (1999a) defined a number of terms that
relate to wildlife corridors and corridor networks.
•

Habitat Patch: Areas of land that are large enough in area to meet a spectrum of
habitat requirements (e.g., feeding, breeding, thermal regulation, security, resting).
Generally speaking, larger species have larger habitat requirements.
•

Local Habitat Patch: Meant to meet the food, rest and water needs of an
animal for a short period while negotiating a corridor network toward a larger,
regional habitat patch at its end. Habitat patches need to provide sufficient
habitat in their interior for an animal to rest or feed with security from human
disturbance. Based on minimum security areas defined for female grizzly
2

bears (Gibeau et al. 1996), minimal habitat patch size is 4.5 km with a
minimum width of 1.2 km.
•

Regional Habitat Patch: Regional habitat patches are the entities that a
network of wildlife corridors and smaller local habitat patches connect for
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2

larger species. Regional habitat patches are large enough (>10 km ) to
contain adequate resources to sustain large carnivores for short periods of
time. It is an order of size that would accommodate the seasonal range of elk,
deer or moose.
Linear Development: These are human disturbances to the landscape that tend to be
long and narrow in terms of the physical area disturbed (e.g. power lines, roadways).
Wildlife Corridor: An area of land designed to provide connectivity among habitat
patches. Wildlife corridors are generally not designed to fulfill any of the
requirements of habitat patches other than some elements of security without which
animals would not use them.
•

Primary, or Multi-Species Corridors: Designed to be used by a wide
variety of wildlife species including carnivores that are more wary of human
activities and less inclined to venture close to settled areas. These are the
main corridors connecting regional habitat patches. Vegetation characteristics
must meet security and thermal cover requirements for a wide variety of
wildlife species and may provide foraging areas.

•

Secondary Corridors: Appropriate for smaller wildlife species or species
more readily acclimated to human activities and developments such as elk.
These corridors tend to be narrower in width and may contain landscape
disturbances of a low impact nature such as trails and electric power lines.
They should, however, provide enough security to accommodate movement.

Adjacent: Defined as half the wildlife corridor width or half the local habitat patch
radius from the corridor or patch edge (i.e., 175 m from the edge of a primary
corridor, 125 m from the edge of a secondary corridor or 250 m for the edge of a
patch).
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3

CORRIDOR FUNCTIONS

Movement corridors serve different functions at different scales. On the finest scale, we
find corridors that animals need to survive and reproduce on a yearly or even daily basis.
On a broader scale, there are corridors as routes for individual animals moving between
populations. In the broadest view, corridors can be seen as "pathways for the flow of
genes over time"(American Wildlands 1999). In addition to allowing gene flow between
populations, functional movement corridors also reduce the likelihood of human-wildlife
conflicts by allowing individual animals to safely negotiate their way around highly
developed areas ( B C E A G 1999a). In the sections below, I review the various functions
of corridors, based on Noss (1993) unless otherwise stated.

3.1

C O R R I D O R S F O R M O V E M E N T S WITHIN H O M E R A N G E S

An important function of corridors is to allow animals to move across the landscape in
relative safety to find food, cover, mates, either on a daily or seasonal basis. For wideranging animals, a small core reserve may not encompass a single annual home range.
Elk and mule deer, for example, may travel over 100 km in linear distance between
summer and winter ranges (Adams 1982, in Noss 1993). Grizzly bears, whose annual
2

home ranges for males in Rocky Mountains are often in excess of 1000 m , forage widely
for dispersed food items and track seasonal changes along elevational gradients. As well,
many non-migratory species, such as white-tailed deer and bobcat, depend upon multiple
habitat patches in the landscape in order to fulfill dietary requirements, escape flooding,
breed or hibernate.

3.2

CORRIDORS FOR DISPERSAL

Dispersal refers to the movement of organisms away from their place of origin, such as
the movement of subadult animals out of the parental home range (Noss and Cooperrider
1994). Dispersal is a particularly critical function in fragmented landscapes, where
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species may exist as metapopulations, i.e., as systems of local populations linked by
dispersal. In such landscapes, linkages between scattered patches of natural habitat may
be crucial in ensuring the persistence of a metapopulation.

Noss (1993) explained that small, isolated populations are prone to extinction due to
either stochastic environmental or demographic effects. Deleterious genetic effects,
namely random genetic drift and inbreeding depression, can also lead to extinction.
Random genetic drift can lead to the loss of genetic variability, which in turn may lead to
reduced fertility and viability and may inhibit a population's capacity to adapt to
changing environmental conditions. Inbreeding depression can lead to physical
abnormalities and reduced fertility. Dispersal of individuals across the landscape allows
for colonization of vacated or other suitable habitats, so that the metapopulation as a
whole persists despite local extinctions. Thus, corridors can provide a "rescue effect"
and allow small populations a higher probability of persistence than if they were isolated.

3.3

C O R R I D O R S F O R L O N G - D I S T A N C E R A N G E SHIFTS

Another potential function of connectivity is to provide for long-distance migration of
species in response to climate change (Noss and Cooperrider 1994). Temporally, this
kind of dispersal may take place over many generations. Large-scale biogeographic
corridors have been important during past climate changes. The Mississippi Valley
represented one such corridor during the Pleistocene. It is uncertain, however, whether
such corridors will provide for species migration during greenhouse warming given that
the rate of warming during the next half century is projected to be at least 10 times
greater than the average rates over the last 100,000 years (Peters 1988, in Noss 1993).
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4

DESIGN CONSIDERATIONS

The ultimate goal of identifying wildlife movement corridors is to assist developers and
planners in land-use decisions. The information provided in this section is meant to serve
as a framework for the management recommendations presented in Section 7 of the main
body of the document.

4.1

G E N E R A L GUIDELINES F O R T H E P R O T E C T I O N O F WILDLIFE
HABITAT A N D M O V E M E N T C O R R I D O R S

Duerkson et al. (1997) identified several biological principles for habitat protection at
both the landscape and site scales. These guidelines, which are listed and briefly
discussed below, can be of value for corridor planning in the Radium Hot Springs area.

4.1.1

Landscape Scale Principles

1. Maintain large, intact patches of native vegetation by preventing fragmentation
of those patches by development. If all other values of habitat are equal, larger
patches of habitat should be protected in preference to smaller ones. Development
should be minimized in the larger patches and fragmenting them with roads should be
avoided.
2. Establish priorities for species protection and protect habitats that constrain the
distribution and abundance of those species. A ranking system should be used to
identify species that will receive priority for protection. Focus on the habitat
requirements of the high priority species.
3. Protect rare landscape elements. Guide development toward areas of landscape
containing "common" features. The first step here is to inventory landscape
elements of special ecological significance such as riparian zones, cliffs, old growth
forest, wetlands, etc. Avoid developing in these areas.
4. Maintain connections among wildlife habitats by identifying and protecting
corridors for movement. As much as possible, movement routes of important
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wildlife species should be mapped. Also, identify small patches of vegetation that
can act as "stepping stones" from one core patch to another. Both movement
corridors and stepping stones should be protected.
5. Maintain significant ecological processes in protected areas. Periodic fires and
floods are examples of natural ecological processes that are necessary to the
maintenance of plant and animal communities. Local communities should try to
identify which ecological processes are the most important to the community's
priority wildlife species and ensure that those processes are sustained. For example,
fire is very important to the maintenance of grasslands that form the basis of elk
winter range.
6. Contribute to the regional persistence of rare species by protecting some of their
habitat locally. When it comes to the conservation of rare species, local
communities need to think globally and act locally.
7. Balance the opportunity for recreation by the public with the habitat needs of
wildlife. One strategy for accomplishing this is to ensure that some protected areas
remain in private ownership not open to the public in order to reduce the intensity of
recreational use. On public land, human recreational use should be monitored and
management prescriptions applied as required. Also, ensure that roads and trails do
not traverse especially sensitive areas, such as important feeding areas for bears or
known calving grounds for elk or deer.

4.1.2

Site Scale Principles

1. Maintain buffers between areas dominated by human activities and core areas of
wildlife habitat. Rows of trees or shrubs may constitute effective visual buffers that
may reduce human disturbance of an adjacent habitat patch. Also, limit human use to
a well-defined trail in core habitat areas.
2. Facilitate wildlife movement across areas dominated by human activities. Locate
roads and recreational trails away from natural travel corridors used by wildlife, such
as riparian areas. Minimize fencing. Maintain connectivity between key habitat
patches. Provide wildlife crossing structures (e.g. underpasses) along busy roads.

348

3. Minimize human contact with large native predators. Keep all garbage and other
potential human-associated food sources inaccessible to wildlife. Keep a close rein
on pets in areas where large predators are known to exist. Avoid the use of fruitbearing trees or shrubs in proximity to residences and other places of high human
activity.
4. Control numbers of mid-sized predators, such as some pets and other species
associated with human-dominated areas. Prevent domestic pets, especially dogs
and cats from roarning freely. Such pets can cause a great deal of harassment to
wildlife. As well, domestic cats are responsible for the death of a phenomenal
number of birds and small mammals every year. Also, as in the case of large
carnivores, keep all food sources such as garbage and pet food from becoming
available to native mid-sized predators, such as coyotes, that thrive in human
dominated environments.
5. Mimic features of the natural local landscape in developed areas. Keep the
landscape in as natural a state as possible, even after development. Use natural
vegetation in landscaping and keep disturbance of natural vegetation to a minimum.

4.2

GUIDELINES F O R C O R R I D O R DESIGN A N D M A N A G E M E N T

In this section, I review some of the most pertinent considerations and guidelines that
relate specifically to corridor identification and design.

4.2.1

4.2.1.1

General Considerations

Objectives of Corridor Design

Noss (1993) stressed two main objectives to consider when designing corridors. The first
is to provide a high-quality corridor for native species present, especially those that are
the most sensitive. The second objective is to maintain enough functional connectivity
along the entire length of the corridor to allow safe passage. In essence, a corridor is only
a functional as its weakest point. A single impassable barrier, such as a busy road or
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major constriction (pinchpoint), can jeopardize the value of the whole corridor. In such
cases, mitigative measures can sometimes be effective in re-establishing the functional
connectivity of the corridor.

4.2.1.2

Lack of Empirical Data

According to Paquet et al. (1994), "although much has been written lately about the
concept of natural connectivity and its value in maintaining the integrity of ecosystems,
only minimal empirical research has been conducted on the use of wildlife corridors by
large mammals". Axys (1996) recognized that the key issue in the Canmore Corridor of
western Alberta, where the concept of movement corridors has received much attention
in recent years, is that long-term definitive studies in support of wildlife corridor
placement and design have not been conducted. The authors of this report also stressed
that it is not possible to reach definite conclusions about the effectiveness of a corridor
without proper monitoring of wildlife movements.

One of the reasons explaining the paucity of empirical data regarding corridor use and
design is the difficulty of obtaining it, due in part to small sample size. Corridors that
serve for dispersal, for example, may serve as effective conduits of gene flow but may
not receive much use over a given period of time (Beier and Loe 1992). A case in point
is a corridor located in southern California, which was found to be crucial to the resident
metapopulation of cougars, but in terms of frequency of use, needed to accommodate
only a handful of animals per decade to maintain locally isolated populations (Beier
1993).

Another difficulty in experimentally testing theories about corridor design stems from the
virtual nonexistence of identical corridors to allow for replication and the setting of
experimental controls (Heuer 1995).
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4.2.1.3

Complexities of Corridor Design

Identification of existing corridors and design of new corridors is complex process. This
complexity arises from the number of variables involved, many of which are poorly
understood (Heuer 1995). Some of the variables include topography, vegetation patterns,
the function of the corridor, its size and shape, which species are using the corridor, the
level and type of human use within and adjacent to the travel route as well as the degree
of habituation to human activities (Paquet et al. 1994, Heuer 1995). Many of the
variables involved are strongly interrelated, which makes the task of understanding cause
and effect relationships even more difficult. Moreover, Heuer (1995) pointed out that
understanding these variables for a single species poses a serious challenge; to do this for
an entire assemblage of species becomes even more difficult.

4.2.1.4

Corridors are Species-Specific

The importance of considering the specific biological needs of the targeted species in the
design of corridors cannot be overemphasized, since different species have different
corridor requirements. For example, wary species such as wolves and grizzly bears need
corridors that are relatively free from human disturbance while other species, such as elk
and deer may tolerate higher levels of disturbance. In another example, cover may be a
very important factor for elk movements while for bighorn sheep, who depend on high
visibility and the presence of escape terrain as anti-predator strategies, cover may actually
act as a deterrent to movement. As well, while a corridor must conform to the needs of
the species it is designed to serve, it must not compromise the viability of other species.
(Paquet etal. 1994).

4.2.1.5

Maintaining vs. Establishing Corridors

The idea of designing corridors leaves us to believe that we building something new on
the landscape. However, Noss (1991) cautioned that maintaining existing corridors is a
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much better approach than trying to establish new ones. According to Noss, the corridor
strategy is fundamentally an attempt to maintain or restore natural landscape
connectivity, not to build connections between naturally isolated habitats. This point
relates directly to the previous discussion in Section 4.4.7 of Appendix 2, which
emphasized the importance of considering the needs of wildlife early in the planning
process

4.2.1.6

Corridors are not a Panacea

Some of the debate over the value of the corridor strategy has stemmed from the fear that
corridors in themselves may be viewed as sufficient for maintaining biological diversity
(Simberloff and Cox 1987, Simberloff et al. 1992, Bonner 1994, Simberloff and Abele
1976). Noss (1993) stressed, however, that corridors are no panacea but rather, they must
be seen as only one element of an integrated landscape conservation strategy. According
to Noss, corridors are no substitute for the protection of large, intact reserves. As well,
the establishment of corridors must not divert attention from managing the landscape as a
whole in an ecologically responsible manner.

4.2.1.7

Scale

Scale is another important consideration in the study of corridors. According to Merriam
(1991, in Noss 1993), for individual species of management concern, the planning unit
should be the minimum area necessary to ensure demographic and genetic survival of the
species. The spatial scale depends on the area requirements of the species under
consideration and can only be determined by adequate population studies (Noss 1993).

Another consideration that has to do with scale is the fact that large, broad-scale corridors
typically include many small-scale linkages. Duke (1999) described such linkages as
smaller-scale corridors that link small pieces of land around areas of human development,
such as town sites, ski resorts, hiking trails and transportation routes. The functional
value of a broad corridor depends on the success of these smaller linkages. If animals

352

cannot negotiate the smaller linkages, the entire corridor becomes jeopardized (Duke
1999).

4.2.2

4.2.2.1

Delineating Corridors

Alignment

Animals will not necessarily pass through the best corridor, but rather, through the
corridor that is best aligned with patches of desirable habitat (Heuer 1995).

4.2.2.2

Traditional Movement Patterns

It is a widely held view in the literature that the movements of many wildlife species,
such as elk, deer and bighorn sheep are often learned behaviours (Paquet et al. 1994,
B C E A G 1999a, Noss 1992). In the absence of disturbance, travel routes may become
highly traditional over ecologically significant periods (Paquet et al. 1994).
Consequently, the exact location of a corridor may be crucial ( B C E A G 1999a). Tradition
may govern movements not only in the spatial sense but temporal patterns of use as well
(Paquet etal. 1994).

4.2.2.3

Paths of Least Resistance

According to Paquet et al. (1994), corridors appear to follow "paths of least resistance"
i.e., paths that offer the fewest number of obstructions to movement. Obstructions may
be physical, as in the case of extreme topography or an impassable fence or
psychological, such as a busy roadway or urban centre. In terms of topography, the
B C E A G (1999) noted that slopes greater than 25 degrees (47%) were inadequate for
corridor function. Curoatolo and Murphy (1986, in Heuer 1995) observed that the effects
of barriers are sometimes cumulative. In this particular study, caribou readily crossed
under an elevated pipeline or over a road but crossing a pipeline, adjacent to a road with
traffic, occurred significantly less than expected.
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Human infrastructures such as trails or roads receiving low levels of use can facilitate
animal movements, especially in areas where dense forest or deep snow render
movements difficult. Ease of travel may also be enhanced by natural features such as
frozen rivers or windswept ridges in winter (Paquet 1993, in Heuer 1995).

4.2.3

Size, Shape and Configuration of Corridors

The B C E A G (1999a) has developed a useful model, which provides guidelines as to
acceptable dimensions of corridors and habitat patches within a partially developed
landscape, given various conditions of topography and vegetation cover. Below I discuss
elements of this model that deal with the size, shape and configuration of corridors.

4.2.3.1

General Configuration

The B C E A G (1999a) described two possible design choices for corridor network design.
The reader is referred to Section 2 above for the definition of the terms used here. In the
first case, two regional habitat patches are linked by a single, long, wide corridor. The
second possible scenario involves a system of shorter, narrow corridors connecting local
habitat patches. While the first choice is viewed as preferable, the B C E A G recognized
that in some cases, existing development and topographic constraints may preclude the
existence of a single wide corridor and thus, it becomes necessary to rely on several
smaller corridors linking local habitat patches.

4.2.3.2

Width

Of all the factors affecting corridor quality, width is usually the most significant (Noss
1993). Unfortunately, there have been almost no empirical studies conducted on the
corridor-width issue (Noss 1993). This issue is complex and depends on many variables
such as target species, habitat types, level of habituation of individuals, seasons of use,
level of human activity within and outside the corridor, etc. (BCEAG 1999a). As a
general rule, however, most authors would agree that "the wider, the better" (Noss 1993,
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B C E A G 1999a). Noss et al. (1996) believe that broad, heterogeneous linkages provide
better connectivity than narrow, strictly confined corridors, especially for large rnammals.

Axys (1996) compared the width of some proposed corridors in the Bow Valley near
Canmore:
•

A minimum width of 350 m was suggested by Three Sisters Resorts for a
primary corridor based on empirically based non-winter thermal cover
specifications for deer and elk in Washington and Oregon derived by Thomas
et al. (1979). A width of 183 m was suggested for secondary corridors based
on hiding cover specifications also derived by Thomas et al. (1979).

•

The Canmore Growth Management Plan suggested 200 m for elk corridors.

•

Parks Canada (1992) suggested three levels of minimum corridor width to
provide increasing levels of protection for wildlife: 200 m for low, 500 m for
moderate and 1000 m for high protection.

•

McCallum and Paquet (1992) suggested that relatively small corridor widths
could be tolerated (i.e. 10-100 m) if use by elk is brief (e.g. weeks) and one is
designing for movement of individuals as opposed to a herd, and much is
known about behaviour. Otherwise, 100-300 m is advised if elk behaviour is
not well known. S. Herrero (pers. comm. October 2000) disputes the former
recommendation, however, as behaviour can change over time.

Edge effects are an important consideration in the corridor width issue. While for large
mammals, physical or biological edge effects may be minimal, psychological edge effects
caused by human influence in habitats adjacent to a corridor may be significant. As well,
if the corridor contains trails or other recreational facilities, corridor width should be
sufficient so that the most sensitive species using the corridor are not disturbed by human
activity (Noss 1993). Noss also recommended that stream corridors encompass one or
both slopes so as to take in the entire topographic gradient and associated vegetation. As
with many other factors discussed in this section, corridor width should be determined in
consideration of the needs of the most sensitive species that may use the greenway (Noss
1993).
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4.2.3.3

Length

As in the case of width, the appropriate length of a corridor cannot be determined in
isolation but rather, depends on a number of other factors. Generally speaking, the wider
a corridor is, the longer it can be and still remain functional as a conduit for movement.
A longer corridor implies that an organism will spend a longer amount of time in the
corridor and consequently, require more resources (Heuer 1995). If a corridor is narrow,
the distance between habitat patches must be shorter. As well, according to the theory of
island biogeography, the longer the distance between patches of suitable habitat, the less
successful the rate of dispersal (MacArthur and Wilson 1967, in Heuer 1995). Hence, the
general consensus about length is "the shorter, the better" (Heuer 1995).

The only specific guideline found in the literature about corridor length was one put forth
by the B C E A G (1999a), which stated "the distance over which human development may
constrict wildlife to a corridor or system of corridors between two regional habitat
patches should not exceed 8 km." As with many other variables described in this section,
the maximum acceptable length of a corridor depends on the life requisites of individual
species using the corridor. Ideally, corridor design should strive to meet the requirements
the targeted species with the greatest needs. One last important point I encountered in the
literature regarding corridor length was made by Heuer (1995) who noted "while lateral
obstructions may determine the width of corridor, the definitive ends of a corridor may be
less obvious". Hence, it is useful to remember that the boundaries of corridors are not
always definite.

4.2.3.4

Linearity

According to Heuer (1995), the best corridors are those that provide the most efficient
and direct route between two habitat patches to be linked. As such, a linear corridor is
superior to one containing maze effects such as doglegs, cul-de-sacs or funnels (Shafer
1990 and Soule 1991, in Heuer 1995). As well, the B C E A G (1999a) recommended that,
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in addition to being linear, corridors should provide an uninterrupted visual field in the
direction of movement.

4.2.3.5

Networks

According to Paquet et al. (1994), evidence from recent studies indicates wildlife
movements occur in broad swaths of undisturbed habitat encompassing a network of
trails. Hence, connectivity should be viewed in terms networks of corridors rather than
single corridors linking habitat patches. Moreover, such networks offer protection
against the destruction of any single corridor by catastrophic disturbance, either natural,
such as wind or fire or human-made, such as in the case of a new road (Noss 1993,
B C E A G 1999a).

As well, Heuer (1995) noted that because of the complexity of corridor design and our
lack of understanding of all the variables that interact to determine a corridor's overall
effectiveness, it is not a good idea to settle on one corridor to link two patches of habitat.
Since connectivity is superior to isolation and continuity preferable to fragmentation,
Heuer (1995) suggested that we declare all elements of connectivity in a landscape
important and basically strive for as much connectivity as possible.

In terms of numbers of corridors, the B C E A G (1999a) recommended, for movements
along a valley containing human settlement, at least two functional primary corridors and
one system of secondary corridors to link habitat on either side of a municipality.
Movement from one side of the valley to the other must also be accommodated.

4.2.3.6

Nodes

It is widely recognized that the effectiveness of corridors, especially long, linear ones, is
enhanced by the presence of larger habitat patches (Paquet et al. 1994, B C E A G 1999a,
Noss 1993). Noss (1992) stressed that such habitat nodes or staging areas for migratory
animals should be identified and protected.
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4.2.4

Internal Characteristics

While the above section dealt with external features such as shape and configuration, in
this section I discuss elements of corridor design that relate to a corridor's internal
characteristics. Habitat type, the variety of habitat as well as the availability of cover are
important factors that can influence the effectiveness of a corridor.

4.2.4.1

Habitat Type

Habitat is a critical design parameter of corridors (Harrison 1992, in Paquet et al. 1994).
Noss (1993) recommended linking habitat patches that were connected in the
presettlement landscape with corridors of similar habitat. Continuity of habitats and
natural vegetation structure also appear to be positive characteristics of corridors.
Moreover, Noss (1993) specified that the best corridors are those that incorporate the
highest-quality habitat possible for the most sensitive targeted species. Callaghan et al.
(1998) incorporated this idea into their friction model, which they developed to predict
wolf movements in the Canadian Rockies. One of the basic assumptions of the model
was that wolves select to move along areas of most suitable habitat.

4.2.4.2

Variety of Habitat

In most cases, corridors must accommodate the movements of a suite of species rather
than a single species. The best way to meet the needs of multiple species is to ensure that
a given corridor contains a range of habitats. Wider corridors are more likely to contain a
variety of habitats than narrower ones. According to Noss (1993), variety can also be
achieved by including a topographic gradient from river to ridge top within a corridor.

4.2.4.3

Availability of Cover (Security)

Of the biological requisites of wildlife, security is undoubtedly one of the most important
to consider when identifying or designing movement corridors. Indeed, many animals
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avoid open areas such as roads and agricultural fields (MacCallum and Paquet 1992).
Such open areas may represent psychological barriers to movement for species that rely
heavily on cover for their security. For example, in a study of wolverine movements in
the Kicking Horse Pass, British Columbia, Austin (1998) observed that wolverines
preferred to cross the Trans-Canada Highway in sections where the forest edge was
closest to the road. Similarly, elk tend to use forested lands for migratory movements
(Adams 1982, Skovlin 1982). Cougar also prefer continuous forest cover for security
(MacCallum and Paquet 1992; Young 1946, in Noss 1993). The B C E A G (1999a)
recommended that a corridor should contain at least 40% hiding cover for optimal
effectiveness. If less than 40% cover is available, corridor width needs to be increased.

According to Heuer (1995), many species perceive darkness as a form of cover,
opportunistically traveling in open areas during the night. Beier (in press, in Heuer 1995)
identified night lighting as a factor compromising the quality of a potential corridor for
cougars.

4.2.5

Topography

In a mountainous landscape, topography has a major influence on wildlife movements.
Extremes in topography have a fragmenting effect on habitat (Holland and Coen 1983, in
Stevens et al. 1996) and can constitute an impassable barrier for the movement of some
species. As well, slope angle and orientation affects the distribution of vegetation, the
major determinant of habitat for animals. Generally speaking, wildlife movements in a
mountainous landscape tend to be largely restricted to valley bottoms, which, for most
species, offer the most energetically efficient travel routes. Based on empirical work in
progress, the B C E A G (1999a) judged that slopes greater than 25 degrees (47%) were
inadequate for corridor function.

The B C E A G (1999a) discussed the relationship between topography and human
disturbance. In some instances, topography can enhance the effectiveness of a corridor.
An elevated bench, an intervening ridge or a sunken gully are examples of topographic
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features that can be beneficial to wildlife movements in a partially developed landscape
because they can insulate from noise, light and other human disturbances. On the other
hand, topography that slopes up and away from human development will allow noise,
light, smells and other disturbances to permeate deeper into the corridor or habitat patch
( B C E A G 1999a). In such a case, a larger corridor width may be required.

4.3

MANAGING CORRIDORS

Once corridors have been identified or designed, the next step is to develop adequate
management plans to ensure their functionality. In Section 4.3.1,1 review general
guidelines for the management of corridors while Section 4.3.2 focuses more specifically
on the management of human disturbance.

4.3.1

General Management Guidelines

Noss (1993) offered the following guidelines for preparing site designs and management
plans for corridors:
•

Develop a management plan to maintain or restore native vegetation within the
corridor, with emphasis on habitats used by the most sensitive species.

•

Where a corridor is intersected by roads that cannot feasibly be closed, develop
designs for tunnels, underpasses, or other wildlife crossings in accordance with
the behaviour and needs of the most sensitive species using the corridor.

•

Control access and human use of corridors to protect species sensitive to human
disturbance. Divert trails away from sensitive areas, such as rare plant
populations or colonial water bird rookeries.

•

Seek zoning regulations or landowner agreements that control adjacent land uses
and help establish a low-impact buffer zone between the corridors and
development areas.
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•

Manage narrow corridors lacking interior habitat to encourage and maintain
vegetational complexity, which in turn will increase cover and corridor quality for
wildlife.

4.3.2

Human A c c e s s

Corridors in developed landscapes need to be designed and managed to discourage
human uses that might result in harassment (Noss 1993). Noss (1993) recommended
maintaining intact roadless corridors and, where feasible, closing roads to minimize
conflicts between humans and wildlife. Besides harassment, road access can lead to
increased hunting pressure and mortality. For instance, Noss (1992) remarked
"maintaining safe travel opportunities for elk is largely a matter of protecting them from
human predation, often associated with road access".

4.3.3

Level and Type of Human Use

The level and type of human use that is acceptable for a corridor largely depends on the
tolerance thresholds of individual species using the corridor. If tolerance thresholds are
exceeded, wildlife may be forced to adopt an alternate route (if it exists) or abandon the
habitat that was once connected by the route (McLellan and Shackleton 1988, Mech et al.
1988, in Heuer 1995). When this happens, wildlife are displaced from optimal to suboptimal habitats and from energy efficient travel routes to routes traversing more difficult
terrain, potentially leading to depleted energy budgets and reduced fitness (Paquet et al.
1994).

According to the B C E A G (1999b), habitat abandonment by wildlife due to high levels of
human activity is a common occurrence. Less clear, however, is an understanding of the
various factors that influence tolerance levels of different species and even individuals of
the same species ( B C E A G 1999b). Thresholds tend to vary with the type of human
activity involved, the amount of available cover, an animal's past experience, inherited
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tolerance, age-sex class, and the availability of forage nearby (McLellan 1990 and Freddy
et al.1986, in Heuer 1995). As well, animals using established corridors may be already
close to their threshold of tolerance to disturbance (Paquet et al. 1994). In such a case,
adding a new source of disturbance, even if only a small one, may lead to abandonment
of the corridor by the species in question.

The B C E A G (1999b) has produced some useful guidelines directed specifically at human
use within wildlife corridors and habitat patches. Although developed for the Canmore
area, these guidelines can find application in other settings as long as adjustments are
made for differences in site-specific conditions. The B C E A G guidelines address the need
to consolidate human use trails scattered throughout critical wildlife areas.
Recommendations involving other management strategies, such as seasonal and partial
day closures, aimed at maintaining a functional network of corridors, are also offered in
this report.

While it is paramount to address the issue of human use within a corridor, it is equally as
important to consider human uses on adjacent lands, especially if the corridor is narrow
and/or is located in a partially developed landscape. Human activity occurring on either
side of a wildlife corridor or along the edges of a local habitat patch may lead to the
intrusion of visual, auditory or olfactory disturbances ( B C E A G 1999a). As mentioned
earlier in Section 4.3.1, Noss (1993) recommended seeking zoning regulations or
landowner agreements that control adjacent land uses and help establish a low-impact
buffer zone between the corridors and development areas.

4.3.4

Habituation

Habituation is the waning of response to a stimulus after repeated exposure (S. Herrero,
pers. comm. October 2000). With no posed threat, fleeing becomes an irrelevant, energy
consuming response (McArthur 1980, in Heuer 1995). The degree of habituation is
important consideration in corridor design as it directly affects an animal's tolerance to
disturbance. Heuer (1995) explained how habituation can lead to either positive or
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negative consequences. On the positive side, a habituated animal will be more tolerant to
disturbance and thus, will be less likely to abandon habitats or corridors that are affected
by human presence. Such an animal will be able to access resources that are otherwise
unavailable to its more discrete, unhabituated counterparts. On the other hand, habituated
animals usually have lost their natural fear of humans and often display aggressive
behaviour. The outcome of such a situation is inevitably the relocation or death of the
offending animal (Heuer 1995).

4.3.5

Impediments to Movement

The B C E A G (1999a) recommended that corridors be free of impediments to movement.
According to Noss (1993), roads and their associated high-speed traffic present the
greatest barrier to wildlife movement and thus should be a principal focus of design.
While the absence of roads is best for corridor function, where a road crossing is
inevitable, mitigation measures need to be considered to ensure that the road does not
represent a barrier to movement. According to Ruediger et al. (1999), the general
consensus among experts is that roads with traffic levels below 2,000-3,000 vehicles per
day are relatively permeable to most species while roads with traffic levels in excess of
4,000 vehicles per day tend to impede wildlife movements.
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EVALUATION GRID FOR
F O C A L SPECIES SELECTION
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Table A4-1:

Evaluation grid for the selection of focal species.

Criteria

MD

WD

M

E

BS

MG

1. Presence in Study Area
(Oor 1)
2. Political Importance
(Status and Management)
(0, l , o r 2 )
3. Economic Importance
a)Commercial Value
(0,1, or 2)
b) Subsistence Value
(0,1, or 2)
4. Recreational Importance
a) Consumptive Use
(0,1, or 2)
b) Non-consumptive Use
(0, l , o r 2 )
5. Ecological Aspects
a) Importance to System
(1 or 2)
b) Vulnerability
(0, l , o r 2 )
c) Sensitivity to Humans
(0, 1 or 2)
d) Resilience
(o, 1 or 2)
6. Additional Factors
a) Avail, of Habitat Info.
(0,1, or 2)
b) Existing Model
(0 or 1)

—

-
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B

L

BC

CG

CY

W

BB

GB

Evaluation of Species Significance
(Adapted from: Green, J.E. and R.E. Salter. 1987. Reclamation of Wildlife Habitat in the
Canadian Prairie Provinces - Vol. II: Habitat Requirements of Key Species. Prepared by
the Delta Environmental Management Group Ltd. for the Canadian Wildlife Service,
Alberta Environmental Protection Service and the Recreation, Parks and Wildlife
Foundation.
1. Presence Within Study Area: For obvious reasons, only those species that are
normally found within the study area (in part or in its entirety) will be considered.
If a species is not normally found in the designated study area, simply enter "0" and move
on to the next species.
0 = not normally found within study area - move on to next species
1 = normal range includes at least part of study area.
2. Political Importance: Relative abundance and degree of management concern
expressed about the species.
0 = high degree of abundance and low management concerns
1 = widespread declining numbers (except in cyclic species), or local rarity and moderate
management concerns
2 = rare, endangered or threatened species with high management concerns
3. Economic Importance: Based on both a species' commercial value (e.g. income
provided from fur harvest or from guiding) and subsistence value (meat).
0 = little or no economic importance
1 = occasionally utilized
2 = frequently utilized
4. Recreational Importance: The degree of both consumptive and non-consumptive use.
a) Non-consumptive Use:
0 = no non-consumptive use or aesthetic value (e.g. shrews, voles, etc.)
1 - limited non-consumptive use or aesthetic value (e.g. snowshoe hare, chipmunk,
beaver)
2 = high non-consumptive use (e.g. birdwatching, photography) or high aesthetic value
regardless of the degree of non-consumptive use (e.g. peregrine falcons would receive
a score of 2 because they have high aesthetic value even though they are infrequently
seen by most people).
b) Consumptive Use:
0 = non-hunted species
1 — moderate importance to recreational hunting (e.g. snowshoe hare)
2 = highly important to recreational hunting (e.g. waterfowl, ungulates)
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5. Ecological Factors
a) Importance: The degree to which a species is involved in or contributes to nutrient
cycling, the food chain, and physical maintenance of its ecological community. For
example, snowshoe hare in sufficient numbers provide an important food source for a
variety of predators (particularly lynx) and may contribute significantly to nutrient cycling
through browsing activity. Because all species influence ecosystems to some degree, the
lowest score assigned is 1.
1 = moderate level of importance in the ecosystem
2 = high degree of interaction within the system and/or a large role in governing or
maintaining the system (e.g. beaver and muskrat because of their direct contribution
to the physical maintenance of some wetland areas and their importance as prey species)
b) Vulnerability to Habitat Alteration: Based on the species' dependence on specific
habitats and its ability to utilize alternate habitat types in the event of habitat destruction or
modification.
0 = low vulnerability
1 = moderate vulnerability
2 = high vulnerability
c) Sensitivity to Human Presence: Refers to the ability of a species to thrive in the
presence of humans.
0 = not sensitive to human presence
1 = moderately sensitive
2 = very sensitive
d) Resilience: Species that have a high degree of resilience are those with a high
reproductive rate, whose populations are not very isolated (i.e. relatively even distribution
across the landscape or no significant barriers separating populations) and have high
dispersal rates.
0 = high resilience
1 = moderate resilience
2 = low resilience

6. Additional Scoring Factors: Species for which detailed habitat relationships are
known or for which a habitat model already exists would be preferred as a key species for
this study.
a) Availability of Habitat-Related Information (from literature)
0 = little or no information
1 = moderate
2 = abundant
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Derivation of Habitat Suitability and Season of Use for Elk and Bighorn Sheep from
TEM Dataset

Habitat Suitability for Elk ( E L K H S R ) :
•
•
•
•

Entered all suitability ratings for each site series of each polygon. ( E L K H S R 1 ,
ELKHSR2, ELKHSR3)
Site series that were anthropogenically disturbed were given a rating of 6.
Site series for which no HSR was specified were omitted from calculations.
Overall suitability of each polygon was calculated as a weighted mean:

E L K H S R T O T = (SDEC1*ELK_HSR1 + SDEC2*ELK_HSR2 +
SDEC3*ELK_HSR3)/10
•

In the case where no value was available for one or more of the site series in a
polygon, E L K H S R T O T was calculated as a weighted mean of the other site series as
long as the decile for which the HSR was known was at least 5. If not, no value was
given.

Season of Use for Elk (ELKSEAS):
•
•
•
•

From the existing data set, the main season was specified for each site series.
Three seasons were used: growing season (1) and winter (2) and all year (3)
E L K S E A S was determined as the dominant season for each polygon, (basically a
weighted mean of the site series present).
No value was given if not enough information was given to determine whether the
polygon was used primarily in winter or summer.

Habitat Suitability for Bighorn Sheep (BHSHSR):
Same as for elk except that cliff was given a value of 1.

Season of Use for Bighorn Sheep (BHS_SEAS):
Calculated in the same way as for E L K S E A S .
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HUMAN U S E QUESTIONNAIRE
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H U M A N USE D A T A S H E E T - R A D I U M W I L D L I F E P R O J E C T
Name of Interviewee:

Code:

Date:

Expertise:

# and Location:
Type and Nature:

Season

Map # :

Spring

Summer

Winter

Fall

Intensity of Use
Type of Activity
Mot. : Non-mot.
Confidence

# and Location:
Type and Nature:

Season

Map # :

Spring

Summer

Fall

Winter

Intensity of Use
Type of Activity
Mot. : Non-mot.
Confidence
# and Location:
Type and Nature:

Season

Map # :

Spring

Summer

Intensity of Use
Type of Activity
Mot. : Non-mot
Confidence
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Fall

Winter

H U M A N USE DATA SHEET - R A D I U M WILDLIFE PROJECT
LEGEND
Intensity of Use: Measured in number of parties or vehicles.
Intensity

Per Month

Per Week

High

> 1,000

>250

Moderate

100- 1000

25 - 250

Low

10- 100

3-25

Incidental

less than 10

2 or less

Nature of Activity:
Motorized Point: motorized activities restricted to a specific point or area; e.g. major timber
harvest activities, recreation complex, oil and gas drilling, mill or minesite, resort complex,
residential, personal use firewood gathering.
Motorized Linear: motorized activities restricted to roads, trails or linear corridors of travel.
See above table for levels of intensity.
Motorized Dispersed: off-road vehicles activities which are not restricted to roads or trails, but
rather, occur over broad areas.
Moderate to high intensity: heavily used areas receiving concentrated off-road vehicle traffic.
Low intensity: sporatically used areas receiving widely dispersed off-road vehicle traffic.
Non-Motorized Point: human acitvities restricted to a specific point or area; e.g. picnic site,
backcountry campsite, cabin.
Intensity levels same as for linear disturbances.
Non-Motorized Linear: non-motorized use associated with restricted roads or trails.
Refer to above table for levels of intensity.
Non-Motorized Dispersed: human activities not restricted to linear corridors or specific points.
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Moderate to high Intensity: concentrated activities; e.g. berry picking, hunting
Low Intensity: widely dispersed activities; e.g. cross-country hiking or backpacking in areas
without easy access.
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APPENDIX 7:

HUMAN U S E DATA
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Table A7-1: Human Use Data - Polygon Features

ID

DESCRIPTION
1study area
2 Spur Valley residential
3 Spur Valley Campground
Lower Benchlands N. of
4Edgewater
Upper Benchlands N of
5 Edgewater
6 Edgewater - residential
7 Edgewater - urban
8 Edgewater - industrial
9 Larmer Basin
10 North Baptiste Lake
11 cutblocks above Baptiste Lake
12 area S . of Ward Ranch
13 Long Horn Stables -short ride
Lower Benchlands S. of
1
1 Edgewater
15 Wetlands N. of Radium
16 MacKay Creek Compound
17 Aquacourt- resorts
18 Overflow parking
19 Canyon Campground
20 Redstreak Campground
21 Radium - resorts
22 Radium - urban
23 K N P admin.
24 Radium - residential
25 Radium Valley Vacation Resort

COMMENTS
cabins - year round
open April-Oct.

saw mill
ski trails
long ride from
stables

closed in winter
open year round
open May-Oct.
open year round

open year round

S INTEN

WJNTEN

TYPE

SOURCE

0 dispersed S E L F
LIT/KI
LIT/KI

0
2
2

2 point
1point

1

1dispersed Kl

1
2
2
2
1
1
1

1dispersed
2 point
2 point
2 point
0 dispersed
2 dispersed
1dispersed

1
2

1dispersed Kl
1dispersed TC/KI

1
1
2
2
2
2
2
2
2
2
2
2

1dispersed
1dispersed
2 point
2 point
0 point
2 point
0 point
2 point
2 point
2 point
2 point
2 point

Kl
SELF
SELF
SELF
Kl
TC/KI
Kl

Kl
Kl
SELF
SELF/PC
SELF
LIT.
LIT.
SELF/PC
SELF
SELF
SELF/PC
SELF/MGR

26 Radium - golf course
27 Radium Resort trail rides
28 Radium Resort - residential
29 Radium Resort - golf course
30 Dry Gulch - residential
31 Mtn. Shadows Campground
32 Stoddart Cr. - residential
33 Stoddart Cr. - golf course
34 Wetlands - residential
35 Wetlands - S . of Radium
36 Radium - gravel pit
37 Dry Gulch Campground
38 Radium - industrial
39 Edgewater Golf Course
40 W o o d pile

2
2
resort open all year
golf closed in winter
open May-Oct.

open May-Oct.
Slocan sawmill

2
2
2
2
2
2
1
1
2
2
2
1

Kl
1point
1 point/disp Kl
SELF
2 point
1 point/disp
2 point
0 point
2 point
1point/disp
2 point
1dispersed
0 point
0 point
2 point
1point

Kl
SELF
Kl
SELF
Kl
SELF
Kl
SELF
LIT/KI
SELF
SELF

0 Point

PC

LEGEND:
Intensity of Use:

Source:

S I N T E N = summer intensity
W I N T E N = winter intensity

SELF = personal judgment
K l = key informant(s)
PC = Parks Canada staff
MGR= Manager
LIT = literature (accommodations guide)
TC = trail counter

0 = incidental use (<10 events/month)
1 = low use (10-100 events/month)
2

= high use (>100 events/month)
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Table A7-2: Human Use Data - Linear Features

ID

DESCRIP
1 Pinnacle Cr Forestry Rd
2 Luxor Cr. R d .
3 Kindersley Cr. Rd.
4 Kindersley Pass Tr.
5 Sinclair Cr. Tr.
6 Hwy 95
7 Hwy 93
8 Railway
9 Redstreak Cr. Tr.
10 Kimpton Cr. Tr.
11 M a c K a y Cr. Rd.
12 C a m p 3 R d .
13 Flume R d .
Flume R d . -Camp 3
14 Connectors
15 Hewitt Rd.
16 Lease R d .
17 Edgewater Residential A c c e s s
18 Baptiste Lake Rd. (North)
19 Redstreak Campgr. R d .
20 K N P Admin. R d .
21 Redstreak Main A c c e s s R d .

S NONS MOT MOT
S INTEN W MOT W NON
100
100
0
2
closed to regular traffic
20
80
1
100
closed to motorized traffic
80
100
20
1
2
0
100
0
2
0
100
0
100
0
3
100
100
100
0
3
10-12 trains/24 hour period
100
0
2
100
0
100
1
0
0
0
100
1
0
2
100
100
1
75
25
75
1
75
25
75
COMMENTS

on private land

open in summer only

used mainly for hauling
22 Redstreak Sewage Lagoon R d wood
Sewage Lagoon-Radium
23 Resort
24 Redstreak Residential A c c e s s used year-round
25 Baptiste Lake Rd. (South)

20
100
0
100
100
100
100
100

80
0
100
0

0
2
1

c
c
c
c

100
0
100
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DATA
MOT W INTEN SOURCE
0
1TC/KI (10)
0
0 KI/SELF
0
0 TC/KI (5)
100
0TC/SELF
100
0TC/SELF
0
3 B.C G O V
0
3 PC DATA
2CP
0
100
_ Q TC/SELF
100
CT C / S E L F / P C
0
2SELF
25
1 Kl (5)
25
1 Kl (5)

1
2
2
2

40
100
100
100
0

60
0
0
0
100

100
100

0
0

1 Kl (1)
2S E L F
1 Kl (2)
2S E L F
2 Kl(1)
0S E L F
2SELF
2 SELF

0

1

100

0

0S E L F / P C

100

1
1
1

_0
100
0

100
0
100

0S E L F / P C
1S E L F
0 Kl

c

2

26 Ward Ranch R d . (South)
27 Radium-Westside R d .
28 Slocan Mill R d .
29 Radium Residential
30 Radium Resort Residential
closed to regular traffic
31 Radium Resort Gravel Pit
32 Radium Backroad
33 Stoddart Loop
34 Radium Resort R d .
35 Wetlands Residential A c c e s s
36 Stoddart Cr. Residential/G
closed to motorized traffic
37 Stoddart Cr. R d . #1 (Loop)
38 Stoddart Cr. Tr.
39 Dry Gulch Residential A c c e s s
closed to motorized traffic
40 Stoddart Cr. R d . #2
41 Radium Springs Golf course

50
100
100
100
100
100
70
0
100
100
100
20
0
100
20

5C
0
0
0
0
0
30
100
0
0
0
80
100
0
80

1
2
2
2
2
1
2
2
2
1
2
2
1
2
1
2

100
100
100
100
100
100
50
0
100
100
100

0
0
0
0
0
0
50
100
0
0
0

0

100
0

100

0 Kl (2)
2 SELF
2 SELF
2 SELF
2 SELF
0SELF
1TC/KI (4)
1Kl (1)
2 SELF
1S E L F
2SELF
1TC/KI (1)
0SELF
2 SELF
0SELF
1SELF/KI

LEGEND:
Motorized vs. Non-motorized:

Intensity:

Data Source:

Value refers to proportion of traffic in %

S I N T E N = summer intensity
W I N T E N = winter intensity

SELF = personal judgment
K l = key informants (number of)
PC = Parks Canada staff
TC = trail counter
CP = CP Rail Ltd.
BC G O V = government traffic data
PC D A T A = Parks Canada traffic data

S M O T = summer motorized
S N O N - M O T = summer non-motorized
W M O T = winter motorized
W N O N - M O T = winter non-motorized

0 = incidental (< 10 events/month)
1= low (10-100 events/month)
2 = high (100- 1000 events/month)
3 = very high (> 1000 events/month)
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Table A7-3: Human Use Data - Automatic Counters
Location
KINDERSLEY #2
May
June
July
August
September
October
Total Season

Sample Days Ave. per
month

Pop. Days

0

0

30
31
31
30
31
153

18
31
31
30
10
120

no data
13
10
20
34
22
20

EDGEWATER TR.
May
June
July
August
September
October
Total Season

0
0
16
31
28
0 no data
75

no data
no data!
91
70
98

31
30

0
10
31
31
30

no data
228
320
305
171

31
153

10
112

109
227

0
30
31
31
30
0
122

0
29
31

no data
68
116

31
11
0 no data
102

101

31
30
31
31
30
31
184

6
30
31
31
30
9
137

10
89
195
215
104
55
111

0
0
31
31
30
0
92

86

RIDING STABLES
May
June
July
August
September
October
Total Season

_Q
30
31

REDSTREAK TR.
May
June
July
August
September
October
Total Season

109
112

KINDERSLEY PASS TR.
May
June
July
August
September
October
Total Season

SINCLAIR CR. TR.
May
June
July
August
September
October
Total Season

31
30
31
31
30
31
184

140

STODDART RD.
May
June (A)
July (A)
August (B)
September (B)
October (B)
Total Season

0
30
31
31
30
31
153

0
10
31
25
28
5
99

no data
48
90
191
117
112
69 (A)
140 (B)

31
30
31
31
30
31
184

10
30
30
31
30
12
143

149
145
166
188
193
207
175

0
30
31
31
30
31
153

0
19
27
31
30
10
117

no data
449
152
201
54J
46
180

31
30
31
31
30
31
184

11
29
27
31
30
11
139

285
274
302
329
668
737
432

7
30
31
31
30
11

106
97
207
281
146
59
149

RADIUM BACKROAD
May
June
July
August
September
October
Total Season
KIMPTON TR.
May
June
July
August
September
October
Season
KINDERSLEY #1
May
June
July
August
September
October
Season

APPENDIX 8:

INTERMEDIATE OUTPUT L A Y E R S
OF THE E L K , BIGHORN S H E E P AND
GRIZZLY B E A R M O D E L S
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1

ELK

Several layers were involved in running the elk model. Table A8-1 provides a quick
reference to these layers, which appear on the following pages. The final outputs of the
elk model, the corridor value layers, can be found in Section 4.2 of the main text. A
detailed description of how each layer was generated was provided in Section 3.2.2.

Table AS-1: Intermediate and final outputs of the elk model.

Routine

Layer Name

Fig. No.

Layers Used in
Calculation *

Habitat
Routine

Habitat Suitability - Summer
Habitat Suitability - Winter
Forage vs. Cover
Distance from Edge
Total Habitat - Summer
Total Habitat - Winter

A8-la
A8-lb
A8-2
A8-3
A8-4a
A8-4b

-

Human
Disturbance
Routine

Human Disturb, for Elk - Summer
Human Disturb, for Elk - Winter

A8-5a
A8-5b

Movement
Routine

Slope
Riparian Areas
Visual Cover
Total Movement Routine

A8-6
A8-7
A8-8
A8-9

Corridor Value - Summer

4-3a **

Corridor Value - Winter

4-3b **

Corridor
Value

* "-" indicates a layer derived from input data. See Section 3.2.2 for details.
** See Section 4.2.1.
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-

A8
A8
A8

A8-6, A8-7, A8-8
A8-4a, A8-5a.
A8-9
A8-4b, A8-5b,
A8-9

Figure A8-la: Summer habitat suitability
coefficients for elk, Radium Hot Springs
area, B.C. Higher values correspond to more
suitable conditions for elk. Coefficients were
derived from existing data sets. See Section
3.2.2.2.1 for details.

LEGEND
/\/Highway
/\y
Railway
K N P Boundary
/ \ / Water Course
|
| Study Area
Hab. Suitability Coef.

\ ~ \ 0-0.2
— 0.2 - 0.4
jm 0.4 - 0.6
— 0.6-0.8
MM 0.8-1.0
~| N o Data

KOOTENAY

Edgewater

NATIONAL
PARK

Radium Hot \v
Springs

A
N

2

0

2 Kilometres
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Figure AS-lb: Winter habitat suitability
coefficients for elk, Radium Hot Springs
area, B.C. Higher values correspond to more
suitable conditions for elk. Coefficients were
derived from existing data sets. Details are
provided in Section 3.2.2.2.1.

LEGEND
/\/Highway
f\J
Railway
KNP Boundary
' Water Course
Study Area
Hab. Suitability Coef.
0-0.2
0.2 - 0.4
0.4 - 0.6
0.6-0.8
0.8-1.0
No Data

Edgewater

KOOTENAY
NATIONAL
PARK

Radium Hot
Springs

0

2 Kilometres

386

Figure A8-2: Forage and cover areas,
Radium Hot Springs area, B.C. Map was
created from the interpretation of a 1:20,000
orthophoto and subsequent field verification.
See Section 3.2.2.2.2 for details.

LEGEND
/ \ /
/ \ /
f\J
/ W

Highway
Railway
Water Course
K N P Boundary
\ Study Area

KOOTENAY
NATIONAL
PARK

Rachum Hot
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Figure A8-3: Distance from edge
coefficients for elk, Radium Hot Springs
area, B.C. Based on forage and cover areas
map (Fig. A8-2). Refer to Section 3.2.2.2.2 for
details.
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Figure A8-4a: Total summer habitat
coefficients for elk, Radium Hot Springs
area, B.C. Values represent the geometric
mean of summer habitat suitability (Fig. A 8 la) and distance from edge (Fig. A8-3)
coefficients.
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Figure A8-4b: Total winter habitat
coefficients for elk, Radium Hot Springs
area, B.C. Values represent the geometric
mean of winter habitat suitability (Fig. A8-lb)
and distance from edge (Fig. A8-3)
coefficients.
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Figure A8-5a: Summer human disturbance
coefficients for elk, Radium Hot Springs
area, B.C. Layer is based on a human use
inventory conducted during June-October,
1998 and literature review of elk responses to
human disturbance. See Section 3.2.2.3 for
details.
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Figure A8-5b: Winter human disturbance
coefficients for elk, Radium Hot Springs
area, B.C. Layer is based on a human use
inventory conducted during June-October,
1998 and literature review of elk responses to
human disturbance. See Section 3.2.2.3 for
details.
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Figure A8-7: Slope coefficients for elk,
Radium Hot Springs area, B.C. Values are

derivedfroma 1:20,000 digital elevation
model. Refer to Table 3-9 for a description of
slope categories and Section 3.2.2.4.2 for
details.
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Figure A8-8: Visual cover coefficients for
elk, Radium Hot Springs area, B.C. Table 310 provides an explanation of these
coefficients. Visual cover is defined as "cover"
areas in Fig. A8-2. Refer to 3.2.2.4.3 for
details.
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2

BIGHORN S H E E P

In this section I present the layers involved in running the bighorn sheep model. These
layers are summarized in Table A8-2 whereas a detailed account of the methods used in
the derivation of each layer was provided previously in Section 3.2.3 of the main text.
The final outputs of the bighorn sheep model, the corridor value layers, were presented in
Section 4.2.

Table A8-2: Intermediate and final outputs of the bighorn sheep model.

Routine

Layer Name

Fig. No.

Layers Used in
Calculation*

Habitat
Routine

Habitat Suitability - Summer
Habitat Suitability - Winter

A8-10a
A8-10b

-

Human
Disturbance
Routine

Human Disturb, for Sheep Summer
Human Disturb, for Sheep - Winter

A8-lla
A8-llb

Movement
Routine

Distance from Escape Terrain
Visibility
Total Movement Routine

A8-12
A8-13
A8-14

Corridor
Value

Corridor Value - Summer

4-4a **

Corridor Value - Winter

4-4b **

-

-

A8-12, A8-13
A8-10a, A 8 - l l a ,
A8-14
A8-10b, A 8 - l l b ,
A8-14

* "-" indicates a layer derived from input data. See Section 3.2.3 in main text for details.
** See Section 4.2.2.
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Figure A8-10a: Summer habitat suitability
coefficients for bighorn sheep, Radium Hot
Springs area, B.G. Higher values correspond
to more suitable conditions for sheep.
Coefficients were derived from existing data
sets. See Section 3.2.3.2 for details.
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Figure AS -1 Ob: Winter habitat suitability
coefficients for bighorn sheep, Radium Hot
Springs area, B.C. Higher values correspond
to more suitable conditions for sheep.
Coefficients were derived from existing data
sets. See Section 3.2.3.2 for details.
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Figure A8-1 la: Summer human
disturbance coefficients for bighorn sheep,
Radium Hot Springs area, B . C . Layer is
based on a human use inventory conducted
during June-October, 1998 and literature
review of bighorn sheep responses to human
disturbance. See Section 3.2.3.3 for details.
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Figure A8-llb: Winter human disturbance
coefficients for bighorn sheep, Radium Hot
Springs area, B.C. Layer is based on a human
use inventory conducted during June-October,
1998 and literature review of bighorn sheep
responses to human disturbance. See Section
3.2.3.3 for details.
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Figure AS-12: Distance from escape terrain
coefficients for bighorn sheep, Radium Hot
Springs area, B.C. Higher values represent
greater proximity to escape terrain. See Table
3-13 for corresponding distances and Section
3.2.3.4.1 for details.
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Figure A8-13: Visibility coefficients for
bighorn sheep, Radium Hot Springs area,
B.C. High visibility areas defined as "forage"
areas in Fig. A8-2. Areas of low and high
visibility were assigned values of 0.5 and 1.0,
respectively. Refer to Section 3.2.3.4.2 for
details.
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Figure A8--14: Movement Routine
coefficients for bighorn sheep, Radium Hot
area, B . C . Values arrived at by multiplying
distance from escape terrain (Fig. A8-12) and
visibility (Fig. A8-13) coefficients.
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3

GRIZZLY B E A R

Table A8-3 lists the layers used for the grizzly bear model. These layers appear in the
following pages. The reader is referred to Section 3.2.4 of the main text for a detailed
account of how each layer was derived. The final output of the grizzly bear model, the
corridor value layer, was presented in Section 4.2.

Table A8-3: Intermediate and final outputs of the grizzly bear model.

Routine

Layer Name

Fig. No.

Layers Used in
Calculation *

Security Areas
Routine
Linkage Zone
Routine

Security Areas Routine

A8-15

-

Human Features
Access Route Density
Visual Cover
Riparian Areas
Total Linkage Routine

A8-16
A8-17
A8-18
A8-19
A8-20

Slope (Movement Routine)

A8-21

-

Corridor Value - Summer

4-5 **

A8-15, A8-20,
A8-21

Movement
Routine
Corridor Value

* "-" indicates a layer derived from input data. See Section 3.2.4 for details.
** See Section 4.2.3.
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A8-16, A8-17,
A8-18, A8-19

Figure A8-15: Security areas coefficients for
grizzly bear, Radium Hot Springs area, B.C.
Modified from Gibeau et al. (1996) to reflect
more recent human use data collected during the
present study, June-October, 1998. Higher values
correspond to areas of greater security for grizzly
bears. Details are provided in Section 3.2.4.2.
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Figure A8-16: Human features scores for
grizzly bear, Radium Hot Springs area, B.C.
Scores based on Linkage Zone Prediction
model (Apps 1997). Lower scores represent
more suitable conditions for grizzly bears. See
Table 3-16 for description of classification
scheme and Section 3.2.4.3.1 for details.
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Figure A8-17: Access route density scores
for grizzly bear, Radium Hot Springs area,
B.C. Scores based on Linkage Zone Prediction
model (Apps 1997). Lower scores represent
more suitable conditions for grizzly bears. See
Table 3-18 for description of classification
scheme and Section 3.2.4.3.2 for details.
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Figure A8-18: Visual cover scores for
grizzly bear, Radium Hot Springs area, B.C.
Scores based on Linkage Zone Prediction
model (Apps 1997). Lower scores represent
more suitable conditions for grizzly bears. See
Table 3-19 for description of classification
scheme and Section 3.2.4.3.3 for details.
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Figure A8-19: Riparian scores for grizzly
bear, Radium Hot Springs area, B . C . Scores
based on Linkage Zone Prediction model
(Apps 1997). Lower scores represent more
suitable conditions for grizzly bears. See Table
3-20 for description of classification scheme
and Section 3.2.4.3.4 for details.
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Figure A8-20: Total linkage zone coefficients for
grizzly bear, Radium Hot Springs area, B.C. Arrived
at by suinming human features (Fig. A8-16), access
route density (Fig. A8-17), visual cover (Fig. (A8-18)
and riparian ( F i g A8-19) scores and converting to a 0-1
scheme. Higher values represent more optimal
conditions for grizzly bears. See Section 3.2.4.3.5 for
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Figure A8-21: Slope coefficients for grizzly
bear, Radium Hot Springs area, B.C. Values
were derived from a 1:20,000 digital elevation
model. See Table 3-22 for a description of
slope categories and Section 3.2.4.4 for details.
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