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Executive Summary
The Bow Valley from the Town of Banff to where the Bow River exits the mountains east of Canmore is a critical
component of Alberta’s Rocky Mountain ecosystem. It is a wide, low-elevation valley that supports a diverse
array of wildlife, including a number of iconic large mammals such as grizzly bears, wolves, elk, and cougars.
Along with its considerable ecological importance, the Bow Valley provides substantial socio-economic value for
Albertans. Tourism and recreation have been prevalent in the Bow Valley at least since Banff National Park was
established in 1885, and the valley has become one of the most desirable locations in Alberta for people to work,
live and play. The ensuing residential and commercial development has been substantial, and Canmore’s
population continues to grow. Demand for additional developments in the Bow Valley remains high and the
potential contribution of such development to Alberta’s economy is significant. However, human development
tends to fragment wildlife habitat, reducing both the amount and quality of available habitat and impeding wildlife
movement. Consequently, socio-economic and ecological values in the Bow Valley are not always compatible
and measures to reduce the impacts of development on wildlife are actively sought by developers, governments,
and residents of the Bow Valley.
One approach to reduce the impacts of development and maintain ecological function in fragmented landscapes
is to identify and protect wildlife corridors, and wildlife corridor designation plays an important role in sustainable
development planning in the Bow Valley. Wildlife corridors in the Bow Valley must function at a local spatial
scale over short periods of time, such that wildlife with large area requirements can continue to travel between
habitat patches fragmented by development. The 1998 Wildlife Corridor and Habitat Patch Guidelines prepared
by the Bow Corridor Ecosystem Advisory Group presented a practical definition of corridors as follows: a wildlife
corridor is “an area of land designed to provide connectivity among habitat patches”. In contrast, a wildlife
habitat patch is defined as a place that meets a wide spectrum of habitat requirements for wildlife. As such,
“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”.
In 1989, Three Sisters Golf Resorts Inc. (now known as Three Sisters Mountain Village) acquired lands in the
Bow Valley for development purposes. Much of the land acquired by Three Sisters was deemed by the Province
to have high ecological value. In recognition of the ecological importance of some of these lands, Three Sisters
signed a land exchange agreement with the Province in 1990, relinquishing 1,330 acres of sensitive wildlife
habitat in the Wind Valley and Wind Ridge in exchange for 1,200 acres of Crown land that created a more
contiguous land holding for Three Sisters. In 1991, the Town of Canmore annexed over 13, 318 acres including
most of the Three Sisters lands from the Municipal District of Bighorn and Improvement Districts 5 and 8. In late
1991, Three Sisters presented the Province with a proposal to develop a recreation and tourism project for the
property. The application for the project was subsequently referred to as the Natural Resources Conservation
Board (NRCB). The NRCB held extensive public hearings and consultation throughout 1992 and concluded
their deliberations later that year in a written decision.
In November 1992, the NRCB granted approval to the Three Sisters Golf Resorts to develop their lands
(NRCB#9103-1992 Approval No.3). The approval permitted Three Sisters to develop golf courses, residential
neighbourhoods and supporting commercial infrastructure. However, development was denied in the Wind
Valley portion of the project, which included the lower portions of Wind Ridge, primarily because these areas
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were environmentally sensitive. In response to the NRCB Decision, Three Sisters transferred an additional 525
acres of wildlife habitat in the Wind Valley and Wind Ridge areas to the Province in 1994. Additionally, the
NRCB placed 15 conditions on the development approval, including that wildlife movement be maintained along
the south side of the Bow Valley in the vicinity of the development.
The NRCB condition that wildlife corridors be maintained around and through development property was
implemented in conjunction with development plans. From 1992 through to 2008 the development of the resort
project proceeded in stages. The Province and Three Sisters worked cooperatively to designate and protect
wildlife corridors on the Three Sisters Mountain Village (TSMV) property as well as on Crown land. In 1998, a
primary wildlife corridor, later named the ‘Along Valley Corridor’, was approved by the Province. Portions of the
primary corridor were identified and protected with conservation easements on TSMV property. For
development to proceed in the eastern portion of the TSMV property, as approved by the NRCB, there is a
requirement to identify and designate a wildlife movement corridor that will connect the approved Along Valley
Corridor to the Wind Valley.
The delineation and protection of a wildlife movement corridor in the Wind Valley area remains undesignated
primarily because corridor delineation within the Bow Valley has proven challenging. The efficacy of established
corridors and the specific criteria that should be used to guide corridor design are disputed. Not only is the
science of corridors in general and its application to the Bow Valley in particular still developing, but corridor
placement in the Canmore area also has become an intensely political issue. Scientific uncertainty, controversy
and opposing stakeholder opinions have all contributed to a lack of official corridor designation at the north end
of the Wind Valley.
In February 2009, TSMV was placed into court-ordered receivership and PricewaterhouseCoopers Inc. (PwC)
was appointed the Receiver and Receiver Manager. Consequently, PwC was tasked with determining the value
of the asset for the Creditors. The lack of an officially designated wildlife corridor associated with undeveloped
TSMV lands was a significant encumbrance on the development potential of the property because the extent of
developable lands could not be clearly defined without official corridor designation.
Since February 2009, TSMV has been engaged in corridor discussions with Alberta Environment and Sustainable
Resource Development (ESRD) and its predecessor, Alberta Sustainable Resource Development (ASRD) and
Alberta Tourism, Parks and Recreation (ATPR) who jointly engaged George Cuff and Associates (Cuff) to examine
the issue of a corridor designation at the north end of the Wind Valley. PwC supported this initiative to expedite
closure on the corridor issue and became actively engaged in the process. This included numerous discussions
with Cuff and consultation with technical experts in the area of wildlife corridors. This culminated in a meeting on
August 17, 2009, between the Receiver, the Creditors, Cuff, and representatives from ESRD and ATPR. At that
meeting, ESRD indicated that they would work with the Receiver to reach a preliminary recommendation for the
location of a wildlife corridor by the end of October 2009. Although Cuff’s review proceeded more slowly than
expected, PwC and ESRD continued to work together throughout the fall of 2009.
At a meeting held in December 2009 that was attended by the Deputy Minister of ESRD and PwC, ESRD advised
PwC that Condition 14 of the NRCB Decision required TSMV (hence, the Receiver) to propose the location of a
wildlife corridor. Specifically, Clause 14 of Appendix C in the 1992 NRCB Decision states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors in
as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
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In addition ESRD requested that the corridor proposal use the best available science, recognize the current
corridor literature and consider the concerns raised by environmental groups.
In February 2010, PwC retained the services of Golder Associates Ltd. (Golder) as an objective third party to
review relevant scientific literature pertaining to corridors, use the best available science and apply empirical
data on wildlife habitat use to delineate a potential wildlife corridor connecting the Along Valley Corridor to the
Wind Valley Habitat Patch and Bow Flats Habitat Patch. In order to maintain and protect wildlife movement, PwC
was interested in defining wildlife corridors to complete the corridor network in the Bow Valley by linking the
approved Along Valley Corridor on the south side of the Bow Valley to the Wind Valley Habitat Patch and the
Wind Valley Habitat Patch to the Bow Flats Habitat Patches via the G8 Legacy Underpass.
In its 1992 decision, the NRCB was keenly aware that human development had the potential to disrupt wildlife
populations and ecosystem function and stipulated in its approval that wildlife corridors must be maintained
around or through development property to facilitate wildlife movement. However, the decision also clearly
indicates that development ought to proceed provided connectivity among habitat patches for wildlife in the Bow
Valley is maintained. In light of the requirements of the NRCB, PwC posed the following question to Golder:
Would a corridor have to be placed on TSMV property or could an effective wildlife corridor
be located on land outside the TSMV property to provide connectivity between designated
wildlife habitat patches?
Recognizing that shorter, wider corridors tend to be more effective, two distinct corridors were proposed for
evaluation:



The proposed Wind Ridge Corridor is 354 hectares (874 acres) in size, is >2.5 km wide, and links the
approved Along Valley Corridor to the Wind Valley Habitat Patch on the south side of the currently
undeveloped TSMV property via Wind Ridge. Borders of the proposed Wind Ridge Wildlife Corridor were
set such that they abutted TSMV property to the north, the Wind Valley Habitat Patch to the southeast, and
the approved Along Valley Corridor to the west. To the southwest, the border of the corridor was designed
to provide a straight-line connection between the upper limit of the approved Along Valley Corridor and the
Wind Valley Habitat Patch.



The proposed Pigeon Mountain Corridor encompasses 184 hectares (454 acres), is >1.3 km wide, and
links the Wind Valley Habitat Patch to the Bow Flats Habitat Patch. The proposed corridor is positioned on
the east side of the road running south from the Trans Canada Highway and leading to the Banff Mountain
Gate Resort (formerly, the Alpine Resort Haven). Borders of the proposed Pigeon Mountain Corridor were
drawn so that they abutted the Trans Canada Highway to the north and the Wind Valley Habitat Patch to
the south, and avoided overlapping built-up areas and roads associated with the existing Banff Mountain
Gate Resort developments (i.e., conforming to the NRCB requirement that corridors remain in as
undeveloped a state as possible). To the east, the border of the corridor was designed to accommodate a
wide corridor on the shoulder of Pigeon Mountain.

These corridors meet all of the requirements of the NRCB decision and are consistent with the best available
science concerning animal movement. Both proposed corridors occur outside of TSMV property because that is
where the shortest and most direct routes linking the approved Along Valley Corridor to the Wind Valley Habitat
Patch and linking the Bow Flats Habitat Patch to the Wind Valley Habitat Patch via the G8 underpass are found.
Habitat suitability modeling using Resource Selection Functions (RSF) was conducted to provide spatial
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depictions of relative habitat quality for wildlife in the Bow Valley as a means of evaluating the proposed
corridors. Grizzly bears, wolves, elk and cougars, were selected as indicator species for this purpose and RSF
models for these species show that habitat quality on TSMV property is generally higher than in the proposed
corridors. However, RSF models in conjunction with empirical movement data indicate that, if the proposed
corridors are designated, wildlife habitat lost to development on TSMV lands will not substantially restrict the
ability of these species to move from the Wind Valley to other parts of the Bow Valley.
The proposed Wind Ridge Corridor should effectively maintain wildlife movement between the Wind Valley
Habitat Patch to the Along Valley Corridor. Similarly, the proposed Pigeon Mountain Corridor should effectively
connect the Wind Valley Habitat Patch and the G8 Legacy Underpass, which provides a link to the Bow Flats
Habitat Patch. Both proposed corridors are sufficiently large to function as “all in” corridors and therefore do not
require additional setbacks or buffering. Consequently, the proposed Wind Ridge Corridor and Pigeon Mountain
Corridor satisfy the requirement of the 1992 NRCB decision that wildlife connectivity in the Bow Valley be
maintained.
As noted above, available evidence, including GPS location data, camera trap data, survey data and habitat
models, indicated that the proposed Wind Ridge Corridor would provide an effective link between the terminus of
the approved Along Valley Corridor and the Wind Valley Habitat Patch. As a result, Golder concluded that
development of Site 9 would not prevent wildlife movement. However, Site 9 consists of habitat with relatively
high values for wildlife and its development will make maintaining wildlife habitat challenging, even if low density
development is implemented. Because Site 9 is not required for a wildlife movement corridor, the best option to
maintain Site 9’s habitat values for a full range of wildlife species would be to protect part or all of it as a
designated wildlife habitat patch.
The current location of the Stewart Creek Underpass occurs at the extreme eastern edge of the approved
Stewart Creek Corridor. However, ESRD requested that the Stewart Creek Underpass be centered on the
corridor to provide an adequate buffer of protected land on either side of the underpass. Golder evaluated the
landscape using RSF models and concluded that the proposed changes will improve the design and efficacy of
the Stewart Creek Corridor. The change will require TSMV to provide an additional 0.67 ha of land.
Habitat enhancements have been identified as one way to improve the efficacy of wildlife corridors. ESRD
enquired about the potential for enhancement sites to be created by deforesting small areas within the eastern
arm of the approved Along Valley Corridor. Golder conducted a modelling exercise using RSF models, the
results of which indicated that the enhancement sites improve habitat suitability for grizzly bears, wolves, elk,
and cougars. Using deforestation as a habitat improvement technique in the approved Along Valley Corridor will
increase probability of selection for many wildlife species, including all of the large mammal species for which
Golder conducted habitat suitability modelling.
ESRD identified a portion of Site 7 which they deemed important for wildlife movement. The land in question
consists primarily of public land, but also includes 3.67 ha of TSMV property in which habitat values are high for
cougars and wolves, and especially high for elk and grizzly bears. Protecting these lands may improve the
efficacy of the Along Valley Corridor, particularly if Site 9 is designated as a habitat patch. However, care should
be taken to discourage wildlife residency because of the high habitat value of the area.
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INTRODUCTION
Golder Associates Ltd. (Golder) was retained in 2010 by PricewaterhouseCoopers Inc. (PwC) to provide a
review and assessment of wildlife corridors and Three Sisters Mountain Village (TSMV) property in the Bow
Valley near Canmore, Alberta. Golder provided a report in July 2012 that evaluated and proposed effective
corridor options based on the best available science and the 1992 Natural Resources Conservation Board
Decision Report, which outlines approval conditions for developing TSMV property. That report comprises
Section 1.0 of this document.
Subsequent to the preparation of Section 1.0, PwC requested that Golder prepare an additional report to
summarise the corridor proposal and address a number of other matters that had been raised by Alberta
Environment and Sustainable Resource Development (ESRD). Sections 2.0 and 3.0 of this document are
comprised of the sections of that report which dealt with Site 9 and the additional matters raised by ESRD.
This report, dated September 15, 2012, supersedes all other Golder reports evaluating proposed wildlife
movement corridors relative to TSMV’s Site 9.
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1.0
1.1
1.1.1

WILDLIFE CORRIDORS AND THE THREE SISTERS MOUNTAIN
VILLAGE
Background
Ecological Integrity and Human Values in the Bow Valley

The Bow Valley from the Town of Banff to where the Bow River exits the mountains east of Canmore is a critical
component of Alberta’s Rocky Mountain ecosystem. This wide, low-elevation valley provides essential winter
habitat for deer (Odocoileus species), elk (Cervus elaphus), and bighorn sheep (Ovis canadensis), and supports
large carnivores such as wolves (Canis lupus) and cougars (Puma concolor) that rely on these prey species.
During spring through fall, the Bow Valley also contains high-quality habitat for black bears (Ursus americanus)
and grizzly bears (Ursus arctos). In addition to supporting iconic large mammals, the Bow Valley maintains a
diverse array of medium and small-sized mammals, along with a variety of birds, amphibians and fishes.
Indeed, with the exception of extirpated bison (Bison bison), the Bow Valley is home to a full assemblage of
native species (White et al. 2007).
In recognition of its ecological importance and natural beauty, much of the Bow Valley and the mountain ranges
to the north, south, and west are protected by provincial and federal legislation. The western portion of the Bow
Valley falls within Banff National Park and so is conserved under the Canada National Parks Act. East of the
Banff National Park boundary, substantial portions of the Bow Valley and adjacent mountain valleys are
protected by the Province of Alberta within a network of Provincial Parks and Protected Areas, including Bow
Valley Wildland Provincial Park, Don Getty Wildland Provincial Park, Canmore Nordic Centre Provincial Park,
Bow Valley Provincial Park and Spray Valley Provincial Park. South of the Bow Valley, these parks fall within
Improvement District #5 (Kananaskis Country).
In addition to its ecological value, the remarkable biodiversity and the natural splendour of the mountain
landscape ensure that the Bow Valley also holds substantial value for people. Tourism and recreation have
been prevalent in the Bow Valley since Banff National Park was established in 1885. As a result of its immense
popularity, Banff is among the most frequently visited national parks in the world (Banff-Bow Valley Study 1996).
The park is accessed by the Trans Canada Highway, which bisects the Bow Valley along its length. Historically,
the Bow Valley east of Banff National Park around the Town of Canmore was used extensively for coal mining,
but by 1979 low demand for coal caused the mines to close. After hosting the Nordic events during the 1988
Winter Olympics, Canmore’s economy shifted away from resource extraction and became firmly entrenched in
tourism and recreation. Canmore’s position at the gateway of Banff National Park, combined with scenic
mountain views, excellent opportunities for outdoor recreation and close proximity to the city of Calgary (current
population >1 million), made it a desirable location for people to work, live and play. Resulting development has
been substantial, and in addition to construction of new golf courses, hotels and other infrastructure, Canmore’s
population approximately doubled between 1993 and 2009, increasing from 6,621 to 12,226 permanent
residents, and to a population of over 17,000 when non-permanent second home owners are included (Town of
Canmore 2010). As one of the most desirable communities in Canada, demand for additional development in
Canmore remains high, and the potential contribution of such development to Alberta’s economy would be
substantial.
However, human development can negatively impact the ecological function of landscapes, and development
interests are not always compatible with maintaining viable ecosystems (Hilty et al. 2006). Roads and buildings
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reduce habitat quality for many species and can impede wildlife movement (Huck et al. 2010). Without effective
movement corridors, wildlife populations can become isolated, potentially creating genetic bottlenecks and
reducing population viability (Fahrig and Merriam 1985). Existing developments in the Bow Valley including the
Trans Canada Highway (which is fenced to reduce vehicle-wildlife collisions), the Canadian Pacific Railway, and
the towns of Canmore and Banff already reduce habitat quality and/or increase mortality risk for many wildlife
species and also present potential obstacles to wildlife movement. Consequently, human development must be
carefully managed in the Bow Valley to preserve the area’s ecological integrity.
Within the Bow Valley, development is permitted only on approved development properties. Even where
development is permitted, substantial consideration has been given to ecological integrity in the Bow Valley,
particularly with respect to wildlife. As development in the Bow Valley began to progress rapidly during the
1990s, a number of habitat patches were identified and set aside to provide for the needs of a variety of wildlife
species (BCEAG 1999a). There also was clear recognition that to be effective, these habitat patches must be
linked to one another so that wildlife could move freely between them (BCEAG 1999a). This is especially true
for large mammals, for which several habitat patches in the Bow Valley are too small to meet all of an individual
animal’s requirements (BCEAG 1999a), and population viability depends on connectivity among patches
(Weaver et al. 1996). Consequently, a network of corridors and highway crossing structures was developed to
link disparate habitat patches to one another (Figure 1).
The wildlife corridor network in the Bow Valley is nearly complete. All corridors depicted in Figure 1 have been
officially approved and structural linkages among most habitat patches are therefore secure. However, wildlife
corridors have yet to be formally designated on the south side of the Trans Canada Highway near the Wind
Valley. This is the same area where Three Sisters Mountain Village ULC (TSMV) owns property which was
approved for development by the Natural Resources Conservation Board (NRCB) in 1992. Linkages between
the Wind Valley Habitat Patch and other habitat patches in the Bow Valley will not be secure until effective
wildlife corridors are identified and protected in this region. Specifically, linkages between the approved portion
of the Along Valley Corridor and the Wind Valley Habitat Patch and between the Bow Flats Habitat Patch and
the Wind Valley Habitat Patch via the G8 Legacy Underpass (which permits wildlife passage under the TransCanada Highway) will be necessary to ensure connectivity among habitat patches in the Bow Valley (Figure 2).
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WILDLIFE CORRIDORS AND THE TSMV

1.1.2

Development of Three Sisters Properties

In the late 1980s, Three Sisters Golf Resorts Inc. acquired lands in the Bow Valley south of the Bow River for
development purposes. Much of the land acquired by Three Sisters had ecological value, and in 1990 Three
Sisters signed a land exchange agreement with the Province, relinquishing 1,330 acres of sensitive wildlife lands
in the Wind Valley and Wind Ridge areas in exchange for 1,200 acres of land contiguous to their remaining
holdings. In 1991, the Province approved an annexation order and the Town of Canmore annexed 13,318 acres
including most of the Three Sisters lands from the Municipal District of Bighorn and Improvement Districts 5
and 8.
In late 1991, Three Sisters submitted an application to the Province for a recreation and tourism project to
develop their land holdings in the Bow Valley. In 1992, after extensive public hearings, the NRCB granted
approval to Three Sisters to develop their lands with the exception of Wind Valley (NRCB#9103-1992 Approval
No.3; hereafter referred to as NRCB 1992). In addition to golf courses, the approval permitted residential
development and supporting commercial infrastructure. In its decision, the NRCB was keenly aware that human
development had the potential to disrupt wildlife populations and ecosystem function, and the approval for
development was restricted accordingly.
Importantly, the portion of the initial application requesting
development of the Three Sisters property in the lower portion of the Wind Valley was denied, and a subsequent
land exchange in 1994 saw Three Sisters transfer another 525 acres in the Wind Valley to the Province. On the
remaining lands approved for development, the economic and social benefits of the project were deemed
sufficiently great that the development of Three Sisters property remained in the public’s interest despite
potential environmental impacts (NRCB 1992).
Although development had been given approval, the NRCB placed conditions on the approval, including a
provision that wildlife corridors be maintained around or through development property to facilitate wildlife
movement and reduce the overall environmental impacts of the project. Specifically, Clause 14 of Appendix C in
the 1992 NRCB Decision states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors in
as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
From 1992 through to 2008, the development of the resort project proceeded in stages. The Province and Three
Sisters worked cooperatively to designate and protect wildlife corridors on the TSMV property as well as Crown
land. In 1998 a primary wildlife corridor, later named the ‘Along Valley Corridor’ was approved by the Province.
Portions of the primary corridor were protected with conservation easements on TSMV property.
For
development to proceed in the eastern portion of the TSMV property, as approved by the NRCB, there remains
the requirement to identify and designate a wildlife movement corridor that will connect the approved Along
Valley Corridor to the Wind Valley
Currently, the eastern portion of the TSMV property remains undeveloped, permitting uninhibited wildlife movement
through the area (Figure 3). As directed by the NRCB, there is a requirement to identify and designate a wildlife
movement corridor (or series of corridors) to ensure that wildlife movement among habitat patches on the south
side of the Bow Valley is retained. On the current landscape, this means connecting the approved Along Valley
Corridor to the Wind Valley Habitat Patch and the Bow Flats Habitat Patch to the Wind Valley Habitat Patch via the
G8 Legacy Underpass.

September 15, 2012
Report No. 12-1332-0001

6

WILDLIFE CORRIDORS AND THE TSMV

Although TSMV development was approved in 1992, corridor delineation within the Bow Valley has proven a
challenging and time-consuming process. The efficacy of established corridors and the specific criteria that
should be used to guide corridor design are disputed (BCEAG 1999a, Herrero and Jevons 2000, Golder 2002,
Jacques Whitford AXYS 2008). Not only is the science of corridors in general and its application to the Bow
Valley in particular still developing, but corridor placement in the Canmore area also has become an intensely
political issue (Kennett 2005). Scientific uncertainty, controversy and opposing stakeholder views have all
contributed to a lack of official corridor designation at the north end of the Wind Valley.
On 27 February 2009, a Receivership Order (File No. 0901-03000), issued by Justice Romaine of the Court of
Queen’s Bench of Alberta Judicial District of Calgary, placed TSMV into receivership and appointed
PricewaterhouseCoopers Inc. (PwC) as the Receiver and Receiver Manager. PwC extensively reviewed the
TSMV file, concluding that the lack of an officially designated wildlife corridor associated with undeveloped
TSMV lands was a significant encumbrance on the development potential of the property because the extent of
the footprint of the asset could not be clearly defined without it.
Since February 2009, TSMV has been engaged in corridor discussions with Alberta Environment and Sustainable
Resource Development (ESRD) and its predecessor Alberta Sustainable Resource Development (ASRD), and
Alberta Tourism Parks and Recreation (ATPR) who jointly engaged George Cuff and Associates (Cuff) to examine
the issue of a corridor designation at the north end of the Wind Valley. PwC supported this initiative to expedite
closure on the corridor issue and became actively engaged in the process. This included numerous discussions
with Cuff and consultation with technical experts in the area of wildlife corridors. This culminated in a meeting on
August 17, 2009, between the Receiver, the Creditors, Cuff, and representatives from ESRD and ATPR. At that
meeting, ESRD indicated that they would work with the Receiver to reach a preliminary recommendation for the
location of a wildlife corridor by the end of October 2009. Although Cuff’s review proceeded more slowly than
expected, PwC and ESRD continued to work together throughout the fall of 2009.
In December 2009, ESRD requested a meeting with PwC during which they advised PwC that the Clause 14 of the
NRCB Decision required TSMV (hence, the Receiver) to propose the location of a wildlife corridor to ESRD. In
addition, ESRD requested that the proposal utilize the best available science, recognize the current corridor
literature and consider the concerns raised by environmental groups.
In February 2010, PwC retained the services of Golder Associates Ltd. (Golder) as an objective third party to
review relevant scientific literature pertaining to corridors utilize the best available science and use empirical data
on wildlife habitat use to evaluate potential wildlife corridors connecting the approved Along Valley Corridor to
the Wind Valley Habitat Patch and the Bow Flats Habitat Patch to the Wind Valley Habitat Patch via the G8
Legacy Underpass. After extensively researching the matter, Golder produced initial findings and a draft report
in October 2010. This draft document was peer-reviewed by external reviewers Dr. Cheryl Chetkiewicz (Wildlife
Conservation Society Canada) and Dr. Mark Boyce (University of Alberta). Further, ESRD biologists completed
a thorough due diligence process and provided their comments to Golder through the Receiver in late 2010 and
at several intervals throughout 2011. Golder addressed concerns and incorporated comments from the
reviewers, producing the final version of the report presented here.
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1.2

Approach

The purpose of this report was to evaluate corridor placement with respect to TSMV property in the Bow Valley.
Specifically, the goal was to identify and evaluate potential wildlife corridors linking the approved Along Valley
Corridor to the Wind Valley Habitat Patch and the Bow Flats Habitat Patch to the Wind Valley Habitat Patch via
the G8 Legacy Underpass. The following steps were undertaken to achieve this goal:



a review of the requirements for wildlife corridors with respect to TSMV property as outlined in the 1992
NRCB Decision Report issued for “Application #9103 – Three Sisters Golf Resorts Inc. Application to
Construct a Recreational and Tourism Project in the Town of Canmore, Alberta”;



a review of scientific literature and other relevant reference materials pertaining to wildlife movement and
wildlife corridors, with a particular emphasis on the Bow Valley;



a review of publicly available correspondence and reference materials concerning the issues, challenges
and objections of local environmental advocates with respect to continued development of TSMV lands and
implementation of an effective wildlife corridor linking the Wind Valley Habitat Patch to other habitat patches
in the Bow Valley;



mapping of wildlife habitat suitability in the Bow Valley using empirical Resource Selection Function (RSF)
models developed for grizzly bears, wolves, elk, and cougars;



delineation of a wildlife corridor or series of wildlife corridors that are consistent with the specific
requirements of the 1992 NRCB decision, ensure wildlife movements between the approved Along Valley
Corridor and the Wind Valley Habitat Patch and between the Bow Flats Habitat Patch and the Wind Valley
via the G8 Legacy Underpass are maintained and consider potential development of TSMV lands;



an assessment of wildlife habitat suitability within the proposed corridor(s) and on TSMV lands using the
results of the empirical models and site-specific wildlife tracking and telemetry data; and



preparation of a synthesis of the corridor literature review, the empirical habitat suitability data and the
additional site-specific wildlife data collected in the area of interest to predict the efficacy of the delineated
corridor(s) for maintaining wildlife movement between the Wind Valley Habitat Patch and adjacent habitat
patches in the Bow Valley.

A set of guidelines for wildlife corridors established for the Bow Valley in the late 1990s by the Bow Corridor
Ecosystem Advisory Group (BCEAG) were also considered. The approach taken by the BCEAG was to review
scientific literature and evaluate results of local research, primarily on large carnivores. In 1997, the BCEAG
published the first version of their document, Wildlife Corridor and Habitat Patch Guidelines for the Bow Valley,
which was followed shortly after by updated versions in 1998 and 1999. The intent of the document was to
establish consistent science-based standards that might be followed to ensure effective wildlife corridor design in
the Bow Valley. A draft update to these guidelines was produced in 2011 (BCEAG 2011), but has not been
accepted. Although the BCEAG (1999a, 2011) guidelines expressly state that they do not apply to TSMV, the
science behind them was evaluated to determine their applicability to the evaluation of wildlife corridor
placement with respect to TSMV property. BCEAG’s definition of a wildlife corridor and some of the principles of
corridor design are sound; however, the specific prescriptions and cut-off values presented by the BCEAG are
not supported in the literature and were not applied in this assessment (see Section 3.4).
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1.3

Wildlife Corridors and Three Sisters Mountain Village: the Legal,
Scientific, and Political Context

In order to define wildlife corridors with respect to TSMV, it is important to first understand the legal, scientific,
and political context within which corridors will be designated. In this section, the available literature pertaining
to each of these topics is reviewed and discussed.

1.3.1

Decision Criteria: the Natural Resources Conservation Board and a ScienceBased Approach

Much of the wildlife corridor network with respect to TSMV property has been approved. However, substantial
controversy has developed over the past decade concerning the location of an extension of the approved Along
Valley Corridor that connects to the Wind Valley Habitat Patch. Stakeholder opinion is often diametrically
opposed, and although proposals have been generated and submissions made, no consensus has been
achieved regarding corridor placement. Consequently, a succinct and transparent set of criteria by which wildlife
corridors can be designed, evaluated and approved is required.
TSMV is an approved development, and the statutory document governing its implementation is the November
1992 NRCB Decision Report. Hence, decision making concerning wildlife corridors with respect to TSMV must
take direction from this document. The various opinions, reports and proposals regarding the completion of the
Along Valley Corridor that have been written since the original 1992 decision (e.g., Regional Wildlife Corridor
Study 2002, Kennett 2005), must not govern the current decision-making process as the relevant stakeholders
did not formerly accept their conclusions.
Both the Receiver (PwC) and the Province (ESRD) have agreed that the 1992 NRCB Decision Report, which
required wildlife corridor designation prior to TSMV development (i.e., Clause 14 of Appendix C), constitutes the
basis for decision making with respect to corridor placement. The NRCB (1992) makes clear that the primary
purpose of wildlife movement corridors is to ensure that development will not prevent animals from moving
between habitat patches within the Bow Valley or at broader regional scales. Specifically, the NRCB requires
the following with respect to corridors:


wildlife corridors should be legally designated by the Province (NRCB 1992 pp. 10-38);



primary wildlife corridors should not be narrower than 350m, except under unusual circumstances
(NRCB 1992 pp. 10-38);



width and location of corridors should be reviewed with the full range of wildlife species expected to use
them in mind (NRCB 1992 pp. 10-38);



roads, pathways and utility lines should be bundled (i.e., cross corridors in the same place) to minimize
corridor fragmentation (NRCB 1992 pp. 10-38);



corridors should correspond with known movement routes of animals (NRCB 1992 pp. 10-38); and



corridor designation should occur at a regional scale and corridors on private and provincial lands must
be linked (NRCB 1992 pp. 10-38).

The NRCB (1992) is silent about the use of science to facilitate corridor designation or to ensure that corridors
will be used by wildlife for movement. However, support for the use of science is provided in a letter to TSMV
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from the NRCB dated April 6, 2004 which states that the Board was satisfied with the “application of more recent
scientific thought in relation to wildlife corridor design”. A science-based approach, moreover, provides an
objective and defensible means of evaluating the efficacy of wildlife corridors that meet the above criteria.
ESRD supports a science-based approach to corridor designation. Likewise, environmental organizations
frequently advocate corridor designation based on the best available science (e.g., letter to ESRD Minister
Knight from the Alberta Wilderness Association dated July 18, 2011). It is therefore critical to determine what the
most recent scientific literature and empirical data from the Bow Valley have to say about where effective wildlife
corridors (as defined within the context of the 1992 NRCB decision and the available peer-reviewed literature)
might be placed.

1.3.2

What Constitutes an Effective Wildlife Corridor in the Bow Valley?

Human development fragments wildlife habitat, reducing habitat quality and restricting animal movements.
Corridors are crucial conservation tools for maintaining connectivity and ecological function in developed
landscapes (Beier and Noss 1998, Tewksbury et al. 2002). The NRCB (1992) clearly recognizes the importance
of wildlife corridors by imposing restrictions on development of TSMV until corridors are formally designated.
Although the NRCB provides some direction regarding the physical characteristics of corridors (e.g. >350m
wide), the Board provides little indication of what constitutes an effective corridor, nor does it prescribe the
precise location of wildlife corridors.
The word “effective” is not found in the context of corridors in NRCB (1992). However, NRCB (1992) does state
the following: “favouring areas unsuitable for development which may or may not be used by elk is not likely to
result in successful mitigation” (NRCB 1992 pp. 10-38). Thus, although the word is not used directly, the Board
clearly intended that wildlife corridors be “effective”, in that they would be used by wildlife for movement. This
interpretation also is consistent with the NRCB (1992) recommendation that corridors correspond to known
movement routes of animals (NRCB 1992 pp. 10-38). However, for discussions on corridor placement to move
forward, a more precise definition of what constitutes an effective corridor, in light of NRCB (1992) and in the
context of the Bow Valley, is required (Attachment 1).
When evaluating movement corridors, the definition of “effective” varies depending on the type of corridor. For
instance, corridors might be designed in a meta-population framework, such that they permit animals to disperse
from their natal area and travel to new habitat patches once in a lifetime, reducing extinction risk in fragmented
landscapes (Beier 1995). Corridors also can be designed to maintain the genetic diversity of wildlife. In such
cases, corridors need only be used infrequently, perhaps only a handful of times in a generation (Mills and
Allendorf 1996). Although population-level corridor functions clearly are important in the Bow Valley, a third
motivation for wildlife corridors in the Canmore area is to ensure connectivity at a local spatial scale and over
short periods of time (i.e., within valley movements by individual animals at seasonal temporal scales or finer;
BCEAG 1999a).
When considering corridors at this finer scale, humans often view wildlife habitat in binary terms. A patch is
either habitat, which can be used by wildlife, or matrix, which may occasionally be used but does not meet the
needs of wildlife (Bender and Fahrig 2005). Development is thought to replace habitat with unsuitable matrix
and so corridors, which are often linear in nature, are set aside to connect patches of habitat fragmented by
matrix. Although such a dichotomous view of the landscape is unlikely to be shared by wildlife (Chetkiewicz et
al. 2006), it is nevertheless useful for conservation purposes to clearly identify places where development can
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occur, places that are preserved as wildlife habitat, and other places which will serve as movement corridors to
connect habitats fragmented by development (Beier et al 2008). In this way, individual animals that cannot meet
all of their requirements inside a single habitat patch are able to use the corridors many times over the course of
a year to incorporate multiple habitat patches into their home ranges (BCEAG 1999). Thus, a definition of an
“effective” corridor that fits this application for corridors in the Bow Valley is required.
The Bow Corridor Ecosystem Advisory Group (BCEAG) presents a practical definition of corridors in this regard.
In contrast to a wildlife habitat patch, which is defined as a place that meets a wide spectrum of habitat
requirements for wildlife, a wildlife corridor is “an area of land designed to provide connectivity among habitat
patches” (BCEAG 1999 pp. 5). As such, “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” (BCEAG 1999 pp. 5). In other words, habitat quality within corridors need not be high, so long as wildlife
are willing to use the corridor to travel between habitat patches. This definition is consistent with the NRCB
(1992), which makes clear that the primary purpose of corridors is to ensure that animals can move from one
habitat patch to another without being forced to cross developed areas (NRCB 1992 pp. 10-51). Consequently,
an effective wildlife corridor is defined as a corridor that facilitates movement of wildlife from one habitat patch to
another (Taylor et al. 2006).
Corridor efficacy can also be considered in light of human-wildlife conflict (Attachment 2). The NRCB (1992)
approved development with the knowledge that populations sinks (i.e., a place that animals prefer to be, but
where they have high mortality risk) might be created if animals were attracted to development (NRCB 1992 pp.
10-42 and 10-43), and the Board looked to aversive conditioning to keep animals out of developed areas.
Nevertheless, considering the implications of wildlife habituation and human-wildlife conflict for corridor efficacy
is prudent given that conflicts between people and wildlife are common in the Bow Valley, sometimes with
significant negative consequences (Chetkiewicz et al. 2006).
When corridors start to function as habitat, they can disrupt rather than facilitate movement (Andreassen et al.
1996). Consequently, incorporating too much high-quality habitat into corridor design where corridors occur near
or within human developments can be counter-productive; it might encourage animals to remain in places where
they have an increased risk of mortality (known as an attractive sink; Delibes et al 2001, Nielsen et al. 2006).
Chetkiewicz et al. (2006) point out that questions about the best types of habitat to incorporate into corridor
design remain unanswered, but that habitats of moderate suitability may facilitate movement while preventing
residency (see also Schultz 1998). Given the potential for human-wildlife conflict, narrow corridors consisting of
high-quality habitat for wildlife should not be placed through developable lands (i.e., with development on either
side) unless no other option is available. This is especially true if developed land remains somewhat attractive to
wildlife (e.g., green spaces within development) because wildlife that are encouraged to use the corridor for
movement may be attracted into developed areas where the potential for conflict is high.
An ideal situation for corridor efficacy from the perspective of human-wildlife conflict in the Bow Valley would be
for aversive conditioning and attractant management to reduce habitat suitability of developed landscapes to
near nil, for wildlife to use corridors of moderate quality near development for movement (but for animals to
spend little time near development), for the amount of corridor edge bordering development to be minimized and
for high-quality habitat patches to retain animals most of the time (i.e., the highest probability of selection for
habitats should occur in habitat patches).
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1.3.3

Designing and Evaluating Wildlife Movement Corridors

Designing and evaluating wildlife corridors can be challenging. Wildlife corridors must not simply be “plunked
down willy-nilly on landscapes that have already been carved up for other purposes” (Chetkiewicz et al. 2006,
318). This does not mean that corridors cannot be designed in ways that accommodate development interests,
but points instead to the importance of careful planning to ensure that when corridors are defined on a landscape
they will fulfill their intended purpose. Indeed, not only is evaluating corridor function prior to developing
landscapes important for wildlife, but it also can help to ensure that money is not wasted on projects with little
conservation benefit (Simberloff et al. 1992). A number of approaches are available for identifying and
assessing wildlife corridors, all of which have benefits and limitations.
A fundamental first step for designing wildlife corridors or evaluating their performance is to identify focal or
indicator species for which the corridor is intended to function (Beier et al. 2008). Where possible, using multiple
species for corridor identification and evaluation has been strongly recommended because it improves corridor
efficacy as a mechanism for preserving biodiversity (Beier et al. 2008). After indicator species have been
chosen, a method to select and evaluate corridors on landscapes to suit their needs must be identified.
In some cases, corridor prescriptions are simply assigned based on biological intuition supported by limited data
(e.g., BCEAG 1999a). However, this approach may prove inadequate where data are insufficient to assess the
adequacy of the specific prescriptions for wildlife corridors (Lindenmayer 1994), and quantitative approaches
based on empirical data may be more appropriate. Two quantitative approaches were evaluated; least-cost path
analysis and RSFs in order to determine the best approach in evaluating the habitat suitability and permeability
for wildlife corridors.
Least-cost path analysis has commonly been applied for wildlife corridor analysis (Rouget et al 2006, Beier et al
2008, Chetkiewicz and Boyce 2009) and is one potential approach to evaluating corridors. Traditionally, paths
are identified using expert opinion to parameterize a model that incorporates both habitat and wildlife behaviour
information in a measure of landscape connectivity (Adriaensen et al 2003). Recently, more quantitative
methods have been applied to least-cost path analyses (Chetkiewicz and Boyce 2009). However, least-cost
path analyses have several problems. First, they always derive a route between two points through the best
available habitat, but give no indication of whether or not the identified route will function as a wildlife
corridor. Even where the route is functional, least cost path analysis does not indicate what other options also
might prove effective. Thus, where development already has been approved, as in the case of TSMV property, a
least-cost path might indicate a corridor through developable lands, but will not show whether functional
corridors capable of accommodating development also might be present outside of developable lands (e.g.,
balancing economic and ecological interests). Moreover, if a development is simulated on the landscape prior to
running a least-cost path analysis, a corridor will be identified, and chances are it will be located outside of the
development. However, there is no guarantee that such a corridor will be effective because information on
whether the corridor will facilitate wildlife movement is lacking in least-cost path analysis (Beier et al.
2008). Least-cost paths also produce pixel-wide representations of movement that must be buffered
(Chetkiewicz and Boyce 2009), and a basic analysis does not provide information on what buffer widths
accommodate sufficient good quality habitat to produce an effective corridor (Beier et al. 2008). Consequently,
least-cost path analyses have limitations for corridor delineation and often are inadequate for assessing corridor
functionality.

September 15, 2012
Report No. 12-1332-0001

13

WILDLIFE CORRIDORS AND THE TSMV

A better approach might be to assess overall habitat suitability and permeability within a proposed corridor, and
this is the approach applied in this report. As noted above, wildlife are unlikely to view habitat in the
dichotomous pattern of patch versus matrix in the way humans frequently depict it. As a result, functional
corridors need not be linear or even continuous where movement through intervening matrix is possible
(Chetkiewicz et al. 2006). Therefore, corridors should probably not be designed or evaluated using simple rules
which define habitat as either suitable or unsuitable. Instead, wildlife-centric views of landscapes can be
generated using empirical movement data to explore relative habitat quality and connectivity. One way to do this
is using individual-based modelling (Hargrove et al. 2004), but this requires restrictive assumptions about energy
costs of movement, and the probabilities of finding food or dying in a given habitat patch (Beier et al. 2008).
Another way is to use RSFs (Chetkiewicz et al. 2006), which provide relative probabilities of selection by wildlife
across a landscape (Manly et al. 2002).
RSF models have a number of advantages for helping to understand overall habitat suitability and permeability
within a proposed corridor, and this modeling approach was selected as a means of corridor evaluation in this
report. An RSF is a class of habitat suitability model that uses empirical data to provide an unbiased estimate of
relative probability of selection or use by an organism (Manly et al. 2002). RSFs are useful because they can
highlight the fuzzy nature of the corridor boundaries humans draw on maps (Chetkiewicz et al. 2006). When
using an RSF to evaluate a corridor, however, it is important to remember what the probability surface
represents. Patches with the highest RSF scores are assumed to represent the most highly selected habitats
and are places where animals are likely to spend more of their time. Because movement corridors are not
meant to retain animals, but rather facilitate movement between high-quality habitat patches (BCEAG 1999a),
too much high-quality habitat in a corridor may prove counter-productive. As noted above, this is especially true
where corridors are in close proximity to development, where moderate habitat may be ideal. On the other hand,
corridors consisting of substantial portions of habitat with extremely low estimated probability of selection also
are not likely to represent effective corridors because animals will not move through them. Thus, at the local
scale, intermediate habitat quality and especially habitats known to facilitate movement without encouraging
residency or increasing mortality risk should be ideal components of effective corridors.

1.3.4

The Bow Corridor Ecosystem Advisory Group Guidelines

A set of guidelines for wildlife corridors was established for the Bow Valley in the late 1990s by the Bow Corridor
Ecosystem Advisory Group (BCEAG). The group was founded in 1995 and immediately set about developing
criteria for the location and design of wildlife movement corridors in the Bow Valley. The approach taken by the
BCEAG was to review scientific literature and evaluate results of local research, primarily on large carnivores. In
1997, the BCEAG published the first version of their document, Wildlife Corridor and Habitat Patch Guidelines
for the Bow Valley, which was followed shortly after by updated versions in 1998 and 1999. The intent of the
document was to establish consistent science-based standards that might be followed to ensure effective wildlife
corridor design in the Bow Valley.
The BCEAG (1999a) guidelines expressly state that they do not apply to TSMV.
APPLICABILITY:

Under Section 3.0

“The following projects are exempt from the guidelines:
1. projects for which approvals have been granted by the Natural Resources Conservation Board
(NRCB)”
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In a letter dated 3 January 2001, then Minister of Environment Halvar Jonson, responded to a series of letters
from the Bow Corridor Organization for Responsible Development that advocated application of the BCEAG
guidelines to TSMV. The Minister’s letter stated that the BCEAG guidelines were “developed after Alberta
Environment approved the locations of the primary and secondary corridors on Three Sisters Resort lands” and
that “it would be unfair to retroactively apply the BCEAG guidelines to Three Sisters Resort”. Nevertheless,
several groups continue to claim that the application of the BCEAG guidelines to corridor evaluation for TSMV is
legitimate because these guidelines reflect the best available science regarding wildlife corridors (e.g., letter to
Minister Knight from the Alberta Wilderness Association dated July 18, 2011).
The BCEAG (1999a) guidelines indicate that primary wildlife corridors should:



consist of slopes <25°;



be a minimum of 350 m wide;



be <8 km long;



provide a direct route between habitat patches (avoid doglegs and cul-de-sacs)



maintain effective hiding cover of >40%, and;



have no human use.

Many of these prescriptions were generated using limited scientific information and inferences from unpublished
reports and incomplete studies. It has been more than a decade since the BCEAG criteria were developed and
a great deal of new information about movement corridors and wildlife in the Bow Valley and elsewhere is now
available. Although a review of the BCEAG (1999a) guidelines has been conducted (BCEAG 2011), the review
maintained the BCEAG (1999a) guidelines with few changes.

Application of BCEAG
Two studies, one by Herrero and Jevons (2000) and another by Golder (2002), are commonly cited as lending
broad scientific support to the BCEAG guidelines. Both studies apply the BCEAG guidelines, in whole or in part,
to evaluate corridor efficacy in the Bow Valley. Because both reports were written shortly after the publication of
the 1999 version of the BCEAG guidelines, it is not surprising that the prescriptions contained therein were taken
at face value. However, neither report provides any empirical data supporting the specific prescriptions put
forward by BCEAG. In addition, Golder (2002) takes into account site-specific details for the boundary of the
TSMV Resort Centre Area Structure Plan (ASP) that included Sites 1 and 3 and District R. As such, the specific
recommendations put forward in Golder (2002) were designed for the lands encompassing the Resort Centre
ASP and are not applicable elsewhere.

Do BCEAG Prescriptions Reflect Current Scientific Understanding?
Good science is an iterative process where ideas are modified or discarded when they prove inadequate and are
retained and subjected to continuous evaluation when they are supported by available data. For this reason,
each of the prescriptions presented in the BCEAG guidelines must be evaluated independently to assess their
applicability in light of a decade of new empirical corridor research before they can be applied to corridor
evaluation in the context of TSMV (Attachment 3).
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Below, the definition of a wildlife corridor and each of the six prescriptions for effective corridors provided by the
BCEAG (1999a) are evaluated in the context of the current scientific literature and recent empirical data from the
Bow Valley. A draft update to the BCEAG Wildlife Corridor and Habitat Patch Guidelines for the Bow Valley was
issued in 2011 (BCEAG 2011). This update has not yet been formally accepted by the Town of Canmore, but is
considered here for completeness. The draft update does not change the prescriptions issued in BCEAG 1999a,
but does provide additional literature review and recommendations. Each prescription provided by the BCEAG
was reviewed and was either retained or rejected depending on its scientific merit. In cases where a specific
prescription is rejected, some of the underlying concepts used by BCEAG were retained and applied to corridor
evaluation in this report.

Definition of a Corridor
To understand what a corridor should look like, a clear understanding of the intended function of the corridor is
required. The BCEAG (1999a) defines a wildlife corridor for the Bow Valley as:
“an area of land designed to provide connectivity among habitat patches”.
and the draft 2011 update modified the definition to:
“an area of land designed and managed to maintain connectivity between habitat patches”
The BCEAG further implies that the habitat quality within corridors need not be high, so long as wildlife will use
the corridor to travel between habitat patches. The BCEAG guidelines found substantial support for their
definition in the literature (e.g., Herrero and Hamer 1983, Matson 1993, Harrison 1992, Noss 1992, Beier and
Loe 1992, Beier 1995, and Gibeau et al. 1996; as cited in BCEAG 1999a). Recent literature also supports this
definition (Chetkiewicz et al. 2006, Beier et al. 2008). For instance, Beier et al. (2008 pp. 837) define a
corridor as “a swath of land intended to allow passage by a particular wildlife species between 2 or more wildland
areas”. Beier et al. (2008) go on to define linkages as multi-species corridors that are designed to promote
movement in some cases, but also can be designed to promote more complex biological processes, depending
on the biological goals set for the linkage. In the case of corridors and TSMV, the biological goal for the
linkage is clearly to allow passage, or using the language of the NRCB (1992), to “prevent blockage”
(NRCB 1992 pp. 10-51). Therefore, the definition of a corridor provided by BCEAG is retained and was applied
in this report.

Slope
The BCEAG guidelines (1999a) suggest that slopes >25° render corridors ineffective. The scientific basis for
this prescription comes from unpublished studies on corridors in Banff by Karsten Heuer and from unpublished
work by Carolyn Callaghan on wolves in the Bow Valley. Both studies have since been completed (Heuer et al.
1998, Callaghan 2002) and neither presents a threshold value for slope beyond which wildlife will not use
corridors. In fact, although both documents indicate that wildlife use shallow slopes more frequently than
steeper ones, both also show that wildlife are capable of moving across steep slopes. For example, Callaghan
(2002) found wolves in the Bow Valley Pack used slopes up to 61°. Finally, the 1999 BCEAG guidelines
updated the slope requirements for corridors from <35° listed in the 1997 guidelines to the current prescription
<25° in 1998. The reasons for this change are neither explained nor supported by empirical evidence.
Some wildlife research conducted in the Bow Valley has been identified by various groups and agencies as
providing support for the BCEAG guidelines with respect to slope. Foremost among these studies are the
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Regional Wildlife Corridor Study (2002), and research conducted by Alberta Tourism, Parks and Recreation
(2010). These studies use data obtained from track counts on linear transects and backtracking during winter,
and monitoring track pads during summer. The results indicate an extremely low probability of wildlife use
outside of flat valley bottoms. Although the methods used to generate data and develop models are not always
clear (e.g., Alberta Tourism, Parks and Recreation 2010), models appear to be biased by a sampling approach
that focuses on low-elevation habitat that can be easily accessed from roads. Therefore, extrapolating models
beyond the geographic range of the data used to generate them (i.e., outside of valley bottoms) may be
inappropriate. Even backtracking data, which provides detailed information on known movement patterns of
animals can be biased, especially if tracks are followed as intercepted when walking upslope from access points
along the Trans Canada Highway. These studies are used to support retention of a 25° slope cut-off by BCEAG
(2011), but the study design deficiencies are not addressed, no additional evidence suggesting that this is an
appropriate cut-off is provided, and the distinction between habitat selection (e.g., preference for shallow slopes)
and the ability of wildlife to move across steeper terrain is not considered. Attachment 4 provides a detailed
discussion of the problems associated with some of the inferences made from the data collected for the Regional
Wildlife Corridor Study (2002).
Data collected using telemetry (i.e., collared animals) do not suffer the potential biases associated with transect
and backtracking methods. Telemetry data are available for grizzly bears, cougars, elk, and wolves in the Bow
Valley, and these data indicate much greater use of steeper slopes and higher elevations (e.g., Chetkeiwicz and
Boyce 2009) than is suggested by the track based studies, which often indicate zero use of these areas (see
Attachment 4 - Regional Wildlife Corridor Study 2002).
As noted above, some wildlife species do prefer shallower slopes at certain times of the year, especially during
winter (refer to Section 5.1.1.1), but there is no indication that slopes >25° represent zero probability of selection
by wildlife while slopes of ≤25° represent adequate habitat, as implied by the BCEAG guidelines. Wolves, for
instance, are capable of adjusting their behaviour to move across steep slopes when preferred valley bottom
habitat is no longer available (Duke 2001, Shepherd and Whittington 2006). Similarly, elk have been reported
using slopes >30° for movement in west-central Alberta (Frair et al. 2005), and in the Bow Valley, the steep
slopes on the east side of Wind Ridge are considered critical elk winter range (NRCB 1992 pp. 10-34). In fact,
the importance of these steep slopes for wildlife was a primary reason that development of the Wind Valley
portion of the Three Sisters property was not approved (NRCB 1992 pp. 10-39). Grizzly bears and cougars also
prefer to use higher elevations and steeper slopes in some cases and are capable of moving easily across such
terrain (refer to Section 5.1.1.1).
Consequently, the implications of steep slopes for wildlife corridors should not simply be assumed, particularly
not in a strict dichotomous manner (Chetkiewicz et al. 2006). Instead, models capable of describing gradations
in relative probability of wildlife use across a landscape, as advocated by Chetkiewicz et al. (2006), might
provide a better indication of how animals respond to slope. Chetkeiwicz and Boyce (2009) applied such a
model, identifying an area on the steep slopes above the currently approved Along Valley Corridor as a prime
candidate for a multi-species and multi-season corridor for large carnivores based on RSFs generated from GPS
collar data. Similarly, empirical RSF models presented in this report (Section 5.2.1) indicate that corridors
incorporating slopes >25° can be effective. Ineffective corridor habitat in both studies consisted primarily of
rocky cliffs and non-vegetated areas at higher elevations and within developed areas.
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Given the weight of evidence against its application, the BCEAG (1999a) prescription regarding slope (i.e., the
25° cut-off) was not applied to evaluate corridor efficacy in this report. However, slope was considered an
important variable potentially affecting wildlife habitat selection and movement.

Corridor Width
With respect to TSMV properties, the NRCB (1992) directs that corridors must be at least 350m wide and the
BCEAG guidelines reflect this prescription. Data from the approved Along Valley Corridor indicate that all key
wildlife species in the Bow Valley are using the corridor (Jacques Whitford AXYS 2008, Garrow and Everett
Environmental Services 2009), indicating that corridors of those dimensions may be effective. However, data
are unavailable to define a minimum effective corridor width. Thus, although 350m is the minimum required by
the NRCB, it remains unclear whether this is more than necessary, or not enough to be effective.
Although corridor width might have important implications for the ability for wildlife to move effectively among
habitat patches (Haddad 1999), tests of the relationship between corridor width and efficacy are available for
very few wildlife species (Haddad 2008, Gilbert-Norton et al. 2010) and methods for empirically estimating the
minimum effective width of corridors a priori are unavailable (Beier et al. 2008). As a result, prescriptions for
corridor width are highly variable and based primarily on expert opinion. Corridors must not be too narrow or
animals will not use them (Gillies and St Clair 2008), nor should they be too wide or they stop functioning as
corridors and can disrupt rather than facilitate movement (Andreassen et al. 1996).
Recommended widths of corridors designed for large carnivores presented in the literature vary between 100 m
and several kilometres depending on the length of the corridor and its intended function (Harrison 1992, Beier
1995). Multi-species corridor widths of 350 m (NRCB 1992, BCEAG 1999a) and 635 m (Golder 2002) have
variously been prescribed as acceptable minimums for the Bow Valley. However, neither prescription carries
more scientific merit than the other and secondary corridors of lesser width are occasionally used by large
carnivores in the Bow Valley (Golder 2002), highlighting substantial uncertainty about what constitutes a
minimum effective width. The original 350m corridor width prescription of the BCEAG 1999a guidelines were
upheld by BCEAG 2011, not because scientific support for a 350m cut-off was found, but because little evidence
to either support or refute this cut-off was found. Thus, although the concept presented by the BCEAG that wider
corridors are generally better than narrower ones is retained, the idea that corridors will necessarily be effective
if >350m and ineffective otherwise was not applied to evaluate corridor efficacy in this report.
Ultimately, effective corridor width designation may have to rely on subjective decision making informed by
expert opinion, although data should be used wherever possible (e.g., the Along Valley Corridor data in the case
of the Bow Valley). In general, the corridor literature suggests that conservative consideration should be given to
wildlife and that wider corridors are better than narrow ones, especially if corridors are long (Beier 1995, Beier et
al. 2008, Gillies and St Clair 2008). Because experts may disagree, setting minimum corridor width where
expert opinion is applied remains an important challenge for land managers (Beier et al. 2008).

Corridor Length
The BCEAG guidelines suggest that corridors linking habitat patches should be less than 8 km long. Just as is
the case for prescriptions regarding corridor width, data are unavailable to identify maximum length of effective
corridors (Haddad 2008, Gilbert-Norton et al. 2010), and the prescriptions for the relationship between habitat
and corridor width given by the BCEAG remain arbitrary and untested. This prescription is therefore rejected.
Conversely, the idea that shorter corridors will prove more effective than longer ones, especially if corridors are
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narrow (Beier 1995), remains largely unchallenged in the literature. Consequently, although corridors longer
than 8 km may be effective, linking habitat patches using the shortest possible route through habitats suitable for
movement is currently the most scientifically defensible approach, and was applied here for the purposes of
evaluating corridor efficacy.

Corridor Shape
The BCEAG (1999a) guidelines state that:
“Human development along the edge of a local habitat patch or wildlife corridor should form as
straight an edge as possible. Peninsulas, doglegs and cul-de-sacs have the potential to trap
animals or direct them out of the corridor network and into development areas where conflict with
humans may result.”
This argument makes a great deal of intuitive sense and is supported in the literature (Beier 1995). The NRCB
(1992) looked to aversive conditioning to keep animals out of developed areas and no specific prescriptions
were given for corridor design with respect to human-wildlife conflict. However, given the importance of humanwildlife conflict in the Bow Valley and the potential for doglegs and cul-de-sacs to increase conflict, it makes
sense to keep corridor boundaries adjacent to development as straight as possible, as proposed by the BCEAG
(1999a).

Hiding Cover
The BCEAG (1999a) guidelines recommend that corridors consist of at least 40% “hiding cover”. While
vegetative cover clearly can be important for wildlife (see Section 5.1.1.1), there is no evidence that the 40% rule
is a good one. Just as in the case of the slope prescription provided by BCEAG, this dichotomous distinction is
inappropriate for corridor evaluation (Chetkiewicz et al. 2006) and so was not applied to evaluate corridor
efficacy in this report. Instead, models capable of describing gradations in relative probability of wildlife use
across a landscape, as advocated by Chetkiewicz et al. (2006), should provide a more accurate depiction of how
animals respond to vegetative cover. Although the minimum standard of >40% hiding cover was retained by
BCEAG in the 2011 draft, no additional support for applying this cut-off was provided and the report indicates
that “specific research that quantifies the optimal amount of hiding cover within a wildlife corridor or habitat patch
is limited” (BCEAG 2011, pp 8).

Human Use
The BCEAG guidelines (1999a,b) recommend no human use in wildlife corridors. This is supported by a wide
body of literature that indicates that wildlife tend to avoid anthropogenic features and may be aversely affected
by human use (see Section 5.1.1.1). This position is also supported in NRCB (1992). The NRCB (1992)
approved development with full recognition of the potential risks to wildlife posed by human-wildlife conflict
(NRCB 1992 pp. 10-42 and 10-43), but also recognized the importance of setting aside portions of the landscape
for wildlife away from human influence. It was for this reason that corridors were intended to remain in “as
undeveloped a state as possible” (NRCB 1992 Appendix C, Clause 14). This prescription is therefore retained.

1.3.5

Concerns Raised by Wildlife Advocates about Corridor Placement in the Bow
Valley

For the past 20 years or so, the design and viability of wildlife corridors in the Bow Valley have been topics of
primary concern for many Albertans. Advocates for wildlife corridors include local and regional non-profit
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organizations, scientists and environmentally-motivated individuals who publicly champion these concerns.
Wildlife advocates constitute an important political consideration in Alberta and often play a critical role in
conserving the Province’s wildlife and wildlife habitat. Consequently, the concerns they raise deserve careful
evaluation.
As a whole, individual advocates and advocacy groups are opposed to additional development of TSMV property
because of concerns regarding the negative effects development may have on wildlife and their habitat.
Consequently, conservation advocates may not only be interested in ensuring wildlife movements are
maintained (i.e., wildlife corridors), but also might be motivated to maximize effective habitat (i.e., preserving
habitat patches) in places where development is planned. Heuer and Lee (2010) point to the eastern portion of
TSMV as a primary target for land conservation in the form of a habitat patch. For this reason, advocacy groups
may mistakenly apply characteristics of habitat patches to corridors. For instance, they may seek corridor
placement where habitat quality is highest, instead of places where habitat is sufficient to meet movement
requirements of wildlife. This highlights the importance of clearly differentiating between wildlife corridors and
habitat patches and understanding the intended purpose of each land use designation.
Habitat value for wildlife is an important consideration that must be dealt with before developments are
approved. Moreover, the concern raised by wildlife advocates that valuable wildlife habitat will be lost with
development is almost certainly true, at least for some species (see Section 5.2.1). However, the NRCB (1992)
makes clear that development of TSMV is approved despite a potential loss of wildlife habitat (NRCB 1992,
Section 10.4.3, Appendix B). Consequently, loss of wildlife habitat is no longer a consideration with respect to
TSMV. It is possible that wildlife movement corridors constitute the focus of advocacy campaigns because they
can be leveraged using NRCB (1992), and development might be prevented and substantial portions of highquality habitat retained if corridor placement substantially overlaps approved development properties. This
position is also inconsistent with the intent of NRCB (1992). NRCB (1992) clearly intended the provision for
wildlife movement corridors in Clause 14 of Appendix C as a safety net to ensure wildlife movements were not
irrevocably blocked in the Bow Valley, not as a tool to disable the approved development of TSMV property.
Consequently, the fact that wildlife advocates might wish to see TSMV property preserved as habitat can have
no bearing on corridor designation.
Conservation-minded advocates also are appropriately concerned with using the best scientific
information available to define corridors (e.g., letter to Minister Knight from the Alberta Wilderness Association
dated July 18, 2011 and a letter to the Right Honourable Alison Redford and Minister Frank Oberle from the Bow
Corridor Organization for Responsible Development dated November 4, 2011). Many advocates may therefore
oppose development of TSMV because BCEAG (1999a, 2011) guidelines (which have been presented as the best
available science for over a decade) suggest that corridors occurring outside of TSMV property will be ineffective,
largely because these areas incorporate steeper terrain. This stance is promoted in the Herrero and Jevons (2000)
analysis, the Golder (2002) report, and the Regional Wildlife Corridor Study (2002), all of which reiterate the
BCEAG concept that steep slopes are inappropriate places for effective wildlife corridors, although none of them
provides data supporting this contention. Consequently, the steep slope paradigm is consistently championed by
environmental advocates. Wildlife advocate, Karsten Heuer, summed up the advocacy position in an editorial
th
published in the Rocky Mountain Outlook on October 30 2008 where he stated:
“...I, too, am leery of the publicity campaign undertaken by Three Sisters Mountain Village this
past summer, particularly their assertion that a functional wildlife corridor needn’t be on slopes of
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25 degrees or less. We’re not talking about corridors for mountain sheep here, but of viable,
along-valley movement routes between Banff National Park, Wind Valley, and other parts of
Kananaskis Country for all species in all seasons. To cast aside decades of wolf, grizzly bear,
elk, and other wildlife research in favour of a few sheep trails found on a steep mountainside is
akin to discounting climate change after a couple of cold days in an otherwise warm year.”
Although based loosely on scientific data that show wildlife often prefer shallower slopes, many of the concerns
expressed by wildlife advocates regarding slope have been overstated. Most importantly, the application of strict
dichotomous distinctions with respect to corridor efficacy (e.g., the BCEAG guidelines of <25° slopes or hiding
cover >40%) is inappropriate. Chetkiewicz et al. (2006) clearly describe the problems associated with dividing
landscapes into habitat and non-habitat using such simplistic dichotomous distinctions. Nevertheless, the steep
slope paradigm and application of the 25° BCEAG prescription appears to remain deeply entrenched among
wildlife advocates in the Bow Valley.
More recent wildlife research in the Bow Valley may change this perception. Work focusing on the Along Valley
Corridor, for instance, suggests that contrary to claims made by Herrero and Jevons (2000), the Along Valley
Corridor is functioning as intended (Jacques Whitford AXYS 2008). Despite low spatial and temporal sampling
effort, several species of primary conservation interest (i.e., grizzly bears, deer, elk, bighorn sheep, black bears,
cougars and wolves) were detected using the corridor during 2005-2007 (Jacques Whitford AXYS 2008).
Similarly, GPS collars deployed on cougars and grizzly bears indicated extensive use of Wind Ridge and the
upper reaches of Wind Valley (Section 5.2.2.3, see also Heuer and Lee 2010). Moreover, one of the areas
highlighted by Chetkeiwicz and Boyce (2009) for a multi-species and multi-season corridor for large carnivores
based on RSFs generated from GPS collar data was located on the steep slopes above the approved Along
Valley Corridor. Many wildlife advocates may be unaware of these recent scientific developments and may not
have had the opportunity to review the new data. Adamant demands by science-minded wildlife advocates that
slopes >25° be excluded from wildlife corridors may change once this information is appropriately disseminated
and understood.
The important point emphasized by more recent data is that the implications of steep slopes for wildlife
corridors should not simply be assumed, particularly not in a strict dichotomous manner. Instead, models
capable of describing gradations in relative probability of wildlife use across a landscape, as advocated by
Chetkiewicz et al. (2006) and applied in this study (Section 5.1.1.2), might provide a better indication of whether
or not slopes in excess of 25° can be incorporated into wildlife corridor design.

1.4

Corridor Delineation

In the case of TSMV property, development was approved by the NRCB in 1992. The specific requirement of
the NRCB (1992) decision is that corridors are designated so that development does not block wildlife
movement. There is no requirement that a designated corridor provide the “most functional” option or that it
include the highest quality habitat. In fact, as noted in Section 3, too much high quality habitat may be an
undesirable attribute of wildlife movement corridors.
The NRCB (1992) also does not dictate that a corridor at the east end of Three Sisters properties must be
placed on developable lands to be effective. Rather, the Board indicated that corridors could be placed on
crown or private land (NRCB 1992 pp. 10-38). Developers of Three Sisters properties were responsible for
retaining corridors on their property where it was necessary to ensure connectivity (NRCB 1992 pp. 10-51), but
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there was no specific requirement regarding the amount of corridor land that must be given up. In some cases,
Crown land may be the best place for an effective corridor if it provides a link between habitat patches that
includes known movement routes of animals, contains habitat that animals will use for movement and reduces
the probability that animals will come into conflict with people. Much of TSMV land has already been developed
or zoned for development, and 219 ha (543 acres) have been set aside as conservation easements within
approved corridors, where this was necessary to maintain wildlife movements (e.g., to link the Along Valley
Corridor to the Bow Flats Habitat Patch via the Stewart Creek Underpass).
For these reasons, the following question was posed to Golder:
Would a corridor have to be placed on TSMV property or could an effective wildlife corridor
be located on land outside the TSMV property to provide connectivity between designated
wildlife habitat patches?
To complete the corridor network in the Bow Valley, linkages between the approved Along Valley Corridor and
the Wind Valley Habitat Patch, and between the Bow Flats Habitat Patch and the Wind Valley Habitat Patch via
1
the G8 Legacy Underpass must be defined . Initial corridors were delineated using the following criteria, which
are consistent with the NRCB and reflect the results of the review of the scientific literature presented in
Section 3:
1. Corridors should follow the most direct (i.e., shortest) route to complete a linkage.
2. Wider corridors are generally better than narrower ones and corridors must be at least 350m wide
(corridors at least 350m wide were dictated by the NRCB 1992 pp. 10-38).
3. Corridors must remain in as undeveloped a state as possible (NRCB 1992 pp. 10-38).
4. Where possible, development will be allowed to occur on one side of the corridor only to reduce potential
for human-wildlife conflict.
When considering wildlife corridors in terms of efficacy, empirical data regarding animal movements and habitat
use can be employed to delineate corridor boundaries, evaluate the potential efficacy of a proposed corridor, or
both. The shortest routes to make the connections required to complete the corridor network in the Bow Valley
occur on Crown land (Figure 2); moreover, wider corridors are possible when crown land is incorporated into
corridor design and corridors situated on Crown land will have development on one side only. Consequently,
there was no reason to entertain corridor options that restrict development on TSMV property until options on
Crown land had first been evaluated and rejected, and although empirical data and habitat suitability models
were used to evaluate proposed wildlife corridors (Section 5.0), they were not used to initially define them.
Corridors were delineated to link the approved Along Valley Corridor to the Wind Valley Habitat Patch and to link
the Bow Flats Habitat Patch on the south side of the Trans Canada Highway to the Wind Valley Habitat Patch
via the G8 Legacy Underpass using the four criteria listed above. Two distinct corridors were delineated
(Figure 4).

1

A linkage between the Grassi Lakes Habitat Patch and the Bow Flats Habitat Patch is maintained via the approved Along
Valley Corridor and the Stewart Creek underpass. A linkage between the approved Along Valley Corridor and the Bow Flats
Habitat Patch via the G8 Legacy Underpass is therefore unnecessary to maintain connectivity in the Bow Valley.
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The proposed Wind Ridge Corridor is 354 hectares (874 acres) in size, is >2.5 km wide, and links the
Along Valley Corridor to the Wind Valley Habitat Patch on the south side of the currently undeveloped
TSMV property via Wind Ridge. Borders of the proposed Wind Ridge Wildlife Corridor were set such that
they abutted TSMV property to the north, the Wind Valley Habitat Patch to the southeast, and the approved
Along Valley Corridor to the west. To the southwest, the border of the corridor was designed to provide a
straight-line connection between the upper limit of the approved Along Valley Corridor and the Wind Valley
Habitat Patch.



The proposed Pigeon Mountain Corridor encompasses 184 hectares (454 acres), is >1.3 km wide, and
links the Wind Valley Habitat Patch to the Bow Flats Habitat Patch. The proposed corridor is positioned on
the east side of the road running south from the Trans Canada Highway and leading to the Banff Mountain
Gate Resort (formerly, the Alpine Resort Haven). Borders of the proposed Pigeon Mountain Corridor were
drawn so that they abutted the Trans Canada Highway to the north, the Wind Valley Habitat Patch to the
south, and avoided overlapping built-up areas and roads associated with the existing Banff Mountain Gate
Resort developments (i.e., conforming to the NRCB requirement that corridors remain in as undeveloped a
state as possible). To the east, the border of the corridor was designed to accommodate a wide corridor on
the shoulder of Pigeon Mountain.

Both proposed corridors were intended to function as “all in” corridors that would not require additional setbacks
or buffering. As such, both corridors exceed the minimum width requirements of the NRCB by several times,
and the proposed Wind Ridge Corridor fills in gaps between the approved Along Valley corridor and the southern
TSMV property boundary (Figure 4).
Landscape connectivity for wildlife can be evaluated in two ways. Structural connectivity is achieved when
habitat patches are linked by designated corridors (i.e., connecting the dots on a map). Effective connectivity, on
the other hand, is achieved when landscape features facilitate wildlife movement between habitat patches.
Structural connectivity does not guarantee effective connectivity, and effective connectivity does not necessarily
require structural connectivity (Taylor et al. 2006). In the Bow Valley, sufficient land remains undeveloped that
creating structural linkages among habitat patches is often easily accomplished, as evidenced by the ability to
delineate such large proposed corridors that can be maintained in an undeveloped state (Figure 4). Because
effective connectivity is ultimately more important for conservation than structural connectivity (Taylor et al.
2006), assessing effective connectivity is paramount.
The proposed Pigeon Mountain Corridor is constrained to the east by an existing road and infrastructure
associated with the Banff Mountain Gate Resort, so corridor placement options are limited accordingly.
However, this is not true of the Wind Ridge Corridor for which options were available, including corridors that
could encompass some portion of TSMV property. Consequently, the final corridor placement was not predetermined by initial corridor delineation and the corridors identified in Figure 4 would be retained only if the
available evidence suggested that the corridor would prove effective for facilitating wildlife movement.
Otherwise, without strong evidence, Golder would evaluate alternative options for corridor placement.
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1.5

Corridor Evaluation

1.5.1
1.5.1.1

Methods
Habitat Suitability Modelling

Habitat suitability models provide spatial representations of wildlife habitat quality on a landscape.
Habitat suitability modelling was conducted in the Bow Valley as a means to evaluate potential corridors
(Chetkeiwicz et al. 2006). A key first step in developing habitat suitability models is to identify the species for
which models will be developed (Section 5.1.1.1). Next, a modeling approach must be selected and applied
(Section 5.1.1.2).

1.5.1.1.1

Indicator Species

As recommended by Beier et al. (2008), more than one indicator species was selected to account for differences
in habitat requirements and selection patterns of a variety of species for which the corridors in the Bow Valley
must function. Four species of large mammals were selected. Grizzly bears, wolves, elk, and cougars were
chosen because:



as wide-ranging mammals, they serve as umbrella species. Umbrella species are those for which
protecting sufficient habitat also means that sufficient habitat for species with lesser requirements is
protected (Roberge and Angelstam 2004);



as charismatic megafauna, these species maintain a significant socio-political profile and are among the
species for which the greatest concern is voiced by the conservation community with respect to corridors in
the Bow Valley;



these species are among those most prevalently considered by previous researchers evaluating corridors
in the Bow Valley (NRCB 1992, BCEAG 1999a, Herrero and Jevons 2000, Jacques Whitford AXYS 2008,
Chetkeiwicz and Boyce 2009, Alberta Tourism Parks and Recreation 2010), ensuring that the results of this
study will be comparable to previous work; and



telemetry data were available in the Bow Valley for these four species to permit detailed empirical analysis
of habitat suitability in the area of interest.

A review of the provincial and federal status of each species and the scientific literature concerning their habitat
requirements was performed to inform habitat suitability modelling. Particular attention was paid to reviewing the
literature regarding the influence of slope, elevation and human development on habitat use by each indicator
species because steep slopes, high elevation and areas with substantial development are all features that have
been prominently identified as potential barriers to wildlife movement in the Bow Valley (see Section 3).

Grizzly Bear (Ursus arctos)
Status
Grizzly bears have been described as ecosystem engineers (Gailus 2010), as they have a demonstrated
capacity to affect ungulate populations (Barber-Meyer et al. 2008) and influence plant community productivity
and diversity (Tardiff and Stanford 1998, Doak and Loso 2003). In addition to their ecological function, grizzly
bears hold substantial value for many Albertans, are an icon of Alberta’s wilderness, and are commonly singled
out as a flagship species by conservation organizations in the province (Gailus 2010). Determining the size and
trend of Alberta’s grizzly bear population has proven challenging, however, and controversy and uncertainty
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have surrounded grizzly bear status and management at the provincial level over the last decade. “Threatened”
status has been recommended for grizzly bears in Alberta since 2002, and a provincial moratorium on sport
hunting has been in effect since 2006. However, grizzly bears were not provided any special designation until
June of 2010, when grizzly bears were listed as a “Threatened” species in Alberta. The decision to change
grizzly bear status was based on population estimates indicating that the number of grizzly bears on provincial
lands in 2010 was 691, and on population models suggesting that this number would likely decline over the next
30-40 years (ASRD and ACA 2010). Data regarding the actual trend of Alberta’s grizzly bear population remains
unavailable. Although they are now classified as ‘Threatened’ provincially and are considered a species of
‘Special Concern’ by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC; 2006), grizzly
bears are not listed federally and receive no protection under SARA (2007).
The threat to grizzly bears in Alberta derives primarily from mortality associated with conflicts with people.
Delayed age of first reproduction, long inter-birth intervals, and small litter sizes mean that grizzly bears have a
limited capacity to compensate for human-caused mortality, particularly of adult females (ASRD and ACA 2010).
Consequently, where human-caused mortality of bears is high, it presents a significant conservation challenge
for grizzlies in Alberta (Nielsen et al. 2004a). Mortality risk for bears appears to be linked to human
developments, especially roads (Nielsen et al. 2004a). The potential negative impact of human development for
grizzly bears is further emphasized by the fact that the species is thriving in parts of the province where road
access is limited, such as in the Willmore Wilderness Park near Grande Cache (ASRD and ACA 2010).
Although the primary concern for grizzly bears in Alberta is increased mortality as landscapes occupied by
grizzlies see increasing human use, effective habitat connectivity also is thought to be essential for maintaining
viable populations of bears, and anthropogenic developments such as roads and towns tend to be avoided by
bears and might isolate populations in some cases (Mace et al. 1999, Proctor et al. 2005).

General Habitat Requirements
Grizzly bears are capable of occupying a diverse array of habitats and exploiting a wide range of food resources.
Although grizzly bears are considered carnivores and are unable to digest plant fibre, they behave as
opportunistic omnivores and can survive and even prosper on a vegetarian diet (Rode et al. 2001). Grizzly
bears currently inhabit the mountains and foothills of parts of western North America, although prior to the arrival
of European settlers they also occupied some prairie habitats (Mattson and Merrill 2002). Besides humans and
other bears, grizzlies have no significant predators and their daily activities are therefore dominated by food
acquisition. Habitats containing high quality food resources are necessary to ensure bears can accumulate
sufficient fat reserves for successful reproduction and hibernation during winter (Weaver et al. 1996).
Consequently, grizzly bear habitat selection is influenced strongly by seasonal changes in food availability at the
landscape scale and differs regionally where different food sources are available. In the Central Rockies during
spring and early summer, bears can be found digging Hedysarum roots, foraging on grasses and sedges as
these begin to grow, and scavenging from ungulate carcasses (Hamer et al. 1991, Weaver et al. 1996, Mattson
1997). Grizzlies also can be voracious predators of ungulates in late spring and early summer, when vulnerable
young ungulates represent a high-quality food resource (Mattson 1997, Barber-Meyer et al. 2008). During
summer, grasses and forbs such as horsetail (Equisetum), cow parsnip (Heraclum lanatum), clover (Trifolium),
and glacier lily bulbs (Erythronium grandiflorum) dominate grizzly bear diets in Rocky Mountain ecosystems
(Hamer et al. 1991, Weaver et al. 1996, Munro et al. 2006). In late summer and fall, bears tend to forage on
berries (e.g., Shepherdia) if they are available, and will select habitats where these are abundant (Weaver et al.
1996). Thus, broad plant community designations (e.g., alpine, subalpine, and montane) can be important
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determinants of seasonal grizzly bear habitat quality where food availability varies seasonally among plant
communities (Chetkiewicz and Boyce 2009).
Identifying regional differences in the distribution of the highest quality food resources can be important for
understanding grizzly bear habitat selection. In mountainous landscapes where natural openings and avalanche
chutes provide forage for grizzlies, for instance, these natural openings are selected whereas anthropogenic
features such as clear-cuts are avoided (McLellan and Hovey 2001). On the other hand, where natural openings
are unavailable, clearcuts are selected by bears because they provide the best available forage (Nielsen et al.
2004b). In many places, greenness (derived from spectral reflectance using satellite imagery) appears to be a
good proxy for grizzly bear forage availability, and so constitutes a good predictor of grizzly bear habitat
selection (Mace et al. 1999, Nielsen et al. 2002, Chetkiewicz and Boyce 2009). Forest edges also are places
where high-quality bear foods tend to occur and consequently the amount of forest edge can be an important
predictor of grizzly bear habitat selection (Nielsen et al. 2006, Roever et al. 2008, Northrup 2010).
During winter, grizzly bears spend most of their time in dens. Appropriate denning habitat is therefore a
fundamental component of general grizzly bear habitat requirements. Studies of grizzly bear denning habitat in
the Central Rockies ecosystem around Banff and Canmore show that grizzly bears prefer to den in upper
subalpine habitat, where they excavate dens on steep slopes, most often choosing slopes between 30˚ and 38˚
(Vroom et al. 1980). Grizzlies also appear to select locations where heavy snowfall will provide good insulating
cover for the den (Vroom et al. 1980).

Elevation and Slope
In western Canada, grizzly bears tend to occupy landscapes consisting of high elevation habitat, steep slopes
and rugged terrain, possibly because of reduced human disturbance in these habitats (Apps et al. 2004).
Selection of elevation by bears varies seasonally and depends on food resources. In the Flathead Valley of
southern British Columbia, bears were frequently found at high elevation after emerging from their dens, lower
elevations and riparian habitats in early spring (accessing ungulates and green vegetation), and intermediate
elevations in summer (accessing berries) before moving back to high elevation prior to denning (McLellan and
Hovey 2001). In other places, grizzlies track optimal phenology patterns, following green-up and moving to
higher elevations throughout spring and summer (Waller and Mace 1997). In the Bow Valley, grizzlies follow a
pattern similar to that found by McLellan and Hovey (2001), selecting for higher elevations in early spring,
spending time at low elevations and in riparian habitats during summer (16 June - 10 August), and accessing
intermediate elevations in fall (Chetkiewicz and Boyce 2009). During periods when grizzly bears occur at high
elevation, they tend to select steep vegetated slopes with low canopy cover where plant productivity is high
(e.g., avalanche chutes; Waller and Mace 1997, Theberge 2002, Apps et al. 2004, Nams et al. 2006). Because
grizzly bears remain in dens most of the winter, snowfall has a limited influence on selection for elevation or
slope.

Human Disturbance
Where people and bears overlap, human-caused mortality is often the most important factor limiting grizzly
populations (Garshelis et al. 2005, Ciarniello et al. 2009). Because development increases the probability of
conflict between people and bears, it can negatively affect grizzly bear populations (Nielsen et al. 2004a). In
addition to direct mortality caused by human-bear conflict, human developments such as roads and towns might
disrupt habitat function (Mace et al. 1999) and truncate bear movements, isolating grizzly bear populations from
one another (Proctor et al. 2005). However, grizzly bear habitat relationships near anthropogenic features are
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complex. Although grizzlies may generally avoid human activity and development, some bears are more tolerant
than others and may access high quality habitats near development (Gibeau et al. 2002, Chruszcz et al. 2003).
Some studies show that grizzlies spend more time near roads than expected by chance, especially roads with
low traffic volume. Presumably, this relationship occurs because high-quality food resources can be found near
roads (Chruszcz et al. 2003, Roever et al. 2008, Roever et al. 2010). Thus, it may be possible to increase the
probability that grizzly bears will cross roads (maintaining population connectivity) where good bear habitat is
preserved on either side of the road, and structures such as overpasses or underpasses are employed to reduce
bear mortality at crossing sites (Chruszcz et al. 2003, Clevenger et al. 2009).
In addition to anthropogenic features on a landscape, human recreational use of the landscape beyond
developed areas might affect grizzly bear habitat. For instance, grizzly bears in the Bow Valley change their
pattern of activity at fine temporal scales to avoid humans, and human use of the landscape may reduce habitat
suitability (Donelon 2004). When more people access grizzly bear habitat, moreover, there is a greater chance
of encounters between people and bears, which ultimately can lead to bears being killed or translocated
(Donelon 2004). To a certain extent, however, grizzly bears may be able to change their activity patterns to
reduce encounters with people. Bears can become more nocturnal, for instance, reducing the probability of
encountering humans, who mostly use bear habitats during the day (Boyce et al. 2010).
The Bow Valley, including the towns of Canmore, Banff and Lake Louise, represents one of the most intensely
developed and heavily accessed landscapes in North America where a grizzly bear population still persists
(Chruszcz et al. 2003). Human caused grizzly bear mortality is common in the valley, where bears die as a
result of vehicle or train strikes or are removed as problem animals. In fact, most grizzly bear mortalities in the
Bow Valley are human caused (Nielsen et al. 2004a, Garshelis et al. 2005). Nevertheless, studies of grizzly
bear population dynamics in the Bow Valley and Kananaskis indicate that the population as a whole may be
stable or even increasing (Garshelis et al. 2005).

Wolf (Canis lupus)
Status
Wolves are listed provincially as “Secure” (ASRD 2006) and the western Canadian population of grey wolves are
considered “Not at Risk” by the federal government (COSEWIC 2007, SARA 2007). Wolves maintain an
important ecological role as top predators and are capable of structuring ecosystems through trophic cascades
(Fortin et al. 2005, Hebblewhite et al. 2005a). In addition to their ecological value, wolves have substantial
consumptive value within Alberta’s hunting and trapping communities (Webb 2009). Although wolf conservation
is often controversial, wolves are frequently used as flagship species for conservation efforts (Musiani et al.
2005). Large home ranges, sensitivity to human development, and substantial political and ecological
importance make wolves a prime candidate for use as an indicator species, particularly in the Bow Valley
(Callaghan 2002).

General Habitat Requirements
Wolves are ecosystem generalists capable of occupying almost any habitat where sufficient prey are available
and humans are willing to tolerate wolf presence (Paquet and Carbyn 2003, Oakleaf et al. 2006). Habitat use is
strongly affected by abundance and distribution of primary prey, typically ungulates, and wolf occupancy in the
northern Rocky Mountains of the U.S. correlated positively with elk density (Oakleaf et al. 2006). Wolves often
select conifer or mixed forest (Mladenoff et al. 1995, Paquet and Carbyn 2003), but also select cut blocks and
natural openings under certain circumstances (Hebblewhite and Merrill 2008, Houle et al. 2010). Areas closer to
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edges between forest and clearcuts or natural meadows and areas with higher ungulate forage biomass might
provide the best opportunity to find prey where sufficient cover also is available to facilitate hunting (Hebblewhite
and Merrill 2008, Houle et al. 2010).
Between April and August, wolves must locate a den for pup-rearing. Suitable natal den locations tend to occur
in sandy or loamy soils and include underground burrows or other sheltered places with higher temperatures and
humidity than the surroundings such as hollow logs, spaces between roots of trees, caves or crevices in rocks,
abandoned beaver lodges and expanded mammal burrows (Paquet and Carbyn 2003, Whittington et al. 2005).
Wolves also have used excavations in snow, surface dens under spruce trees or even in the open, although
other types of dens provide better protection for pups from the elements and predators (Paquet and Carbyn
2003). Dens often face the sun (approximately south) and prevailing wind such that den sites are usually snow
free by the time of denning (Paquet and Carbyn 2003). Wolves in Idaho, Montana, Wyoming and Alberta tended
to den in areas with greater canopy cover, hiding cover, herbaceous ground cover and woody debris, and were
closer to water than paired random sites (Trapp et al. 2008).

Elevation and Slope
In mountainous areas, wolf home range placement, habitat selection and travel routes are influenced by
topographic complexity, especially during winter when wolves tend to select low elevations, flat or shallow slopes
and south aspects, presumably because those areas accumulate less snow and maintain the highest prey
abundance (Alexander 2001, Duke 2001, Callaghan 2002; Paquet and Carbyn 2003, Whittington et al. 2005).
Within low elevation areas, wolves prefer frozen rivers, lakes, shorelines and ridges for ease of travel (Paquet
and Carbyn 2003). When travelling between valleys in mountainous terrain, wolves are most likely to use
low-elevation mountain passes (Callaghan 2002). Wolves in Banff National Park were mainly found at
elevations below 1850m, but during summer, wolves tracked the vertical migration of elk to high elevations and
open areas (Paquet 1993). However, even in summer, wolves tend to avoid steeper slopes (Hebblewhite and
Merrill 2008). Despite a strong preference for low elevation and shallow slopes where such habitats are
available, wolves can and do use steep slopes when gentle terrain is unavailable. For example, in the Kicking
Horse Valley west of Lake Louise around the town of Field, wolves selected for steeper slopes when traveling
(Duke 2001), presumably because the valley is narrow and shallow slopes were unusable due to high levels of
human development (i.e., the town of Field and the Trans Canada Highway). Similarly, in Jasper National Park,
wolves successfully used higher elevations and steeper slopes to move around places of high human activity to
access fragmented habitat patches in the valley bottom (Shepherd and Whittington 2006). When a corridor was
implemented on the valley bottom, wolves used the mountainside less frequently, indicating that lower elevations
were preferred if available but that alternate routes are possible (Shepherd and Whittington 2006).

Human Disturbance
Wolves appear to be sensitive to human disturbance and therefore are absent from areas with dense human
populations or intense agriculture and are prone to extirpation in areas with high livestock density (Alberta
Forestry, Lands, and Wildlife 1991, Oakleaf et al. 2006, Mladenoff et al. 1995, Paquet and Carbyn 2003).
Human development can have a profound effect on wolf habitat selection and may be one of the most important
determinants of wolf travel routes (Duke 2001, Hebblewhite and Merrill 2008). In the Bow Valley, for instance,
wolves might have been excluded from prime habitat east of the Town of Banff by the town itself (Paquet 1993),
creating an artificial predator-free zone. The effect of anthropogenic linear features (e.g., roads) on wolves has
been well-studied, and linear features are thought to have an especially important influence on movement and
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2

habitat selection. Wolves near Jasper, Alberta selected areas with lower road and trail density (i.e., <1 km/km )
and both kinds of linear features fragmented habitat and degraded habitat quality (Whittington et al. 2005).
2
Ninety percent of wolf locations occurred where road density was less than 1.3 km/km and trail density was less
2
than 2.9 km/km (Whittington et al. 2005). In the Rocky Mountains, wolves are thought to persist only at road
2
densities below 0.6-0.70 km/km (Paquet and Carbyn 2003). Similarly, at road densities greater than 0.59 to
2
0.66 km/km in Wisconsin, wolves were either absent or were non-breeding (Thiel 1985). Few areas with wolves
2
in the Great Lakes region had road densities of >0.45 km/km (Mladenoff et al. 1995). Mech et al. (1988) stated
that wolves in areas with roads passable by 2-wheel drive vehicles generally did not occur where road densities
2
2
were >0.58 km/km and found in their study that no wolves occurred in areas with >0.80 km/km of roads.
However, the physical presence of roads does not necessarily reduce wolf habitat quality. Rather, humancaused mortality and disturbance near roads might be the primary influence of roads on wolves. Thus, human
activity that accompanies development must be considered when evaluating habitat suitability for wolves.
Indeed, wolves frequently used anthropogenic linear features at night in Banff and Yoho National Parks when
human activity is low, presumably to take advantage of an easy travel route (Callaghan 2002), and wolves might
regularly exploit linear features to facilitate travel and hunting efficiency where human use of such features is low
(James and Stewart-Smith 2000).
In some cases, wolves might be able to adapt to human disturbance, and as a general rule wolves will be more
active near people when humans occupy habitats that are attractive to wolves (Paquet and Carbyn 2003,
Hebblewhite and Merrill 2008). Flexibility in wolf habitat selection may permit wolves to access areas with
greater human development than is sometimes considered possible (Mech 2006). Nevertheless, where human
use is extremely high, wolves will stop using otherwise suitable habitat. In the Bow Valley, wolves changed their
habitat use patterns when human activity in an area exceeded 100 people/month and stopped using areas
entirely when human visitation exceeded 10,000 people/month, regardless of habitat suitability (Paquet and
Carbyn 2003). Because of sensitivity to human activity, Wydeven et al. (2001) maintained that areas near wolf
dens should not be developed by humans. Wolves are usually intolerant of humans near pups and might desert
dens and move pups that are within 1 km of human activities. Occasionally, wolves have been willing to
maintain dens within 2.4 km of roads and campgrounds, indicating that such setbacks from disturbance might be
acceptable (Paquet and Carbyn 2003).

Elk (Cervus elaphus)
Status
Elk are listed provincially as “Secure” (ASRD 2006). Elk are not listed federally (SARA 2007) and are identified
by COSEWIC (2007) as a species “Not at Risk”. Nonetheless, elk have significant public value and are
considered a keystone species (i.e., organisms that have fundamental roles in ecosystems and on which a large
part of the biotic community rely; Noss and Cooperrider 1994). Some of the critical ecological functions
performed by elk include habitat modification, competition with other herbivores, food for large carnivores and
scavengers, and dispersal of plant propagules (Wagner et al. 1995; White et al. 1998; Vavra et al. 2005). Elk
are also a popular big game animal with important recreational and consumptive value during Alberta’s autumn
hunting season and are considered to be of special management interest. Their large home ranges, sensitivity
to disturbance, and importance as a game species make elk relevant indicators of cumulative effects of
development (AXYS 1999; TERA 2006).
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General Habitat Requirements
Elk are considered ecological generalists due to their ability to adapt to and colonize diverse habitats (Morgantini
and Hudson 1988). Studies of elk ecology in the Canadian Rocky Mountains (Morgantini 1988) and
northwestern U.S.A. (Adams 1982; Skovlin 1982; Unsworth 1993) have shown elk movement patterns and
habitat use to vary among herds occupying different ranges. Habitat associations are affected by a complex
combination of forage quality, vegetation (cover) structure, terrain and topography, predation risk, weather
patterns, and season (Morgantini and Russel 1983; Johnson et al. 2000; Skovlin et al. 2002; Frair et al. 2008).
Elk in forested areas are an ecotonal species that favour high contrast forest edges, which provide an
abundance of forage in close proximity to escape cover (Stubblefield et al. 2006; Boyce et al. 2003; Lyon and
Christensen 2002; Lyon and Jensen 1980). Ultimately, habitat associations for elk may come down to tradeoffs
between forage acquisition and predator avoidance (Frair et al. 2005).
Elk are ruminant herbivores and opportunistic feeders consuming grasses, forbs and woody browse (Wisdom
and Cook 1999, Hohler 2004). Diverse grasses, forbs and shrubs are consumed in spring and early summer
because most forage species are abundant and nutritious (Cook 2002). Elk selected areas of high vegetation
diversity in Yellowstone National Park in summer at a large spatial scale, reflecting avoidance of large tracts of
homogeneous grassland and tracts of lodgepole pine, although selection for diversity was less pronounced in
winter than in summer (Boyce et al. 2003). During winter in the Boreal Mixedwood in Alberta, elk rely on woody
browse more than do elk in the Boreal Foothills where semi-open forest cover provides access to grassland
almost all year (Buckmaster et al. 1999).
To avoid predation, foraging elk often are associated with forest edges and prefer to remain close to forest
cover. Benkobi et al. (2004) found that elk selected habitat within 100 m of cover-forage edges in the Black Hills
of South Dakota, and Visscher and Merrill (2009) suggested that old growth stands should be maintained no
more than 600 m from each other so that a foraging elk would be within 300 m of preferred cover at all times.
Patchily forested landscapes maintaining good cover as well as sufficient forage in the form of open grasslands
may provide ideal elk habitat.

Elevation and Slope
Elevation, slope, and aspect are linked to precipitation, snow accumulation and plant phylogeny, and thus can
have a substantial influence on elk habitat selection (Hohler 2004, Hebblewhite et al. 2008). Higher elevations
can be used year-round, though lower elevations often are preferred (Boyce 1991; Skovlin et al. 2002, Boyce et
al. 2003). Low elevation valley bottoms in mountainous terrain usually consist of full-canopied riparian forest
stands, which may be selected because they intercept snow and provide security against predators and humans
(Serrouya et al. 2000). Elk in mountainous landscapes frequently exhibit seasonal shifts in use of elevation,
preferring lower elevations in winter and moving to higher elevations during summer (Serrouya et al. 2000,
Hebblewhite et al. 2008). Selection for higher elevations in summer may relate to cooling wind patterns or
increased visibility (Skovlin et al. 2002), but is probably influenced primarily by forage availability as plant growth
initiates at progressively higher elevations through the spring and summer (Hebblewhite et al. 2008).
Elk seem to prefer gentle slopes (Johnson et al. 2000), although preference for slope can vary with season, year
and among sexes (Hohler 2004). In the East Kootenays, Serrouya et al. (2000) found strong selection for slopes
less than 11°. Frair et al. (2005) found that elk in west-central Alberta tended to forage in moderately steep
slope areas (~10-25°), whereas when elk used slopes steeper than 30° it was because they were moving
through an area. A review by Skovlin et al. (2002) also indicates that elk in Montana preferred to forage or bed
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on intermediate slopes ~11 to 30°. Where elk exhibit seasonal shifts in slope use, they tend to access steeper
slopes in summer and gentler slopes in winter (Hohler 2004). Where wolves are present, elk may select higher
elevations and steeper slopes to avoid predation risk (Mao et al. 2005), presumably because elk encounter
wolves more frequently in valley bottoms (i.e., gentle slopes and low elevation) where habitat covariates also
might correspond with greater mortality risk (Hebblewhite et al. 2005b).
The influence of aspect on elk habitat selection varies seasonally due to forage availability, thermal factors and
cover type. Northerly aspects, particularly with forest cover, have the coolest habitats in summer and high
quality forage into the fall months because of moist conditions, whereas southerly aspects are favoured in winter
due to lower snow depth and higher solar radiation (Skovlin et al. 2002). However, Serrouya et al. (2000) found
that elk habitat selection was unaffected by aspect during winter in the East Kootenays.

Human Disturbance
The response of elk to human disturbance is variable. The most important effects on elk appear to come from
disruption caused by presence of humans, rather than the physical changes to the landscape caused by
development (Jalkotzy 1997). Elk may generally avoid recreational trails (Naylor et al. 2009), although elk may
use recreational trails when human use is low because trails are convenient travel routes where forage is
sometimes plentiful (Goldrup 2003). Whether or not elk are hunted by humans dramatically affects the influence
human disturbance has on elk. Elk tend to strongly avoid human features where they are hunted (e.g., southwestern Alberta; Morgantini 1996), but frequently habituate to human disturbance where they are not hunted
(Lyon and Ward 1982; Schultz and Bailey 1978; Skovlin 1982, Jalkotzy et al. 1997). Thus, elk reactions to
human disturbances on the landscape vary depending on previous experience with humans. For example, in
the town of Banff, elk have become habituated to people, and exhibit a high tolerance for human development,
possibly because natural predators tend to avoid highly developed landscapes (Kloppers et al. 2005).

Cougar (Puma concolor)
Status
Cougars are listed provincially as “Secure” (ASRD 2006) and the western Canadian populations are not listed
federally (SARA 2007, COSEWIC 2007). In fact, there is substantial evidence that cougar populations have
increased and expanded their range in Alberta since the late 1970s (Ross and Jalkotzy 1992, Anderson et al.
2009, Bacon et al. 2009, Knopff 2010). Cougars have considerable value as a harvested species in Alberta
(Alberta Fish and Wildlife 1992), and also are important as a wilderness icon and keystone species. Like
wolves, cougars have important top down effects on ecosystems and can structure biotic communities and
positively influence biodiversity (Ripple and Beschta 2006, 2008). Also, like wolves, elk and grizzly bears,
cougars are wide-ranging, susceptible to anthropogenic habitat fragmentation, and require large patches of
habitat connected by effective corridors to maintain viable populations (Beier 1993, Weaver et al. 1996).

General Habitat Requirements
Cougars are ecosystem generalists even more than wolves or elk, and are capable of occupying all manner of
habitats provided sufficient prey and cover are present. Cougars are the most widely distributed land mammal in
the Americas, ranging from northern Canada to southern Chile and Argentina. Throughout their range, cougars
inhabit mountains, temperate forests, deserts, and jungles (Hornocker and Negri 2009). In western North
America, cougars typically are found in forested habitats or rugged mountainous terrain because these habitats
facilitate effective stalking of prey (Logan and Irwin 1985). Within these broad habitat tolerances, cougars may
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prefer riparian vegetation and forest edge to other habitats, presumably because prey are more abundant in
these areas and good stalking cover is present (Laundre and Hernandez 2003, Dickson et al. 2005). Cougars
also tend to avoid open habitats such as grasslands that contain minimal stalking cover if not associated with
topographic complexity (Dickson and Beier 2002). In North America, ungulates, principally deer, are the primary
prey for cougars. Consequently, ungulate abundance is an important component of effective cougar habitat.

Elevation and Slope
Cougars often prefer steep slopes and rugged terrain and they frequently use high elevation habitat (Logan and
Irwin 1985, Laing 1988, Walker and Novaro 2009). Although cougars showed a slight preference for valley
bottoms and gentler slopes in one California study, steep slopes remained the most widely available and heavily
used topographic feature in cougar home ranges during that study (Dickson and Beier 2007). Comparative work
between wolves and cougars shows that cougars tend to use steeper slopes more frequently than wolves
(Alexander et al. 2006, Atwood et al. 2007). Where snow accumulation in winter is substantial, however,
cougars reduce use of high elevation habitat and steeper slopes and converge on valley bottoms (Alexander
et al. 2006). Thus, like wolves and elk, cougar use of high elevations and steep slopes is restricted during winter
in environments with substantial snowfall.

Human Disturbance
Cougars are unable to persist where the intensity of human development is extremely high, such as in cities and
towns (Beier 1993). However, cougars are unaffected by the presence of a number of anthropogenic landscape
features such as low traffic roads (Dickson et al. 2005). Cougars also appear to be capable of persisting in
habitat around the edges of cities and towns and in habitats that are fragmented into smaller patches by
development, provided suitable corridors are present (Beier 1993, 1995). Cougars also might be able to modify
habitat selection patterns to accommodate increasing human development in rural and exurban landscapes,
permitting them to persist and even thrive in moderately developed landscapes (Knopff 2011). As with grizzly
bears and wolves, one of the greatest threats of increasing development for cougars is the increased potential
for human-cougar conflict and the resulting destruction or translocation of offending animals.

1.5.1.1.2

Resource Selection Functions

An RSF is a class of habitat suitability model that uses empirical data to provide an unbiased estimate of relative
probability of selection or use by an organism (Manly et al. 2002). Key benefits of RSFs are that they use spatial
data collected from wildlife to provide quantitative (as opposed to qualitative) habitat models, they are easily
implemented using standard statistical techniques, and information theory can be used for model selection or
inference (Manly et al. 2002, Burnham and Anderson 2002). For these reasons, RSFs are increasingly used to
assess wildlife habitat relationships (Johnson et al. 2004; Lemaitre and Villard 2005; Psyllakis and Gillingham
2009; Richardson et al. 2005; Sawyer et al. 2006). More recently, RSFs have seen application for corridor
identification (Chetkiewicz et al. 2006, Chetkiewicz and Boyce 2009). The assumption typically made when
using RSFs to assess corridors is that the poorest quality habitat on the landscape will inhibit wildlife movement
while the highest quality habitat facilitates it (Chetkiewicz and Boyce 2009). RSFs were developed for grizzly
bears, elk, wolves, and cougars in the Bow Valley to provide a measure of habitat quality for wildlife at the valley
scale, permitting an empirical evaluation of habitat suitability within potential corridors and on developable lands.
To estimate an RSF, information about where animals occur on a landscape must be obtained. Information on
wildlife distribution comes from observations of an animal at a particular location. This information can take the
form of a visual sighting, track identification, a picture on a remote camera, or remote wildlife telemetry using
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Very High Frequency (VHF) radiocollars or Global Positioning System (GPS) collars. Such data are considered
proof of presence and, provided they were collected in an unbiased manner, they can be used to develop a
predictive equation capable of estimating the relative probability of selection across a landscape (Manly et al.
2002). To do so, used sites are compared to random samples of available locations (typically generated in a
Geographical Information System [GIS] environment) using logistic regression. This approach to RSF estimation
is known as a “used-available design” (Manly et al. 2002) and is the approach adopted in this study. Where a
used-available design is applied to estimate an RSF, there are several important points to consider. First, the
number of “available” samples must be sufficient to describe pertinent landscape variability (Manly et al. 2002).
Second, because available samples are not the same as unused locations, predictive output yields a relative as
opposed to absolute probability of selection (Manly et al. 2002). Thus, although the model cannot indicate the
actual probability that a particular landscape will be used by an animal, it does describe how much more or less
likely a particular habitat patch may be selected than a neighbouring patch, or one across the valley (Pearce and
Boyce 2006). Third, although sample contamination (i.e., the potential for randomly generated available points
also to be used points) has been raised as a potential problem in used-available designs and some authors
discourage their application as a result (Keating and Cherry 2004), recent analyses confirm that contamination is
generally insufficient to significantly bias RSF output (Johnson et al. 2006). More importantly, Johnson et al.
(2006) show how to avoid the contamination issue completely by using the logistic regression model to estimate
coefficients for the exponential discriminant function. From this function, the selection ratio for any particular
values of predictor covariates is obtained, reinforcing the validity of applying a used-available approach to RSF
estimation.
To develop a used-available RSF model depicting patch-level relative probability of selection across a
landscape, coefficients estimated for each habitat variable using logistic regression are inserted into the
following log-linear selection model proposed by Manly et al. (2002):

w( x) = exp( β1 x1 + ...β n x n )
where w(x) represents the relative probability of selection of a habitat by a species, βn represent regression
th
coefficients estimated from the logistic regression model and xn represent values for the n habitat variable in a
given patch. Pixels in a GIS are frequently considered patches when estimating an RSF (Manly et al. 2002,
Nielsen et al. 2004a, Chetkiewicz and Boyce 2009).

1.5.1.1.2.1

Model Development

To produce conservative estimates of habitat suitability within proposed corridors, RSF models were developed
for each indicator species during the season when that species has been shown to be most restricted to low
elevation habitat and shallow slopes. It is during these periods when wildlife are most likely to have movements
impeded by development in the valley bottom. For grizzly bears in the Bow Valley, this occurs during summer
(16 June to 10 August), after bears leave denning habitat at high elevation and move down to the valley bottom
and before they move back upslope to access berry crops and alpine vegetation in fall (Chetkiewicz and Boyce
2009). Bears are presumably attracted to lower elevations during summer to forage on abundant green
vegetation and also to prey on ungulate young. Habitat suitability models for bears were therefore developed for
summer using cut-off dates (16 June to 10 August) defined by Chetkiewicz and Boyce 2009. Habitat use by elk,
wolves, and cougars, on the other hand, is most restricted to valley bottoms during winter when snow and ice at
higher elevations cause these animals to congregate at lower elevations and on south facing slopes where snow
depth is lower (Alexander 2001, Duke 2001, Callaghan 2002, Paquet and Carbyn 2003, Hohler 2004,
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Whittington et al. 2005, Alexander et al. 2006, Chetkiewicz and Boyce 2009). Thus, habitat suitability models for
these species were developed for winter. For the purposes of this study, winter was defined as 15 November to
15 April, again following Chetkiewicz and Boyce (2009).
A critical step towards developing effective RSF models is to identify variables that might drive habitat selection
for a particular species. Well-informed model construction is an integral part of using information theory for
model selection (Burnham and Anderson 2002). Identifying appropriate habitat drivers for a species improves
predictive capacity, serving to reduce the incidence of spurious relationships in models (Anderson et al. 2001).
Spurious relationships are those which are biologically irrelevant and arise due to chance; their inclusion in
habitat models can impede conservation when land-management decisions are made based on false wildlifehabitat relationships. Consequently, the literature review of habitat selection patterns for each indicator species
provided in Section 5.1.1.1 was used to facilitate variable identification and inform the structure of candidate
models. In some cases, studies may contradict each other in terms of the strength or direction of a particular
wildlife-habitat relationship. Where this occurs, it highlights the complexity and scale-, site- and season-specific
nature of wildlife-habitat relationships (Nielsen et al. 2004a, Boyce 2006, Ciarniello et al. 2007a, 2007b), and
does not preclude incorporating such variables into candidate models.
Between 17 and 21 candidate models were developed for each indicator species (i.e., grizzly bears in summer,
and elk, wolves, and cougars during winter; Attachment 5). Candidate models incorporated different
combinations of variables thought to drive the habitat-selection patterns of the particular species for which the
model was developed. Because shallow slopes, substantial hiding cover (e.g., forest), and low anthropogenic
development have been proposed as important characteristics of functional corridors in the Bow Valley (BCEAG
1999a), a model including this combination of variables was considered in the candidate set for each species.
To avoid multicollinearity, variables correlated at | r | >0.7 were not used in the same model (Tabachnick and
Fidell 2001, Chetkiewicz and Boyce 2009, Webb et al. 2008). Importantly, slope and elevation were always
highly and positively correlated (r >0.7) in the Bow Valley. These two variables were therefore always
considered in separate candidate models.

1.5.1.1.2.2

Spatial Data

Three types of spatial data are required to estimate an RSF:



locations used by wildlife;



a random sample of locations across the landscape; and



spatially explicit depictions of habitat features that can be linked to the used and available location data.

Although the specific area of concern for this study was the eastern portion of the TSMV land near Wind Ridge
and Wind Valley, any development on the property must be considered in the context of the broader landscape
to ensure that regional-level habitat connectivity is preserved. The extended region of interest over which spatial
data were obtained for RSF modelling, therefore, was that part of the Bow Valley beginning near the Town of
Banff and stretching south-east to where the Bow River flows out of the Rocky Mountains approximately 20 km
east of Canmore, an area that was considered ecologically similar and therefore appropriate for the projection of
species-specific RSFs.
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Telemetry Data
Use locations for grizzly bears, wolves, elk, cougars, were generated using either VHF or GPS wildlife telemetry
collars deployed on a sample of animals from each species in the Bow Valley. Scale is an important
consideration for RSF model development (Boyce 2006) and the scale of interest in this study was the Bow
Valley. Use and availability data were drawn from the polygons shown in Figures 5-8 to ensure that this scale
was reflected in RSF models. Although individual animals often traveled out of the Bow Valley, these data were
not used in RSF modeling, ensuring that habitat suitability models reflect wildlife habitat use patterns only within
the Bow Valley.
Grizzly bear data came from 5 individuals (3 males and 2 females) collared during 2000-2008 with TeleviltSimplex collars programmed to acquire a fix either every 1 or 2 hours, yielding 2,913 locations (Figure 5). The
number of locations for each bear were 30, 590, 405, 1264, and 624. A total of 797 wolf use locations were
obtained during winter from 22 VHF collared wolves during 1988-2003 (Figure 6). Number of locations for
individual wolves varied between 1 and 142. Elk locations were obtained during winter from 11 animals collared
with VHF collars during 2000-2003 (189 locations) and 4 GPS collared animals wearing Telonics (Messa,
Arizona) collars during 2009 (9,874 locations; Figure 7). GPS collared elk yielded 1385, 3381, 3583, and 1525
locations each. Cougar location data were derived from 5 individuals collared with Televilt-Simplex GPS
radiocollars (Lindesberg, Sweden) programmed to obtain a fix either every 1 or 4 hours during 2000-2004. A
total of 2,285 cougar locations were obtained during winter (Figure 8) and these were distributed fairly evenly
among individuals (536, 640, 720, 194 and 195 locations each).
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Telemetry data for individual animals were pooled to develop population-level models. This is the simplest
approach to RSF estimation and was chosen because it suited the available data and could be easily applied
and interpreted. Alternate approaches include mixed-effects models, and models estimated for each individual
animal in the sample and subsequently taking the mean coefficient value to obtain a population model (Gilles et
al. 2006, Fieberg et al. 2010). Pooling data from different animals means that individuals contributing more
location data to the model will have greater influence on population level coefficient values. Although random
effects models can account for this potential problem and might improve model fit (Gillies et al. 2006), problems
with specifying correlation structure (Fieberg et al. 2010) and challenges associated with interpreting the output
of random effects models were deemed to outweigh the potential benefits of their application. In addition, small
sample sizes for some animals meant that they would have more influence on the models than the amount of
data (i.e., <30 locations) could justify (Fieberg et al. 2010). Combining coefficients from models developed for
each individual animal to obtain population-level coefficients for RSFs has recently been advocated as an
alternative, but this approach also was not appropriate because of small numbers of locations obtained for some
collared animals (Fieberg et al. 2010).

Availability Data
Availability data were sampled to characterize the landscape using a random point generator in ArcGIS
2
(version 9.3.1). Points were generated at a sampling intensity of 5 random locations per km following Nielsen et
al. (2004a) and Chetkiewicz and Boyce (2009). For all species, random locations to characterize the available
landscape were generated only within the polygons delineating use locations within the Bow Valley (Figures 5 to
7). All grizzly bears used in this analysis crossed the Trans Canada Highway, suggesting that the
preponderance of grizzly bear locations on the south side of the Bow Valley is driven by high-quality landscape
characteristics and not because bears were unable to move across the valley, justifying incorporating the lessfrequently used north side of the valley as habitat available to bears (Figure 5).

1.5.1.1.2.3

Habitat Layers

Used and available locations were intersected with habitat layers developed in a GIS environment to
accommodate RSF estimation. All spatial analyses were conducted using ArcGIS version 9.3.1 and the pixel
size for all vegetation, terrain, and human use layers was 25 m x 25 m. Vegetation classification was derived
from the Canadian Forest Service’s Earth Observation for Sustainable Development of Forest (EOSD) land
cover classification (SAFORAH, website). Some EOSD classes were collapsed into ecologically similar
categories prior to analysis (Table 1). Where EOSD classified habitat as Shadow, Cloud, or No Data, visual
interpretation of high resolution satellite imagery was used to reclassify pixels to the appropriate habitat class.
Most unclassified habitat occurred high on the mountains surrounding the Bow Valley where satellite imagery
indicated it could be reclassified as rock/rubble or dense conifer. Spatial depictions of human development
(e.g., buildings, golf courses, mines) also were digitized based on visual interpretation of high-resolution satellite
imagery, and linear disturbance (e.g., roads, trails, and railways) were obtained from the Government of Alberta
and Banff National Park. Polygons of built-up areas and golf courses were stamped onto the EOSD
classification as distinct habitat types (Table 1). The landscape also was divided into alpine, subalpine, or
montane vegetation communities using the provincial natural regions and sub-regions data; each generalized
vegetation community category encompassed several habitat types. In addition to data on vegetation cover and
human use, GIS layers depicting terrain features also were obtained. Elevation, slope, and a terrain ruggedness
index (TRI) were calculated using a Digital Elevation Model (DEM). The TRI was obtained from the DEM using
the TRI.aml script in ArcGIS, which conforms to the approach described by Riley et al. (1999). Each pixel in the
GIS also was assigned a binary value identifying it as south facing (157.5° – 202.5°) or not, again using the
DEM. Greeness was calculated using a tasseled cap transformation from thematic imagery (Franklin 2001).
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Although snow might be an important determinant of wildlife habitat suitability during winter (see
Section 5.1.1.1), snow depth can vary dramatically both spatially and temporally during winter and these finescale data were unavailable. However, south-facing slopes and elevation may account for some of the variation
in snow depth. Edges between forests and other habitat types also can be important habitats for some wildlife
species and a forest edge layer was created using a buffer 1 pixel wide on either side of the coniferous,
broadleaf and mixed wood forest types (total width = 50m).
Table 1: Habitat Classifications derived from the EOSD or interpreted visually from Satellite Imagery and
used for RSF Modelling
Classification for
Modelling

EOSD
Classification

Description

N/A (reclassified)

no data

No data – unknown reason

N/A (reclassified)

cloud

No data – image obscured by cloud cover

N/A (reclassified)

shadow

No data – image obscured by shadow

water

water

Lakes, reservoirs, rivers, or streams

nonveg

snow/ice

includes glacier, snow, or ice

nonveg

rock/rubble

Bedrock, rubble, talus, blockfield, rubbley mine spoils, or lava beds

nonveg

exposed land

River sediments, exposed soils, pond or lake sediments, reservoir margins,
beaches, landings, burned areas, road surfaces, mudflat sediments,
cutbanks, moraines, gravel pits, tailings, or other non-vegetated surfaces

shrub

shrub tall

At least 20% ground cover which is at least one-third shrub; average shrub
height greater than or equal to 2 m

wet_shrub

wetland-shrub

Land with a water table near/at/above soil surface for enough time to
promote wetland or aquatic processes; the majority of vegetation is tall,
low, or a mixture of tall and low shrub

herb

herb

Vascular plant without woody stem (grasses, crops, forbs, gramminoids);
minimum of 20% ground cover or one-third of total vegetation must be herb

conif_dens

coniferous dense

Greater than 60% crown closure; coniferous trees are 75% or more of total
basal area

conif_open

coniferous open

26-60% crown closure; coniferous trees are 75% or more of total basal
area

br_leaf

broadleaf dense

Greater than 60% crown closure; broadleaf trees are 75% or more of total
basal area

mixwood

mixed wood dense

Greater than 60% crown closure; neither coniferous nor broadleaf tree
account for 75% or more of total basal area

builtup

N/A

Buildings, parking lots, or other anthropogenic structures

golf

N/A

Golf course greens, tees, and fairways

For modelling, proportions of each EOSD habitat classification and habitat classifications stamped into the
EOSD were calculated within three moving windows classes: 150 m, 300 m, and 600 m in diameter. Similarly,
2
300 m and 600 m moving windows were used to calculate density of linear features (km/km ). Animals can
select for landscape features at different spatial scales (i.e., moving window sizes; Gaucherel et al. 2010), and
larger moving windows will tend to smooth RSF probability surfaces because adjacent cells necessarily have
similar properties. For species where location data were obtained primarily or exclusively using GPS collars
(e.g., grizzly bears, elk, and cougars), the scale of moving window used in model development was selected
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based on the best performing univariate model, or was assigned based on biological expectation. For VHF
collared wolves, on the other hand, only the 600 m diameter size was used in RSF model development (see next
section for justification). Surfaces depicting the shortest straight-line distance from a pixel to the nearest built-up
habitat or to roads or trails also were calculated and evaluated as potential drivers of wildlife habitat selection.
Because wildlife telemetry data were obtained over long periods of time (i.e., 1988-2009, depending on species)
it was important to account for landscape changes caused by human development during that period. Wildlife
location data were therefore applied to maps depicting development prior to and after 2004, depending on the
date associated with the telemetry location. Data were unavailable to make finer temporal divisions. This may
not account well for wolf data collected in the late 1980s and early 1990s, but because most wolf locations occur
west of Canmore where new development over the last two decades has been less pronounced, the introduced
bias was expected to be minimal. All RSF surfaces used to predict habitat suitability for corridor assessment
were estimated by applying models estimated from appropriate temporal layer to more up-to-date (i.e., 2009)
development surfaces.

1.5.1.1.2.4

Wildlife Telemetry Collar Bias

Wildlife location data collected using VHF telemetry is often associated with uncertainty regarding the precise
location of an animal because of triangulation error (White and Garrott 1990, Gilsdorf et al. 2008). Data on wolf
habitat use were exclusively obtained using VHF telemetry and were subject to this form of error. To account for
location uncertainty, wolf points were intersected only with GIS layers calculated using a moving window 600m in
diameter. Although some elk data also were derived using VHF collars, the vast majority (>95%) were
generated using GPS telemetry, and a similar restriction to the 600 m moving window size for elk RSF
development was deemed unnecessary. Another bias associated with VHF telemetry locations is that these
data are generally collected during daylight hours and so do not represent habitat selection throughout the diel
cycle. The only species this form of bias substantially affects is wolves, but considering this potential bias is
important since wolves have demonstrated a tendency to reduce avoidance of anthropogenic features at night
(Hebblewhite and Merrill 2008). Consequently, any avoidance of anthropogenic features by wolves might be
over-emphasised using daytime VHF telemetry.
Location data obtained using GPS collars are generally much more accurate than those obtained from VHF
telemetry and precision after the United States government stopped scrambling GPS signals in 2000 has
increased dramatically. Moreover, GPS collars collect data throughout the diel cycle, avoiding temporal bias.
GPS telemetry is not perfect, however, and bias can be introduced where vegetation or terrain interfere with fix
acquisition, causing fix locations to occur less frequently in some habitats than others. This bias has important
implications for habitat models, including RSFs, because it can cause selection coefficients to be underestimated
in habitats where the probability of successfully obtaining a fix is lower (D’Eon et al. 2002, Frair et al. 2003). For
GPS collars with high fix success, this form of bias is not a concern (Frair et al. 2003, Hebblewhite et al. 2007).
However, for collars with low fix success such as the Televilt Simplex collars used on grizzly bears and cougars
in this study (see Chetkiewicz and Boyce 2009 for additional detail on collar performance), correction for habitat
bias is necessary (Hebblewhite et al. 2007). Correction was accomplished by using the inverse of the probability
of fix as a sample weight for used locations in the logistic regression model applied to estimate grizzly bear and
cougar RSFs (available locations all received a sample weight of 1; Frair et al. 2003). To identify the probability
of obtaining a fix where each cougar or grizzly bear location was recorded, a PFIX layer developed by
Hebblewhite et al. (2007) for Televilt Simplex collars in the region around the Bow Corridor was applied to the
landscape at the pixel level in the GIS and intersected with cougar and grizzly bear GPS data.
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1.5.1.1.2.5

Model Selection

Each candidate model was fit using logistic regression and ranked using the small sample size correction for
Akaike’s Information Criterion (AICc; Akaike 1973, Burnham and Anderson 2002). Model selection criteria from
the AIC family were used because of their comparative advantage when ranking models that describe complex
systems, such as ecosystems (Hurvich and Tsai 1989). The small sample corrected form of AIC (AICc)
converges on AIC as sample size becomes large. Consequently, it provides an improved model selection
criterion for small sample sizes and is comparable to AIC for larger sample sizes, indicating that AICc can be
universally applied for model selection regardless of sample size.

1.5.1.1.2.6

Model Validation

Prior to application, models should be evaluated for predictive reliability in a process referred to as model
validation (Marcot et al. 1983). Validation was conducted on the best RSF model (identified from the candidate
set using AICc) for each indicator species to evaluate model reliability. When employing a used-available
sampling scheme, as in this study, traditional logistic regression diagnostic approaches such as Receiver
Operating Characteristics (ROC) curves or goodness-of-fit tests are inappropriate (Boyce et al. 2002, Johnson et
al. 2006). Therefore, a cross-validation approach using k-fold partitioning (as recommended by Boyce et al.
2002) was applied to RSF models for each indicator species. This approach iteratively withholds a partition of
the used data (the number of partitions = k), parameterizes the model using the remaining data, and predicts
probability of selection for the withheld data (Fielding and Bell 1997, Boyce et al. 2002, Johnson et al. 2006). All
models developed in this study were evaluated using k = 5. A good model is one where the withheld used
locations fall more often in habitat patches that are predicted to be high suitability by a model parameterized with
the remaining data.
To assess model fit, the RSF probability surface for each species was predicted at the appropriate availability
extent (Figures 5 to 8) and binned into 5 equal-area RSF score categories for each of the 5 validation sets. The
average number of withheld locations in each bin (across all 5 validations) was then correlated with bin rank
using a Spearman Rank Correlation (Boyce et al. 2002) and observed number of locations in each bin were
compared to expected values derived from a utilization function (Johnson et al. 2006) to quantify predictive
ability. Models that predict well will have a high positive Spearman Rank Correlation score (Rs; Boyce et al.
2002), and, when used locations are compared with expected, a model that is proportional to the probability of
2
use will exhibit a regression slope “different from 0, but not different from 1, and intercept of 0, and a high R
2
value with nonsignificant χ goodness-of-fit value” (Johnson et al. 2006 pp. 352). Final models were estimated
over the entire Bow Valley study area (Figure 9). The 5 habitat classification bins were considered to represent
habitats of low, moderate-low, moderate, moderate-high, and high relative probability of selection of the
landscape by each species.

September 15, 2012
Report No. 12-1332-0001

44

I:\2010\10-1332\10-1332-0001\Mapping\MXD\Final_Report\Fig_9_RSF_Extent.mxd

600000

610000

620000

630000

640000

650000

5680000

590000

5680000

580000

5670000

5670000

Banff
1
Harvie Heights

1

5660000

5660000

Canmore
Exshaw

5650000

580000

590000

LEGEND

600000

610000

620000

630000

640000
10
SCALE

TOWNS AND HAMLETS

RSF MODELING EXTENT

0

10
KILOMETRES

1:300,000

TSMV AND
WILDLIFE
CORRIDORS

RSF MODELLING EXTENT

REFERENCE

Imagery obtained from Bing Maps, May 2010.
Projection: UTM Zone 11 Datum: NAD 83

650000

PROJECT

TITLE

5640000

5640000

5650000

Dead Man's
Flat

Calgary, Alberta

PROJECT NO. 10-1332-0001
DESIGN KK 14 May 2010
GM 18 Jan. 2011
GIS
CHECK MGJ 08 Mar. 2011
REVIEW

SCALE AS SHOWN

REV. 2

FIGURE: 9

WILDLIFE CORRIDORS AND THE TSMV

1.5.1.2

Habitat Suitability within Proposed Corridors

RSFs developed for grizzly bears, wolves, elk, and cougars were used to assess wildlife habitat suitability within
the proposed corridors. Corridor habitat suitability was evaluated under two landscape scenarios. The first was
based on landscape conditions in winter 2010 (i.e., no development on the eastern portion of TSMV lands). This
scenario may not provide an accurate indication of potential corridor efficacy if future adjacent development
alters habitat suitability within the corridor. Under the second landscape scenario, therefore, a simulated
development was applied to undeveloped portions of TSMV property. The development was designed to be
consistent with the concept designs presented to the NRCB for this portion of TSMV property. The simulation
considered a full build-out scenario, including roads, commercial developments, and residential developments.
Substantial green-space (>50%) was retained within the development property for aesthetic reasons and to
maintain wetlands and capacity for storm-water runoff. Even within development nodes, residential areas east of
the terminus of the Along Valley Corridor are planned with low density housing (i.e., 1.5 single family units/acre),
which provides the potential for substantial retention of natural landscape and vegetation features. No golf
courses are planned for this portion of TSMV development.
Because of the large size of proposed corridors, buffers and setbacks were unnecessary and simulated
development proceeded to the southern boundary of TSMV property. RSFs were recalculated for the simulated
landscape to evaluate the predicted effect of development on corridor habitat suitability. Habitat suitability also
was assessed under both landscape scenarios for that portion of TSMV property occurring east of the terminus
of the approved Along Valley Corridor (where official corridor designation is still required).

1.5.1.3

Supporting Information

Although modelling habitat selection is a powerful tool that can be applied to corridor evaluation (Chetkiewicz et
al. 2006), the NRCB (1992) also requires that corridors conform to known movement routes of wildlife (NRCB
1992 pp. 10-38). To provide this information, actual movement routes of wildlife must be identified. Site-specific
wildlife telemetry data were plotted and evaluated spatially to determine actual use of the two proposed wildlife
corridors and the undeveloped TSMV property east of the terminus of the approved Along Valley Corridor by
collared animals. Number of locations/ha was compared among the different land use polygons. The data also
were used to identify probable movement routes taken by wildlife through corridors and across TSMV property.
Wildlife monitoring programs implemented on Wind Ridge and at the east end of TSMV property provide
additional supporting data demonstrating wildlife use of the area. These monitoring programs have continued to
the present day and provide supplementary information regarding the use of the proposed corridors by wildlife.
In addition to the wildlife monitoring, a thorough on-the-ground assessment of wildlife trail networks designed to
record observations of wildlife and wildlife sign on and around Wind Ridge was conducted between 2008 and
2010. The investigation included snowtracking, identification and mapping of wildlife trails, deploying remote
cameras along wildlife trails and scat and track identification to evaluate species presence and trail use.

September 15, 2012
Report No. 12-1332-0001

46

WILDLIFE CORRIDORS AND THE TSMV

1.5.2
1.5.2.1
1.5.2.1.1

Results and Recommendations
Habitat Suitability Models
Grizzly Bear

The most parsimonious model for predicting relative probabilities of grizzly bear use of the Bow Valley during
summer contained variables for terrain features, anthropogenic landscape features, and vegetation (Table 2).
Grizzly bears selected locations with high greenness, higher elevations, areas with high trail density, forest edge,
herbaceous vegetation, and montane vegetation communities (Table 3). Grizzly bears avoided rugged terrain,
developed areas, nonvegetated areas at high elevation, south slopes, golf courses, and habitats dominated by
shrubs (Table 3). Slope was tested as a candidate variable, but was not included in the most parsimonious
model. Although grizzly bears tended to avoid areas consisting of the steepest slopes (e.g., mountain tops)
telemetry data indicate that bears used areas with slopes up to 34.5˚ during summer. The BCEAG guidelines
th
model which included slope, hiding cover, and anthropogenic development variables ranked 9 of 17 candidate
models (wi = 0.00). Although alpine meadows provided highly selected habitat, especially at the head of Wind
Valley, most of the best grizzly bear habitat during summer was in the valley bottom, a result also reported by
Chetkiewicz and Boyce (2009). Presumably, grizzly bear selection for greenness and a preference for habitats
closer to trails reflect selection for the food resources with which these variables were correlated (e.g., Roever
et al. 2008). Model validation indicated that the most parsimonious summer grizzly bear RSF provided an
2
extremely good fit to the data and exhibited excellent predictive capacity (Rs = 1, R = 0.99, Slope = 0.94,
2
Intercept = 0.01, P(χ ) >0.1; Figure 10). A spatial depiction of the relative probability of grizzly bear habitat use
of the landscape on and around the TSMV property is displayed in Figure 11.
The model presented above yields results similar to the model presented by Chetkiewicz and Boyce (2009;
Figure 12), except that their model indicates higher grizzly bear habitat suitability over much of the region of
interest. A primary reason for this difference is the scale at which the models were estimated. Chetkiewicz and
Boyce (2009) estimated grizzly bear habitat selection model during summer using data extending well beyond
the boundaries of the Bow Valley. One potential explanation for their higher habitat suitability classifications for
grizzly bears within the proposed corridors is that habitat within the Bow Valley is of relatively high value in a
regional context. Consequently, habitats deemed moderate, or moderate-low at the Bow Valley scale in this
study (i.e., Figure 11) may have higher relative value at broader regional scales, indicating that the Bow Valley in
general is relatively attractive to grizzly bears.
The poorest habitats for grizzly bears in the Bow Valley during summer consisted primarily of exposed rock at
high elevation. Strong avoidance of golf courses by grizzly bears may be related to ongoing aversive
conditioning programs implemented by ESRD in the Bow Valley, and not necessarily because golf courses
represent inherently poor habitat for bears. Grizzly bears that entered areas of high human use, such as golf
courses, were hazed using rubber bullets, bangers and aggressive dogs. Aversive conditioning of collared bears
such as those used for RSF development was perhaps more consistently applied than aversive conditioning of
other bears because collared animals were easily monitored (Honeyman 2008). Of the bears monitored by
ESRD and used in model development, two received no aversive conditioning and two received extensive
aversive conditioning (J. Jorgensen, ESRD, personal communication). The fifth bear used for model
development was collared in Banff National Park, and it was unclear whether it was subjected to aversive
conditioning (J. Jorgensen ESRD, personal communication).
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Table 2: Top-ranked Logistic Regression Models for Relative Probability of Grizzly Bear Habitat Use in
the Bow Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

greenness elev tri builtup_150 elevnonveg_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600 golf_150 shrub_600
dist_builtup montane

-3051

13

6127

0

1.0

2

greenness elev builtup_150 elevnonveg_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600 golf_150 shrub_600
dist_builtup montane

-3121

12

6267

140

0.0

3

slope_perc slope2 greenness builtup_300 elevnonveg_600
south_slope_600 dens_trails_600 forest_edge_600 herb_600
golf_150 shrub_600 dens_roads_600 dist_builtup

-3129

13

6283

156

0.0

4

greenness elev elev2 builtup_300 dens_trails_600 forest_edge_600
herb_600 golf_150 shrub_600 dens_roads_600 dist_builtup

-3137

11

6296

169

0.0

5

builtup_150 forest_edge_300 dens_trails_300 dens_roads_600
dist_builtup south_slope_600 elev elev2 shrub_150 conif_dens_600
nonveg_300 herb_600 golf_600

-3207

12

6437

310

0.0

(a)

Numbers following variable names indicate the moving window size used.
Note:
Models are shown in order of decreasing rank. Log-likelihood (LL), number of estimated parameters (K), small sample size
corrected Akaike’s Information Criterion (AICc), AIC difference (∆AICc), and AIC weight (wi) are displayed for each of the top 5
models considered in the candidate set. Variables are defined in Section 5.1.1.2.3.

Table 3: Coefficients for the Highest Ranked Logistic Regression Model used to Predict Relative
Probability of Grizzly Bear Habitat Use in the Bow Valley during Summer
Variable

Coefficient

Greenness

0.0598720

elev

0.0029652

TRI

-0.0312045

builtup_150

-0.9917101

elev*nonveg_600

-0.0006170

south_slope_600

-0.6676020

dens_trails_600

0.2813665

forest_edge_600

2.5757000

herb_600

1.9769270

golf_150

-6.5657650

shrub_600

-1.8038040

dist_builtup

0.0000848

montane

0.8545787

Note:

Variables are defined in Section 5.1.1.2.3.
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1.5.2.1.2

Wolf

The most parsimonious model for predicting relative probabilities of wolf use of the Bow Valley during winter
contained variables for terrain features, anthropogenic landscape features, and vegetation (Table 4). Wolves
exhibited a non-linear (quadratic) response to elevation (i.e., a squared term was included in the model). This
indicates that wolves generally avoided valley bottoms and selected intermediate elevations, especially on south
facing slopes (Table 5). Wolves avoided non-vegetated habitats, built up areas, areas with high trail density and
golf courses (Table 5). In addition to a strong preference for south facing slopes, wolves selected for forest
edge, herbaceous vegetation and areas with more shrubs (Table 5). Models including slope as a covariate
explained less of the overall variation in habitat use than did models including elevation. Although wolves
tended to remain in valley bottoms where slopes are gentle, telemetry data indicate that wolves used areas with
slopes up to 32.5˚. These results are generally consistent with previous findings regarding wolf habitat selection
in the Alberta Rockies (Alexander 2001, Duke 2001, Callaghan 2002; Paquet and Carbyn 2003, Whittington et
al. 2005). A primary difference is that a non-linear relationship with elevation was tested during model selection
and that it proved important (i.e., it was retained in the top model). The BCEAG guidelines model which included
th
slope, hiding cover, and anthropogenic development variables ranked 10 of 22 candidate models (wi = 0.00).
The poorest quality habitat for wolves in the Bow Valley during winter consisted primarily of exposed rock at high
elevation, while the best habitat included south facing slopes at moderate elevations; these were especially
prominent on the north side of the Bow Valley (e.g., the benches north of Canmore and west of the town of
Banff). Model validation indicated that the top wolf RSF generated in this analysis provided an extremely good fit
2
2
to the data and exhibited excellent predictive capacity (Rs = 1, R = 0.95, Slope = 0.97, Intercept = 0.01, P(χ )
>0.1; Figure 13). A spatial depiction of the relative probability of wolf habitat use of the landscape on and around
the TSMV property is displayed in Figure 14.
Table 4: Top-ranked Logistic Regression Models for Relative Probability of Wolf Habitat Use in the Bow
Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

a

1

elev elev2 builtup_600 nonveg_600
south_slope_600 dens_trails_600 forest_edge_600
herb_600 golf_600 shrub_600

-1433

10

2886

0.0

0.7

2

elev elev2 builtup_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600
shrub_600

-1436

8

2888

1.8

0.3

3

slope slope2 builtup_600 nonveg_600
south_slope_600 dens_trails_600 forest_edge_600
elev herb_600 golf_600 shrub_600

-1506

10

3033

147.1

0.0

4

builtup_600 nonveg_600 south_slope_600
dens_trails_600 forest_edge_600 elev herb_600
golf_600 shrub_600

-1518

9

3053

167.1

0.0

5

builtup_600 nonveg_600 south_slope_600
dens_trails_600 forest_edge_600 elev

-1543

6

3098

211.5

0.0

(a)
Numbers following variable names indicate the moving window size used.
Note:
Models are shown in order of decreasing rank. Log-likelihood (LL), number of estimated parameters (K), small sample size
corrected Akaike’s Information Criterion (AICc), AIC difference (∆AICc), and AIC weight (wi) are displayed for each of the top 5
models considered in the candidate set. Variables are defined in Section 5.1.1.2.3.
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Table 5: Coefficients for the Highest Ranked Logistic Regression Model used to Predict Relative
Probability of Wolf Habitat Use in the Bow Valley during Winter
Variable

Coefficient

elev

0.088387

elev2

-0.000030

builtup_600

-7.021987

nonveg_600

-0.146696

south_slope_600

1.538460

dens_trails_600

-0.200368

forest_edge_600

0.670858

herb_600

1.033150

golf_600

-4.090004

shrub_600
Note:

1.32248

Variables are defined in Section 5.1.1.2.3.
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1.5.2.1.3

Elk

The most parsimonious model for predicting relative probabilities of elk use of the Bow Valley during winter
contained variables for terrain features, anthropogenic landscape features and vegetation (Table 6). Like
wolves, elk exhibited a non-linear (quadratic) response to elevation. In addition to a preference for built-up areas
(i.e., elk in the Bow Valley near Canmore prefer to be closer to human developments), elk selected for forest
edge, herbaceous vegetation and golf courses (Table 7). Surprisingly, elk avoided south facing slopes, but this
appears to be a function of the extensive use of built up areas in the Town of Canmore, especially on the south
side of town (i.e., north aspect). Elk also avoided dense conifer and shrub habitats. Models including slope as a
covariate explained less of the overall variation in habitat use than did models including elevation. Although elk
tended to remain in the valley bottoms during winter, telemetry data indicate that elk used areas with slopes up
to 34.5˚. These results, particularly selection for built-up areas and golf courses, are consistent with previous
studies of elk habitat use near the town of Banff, and may be a function of built-up areas providing protection
from predation in addition to good quality forage (McKenzie 2001, Kloppers et al. 2005). The BCEAG guidelines
th
model which included slope, hiding cover, and anthropogenic development variables ranked 7 of 20 candidate
models (wi = 0.00). Just as with wolves, the poorest quality habitat for elk in the Bow Valley during winter
included snow covered mountaintops consisting of broken rock and little vegetative cover. The best habitat for
elk was found on the valley floor, especially around developed areas and golf courses, the same places avoided
by wolves and cougars, which are important predators of elk. Model validation indicated that the top elk RSF
generated in this analysis provided an extremely good fit to the data and exhibited excellent predictive capacity
2
2
(Rs = 1, R = 0.99, Slope = 0.94, Intercept = 0.01, P(χ ) >0.1; Figure 15). A spatial depiction of the relative
probability of elk habitat use of the landscape on and around the TSMV property is shown in Figure 16.
Table 6: Top-ranked Logistic Regression Models for Relative Probability of Elk Habitat Use in the Bow
Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

(a)

Note:

1

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev elev2 dist_builtup
south_slope_600

-2895

9

5808

0.0

1.0

2

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev dist_builtup
south_slope_600

-2915

8

5845

37.7

0.0

3

golf_600 herb_150 elev dist_builtup
south_slope_600

-2964

5

5937

129.7

0.0

4

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev elev2 dist_builtup

-2991

8

5998

190.2

0.0

5

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev dist_builtup

-2998

7

6010

202.8

0.0

Numbers following variable names indicate the moving window size used.
Models are shown in order of decreasing rank. Log-likelihood (LL), number of estimated parameters (K), small sample size
corrected Akaike’s Information Criterion (AICc), AIC difference (∆AICc), and AIC weight (wi) are displayed for each of the top 5
models considered in the candidate set. Variables are defined in Section 5.1.1.2.3.
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Table 7: Coefficients for the Highest Ranked Logistic Regression Model used to Predict Relative
Probability of Elk Habitat Use in the Bow Valley during Winter
Variable

Coefficient

conif_dense_600

-1.176067

shrub_600

-2.687693

forest_edge_600

1.73134

golf_600

4.113394

herb_150

1.041379

elev

0.0550596

elev2

-0.0000215

dist_builtup

-0.0008968

south_slope_600

-4.455782

Note:

Variables are defined in Section 5.1.1.2.3.
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1.5.2.1.4

Cougar

The most parsimonious model for predicting relative probabilities of cougar use of the Bow Valley during winter
contained variables for terrain features, anthropogenic landscape features, and vegetation (Table 8). As with
wolves and elk, cougars exhibited a non-linear (quadratic) response to elevation during winter. Like wolves,
cougars showed a particular affinity for intermediate elevation south facing slopes. Cougars avoided
non-vegetated habitats, built up areas, areas with high trail density, areas with high road density and golf
courses (Table 9). Presumably because prey species (e.g., elk) selected built-up areas, cougars preferred to be
closer to these areas, even though the coefficient for built-up areas was negative. Cougars also selected forest
edge, herbaceous vegetation, dense conifer forest, and areas with more shrubs (Table 9). Models including
slope as a covariate explained less of the overall variation in habitat use than did models including elevation.
Like wolves and elk, cougars during winter tended to avoid higher elevations that correlated with steep slopes.
However, telemetry data indicate that cougar used areas with slopes up to 32˚. The BCEAG guidelines model
th
which included slope, hiding cover, and anthropogenic development variables ranked 15 of 18 candidate
models (wi = 0.00).
The Bow Valley contains habitat with a relatively high probability of selection by cougars within a regional
context, especially during winter (Chetkiewicz and Boyce 2009). The habitat with the lowest probability of
selection by cougars in the Bow Valley during winter consisted of rocky peaks at high elevation, intensely
developed areas (i.e., the core of the town of Canmore), and golf courses. Preferred cougar habitat extended to
higher elevations than for either wolves or elk. Like wolves, the best winter habitats for cougars were found on
the south-facing benches on the north side of the Bow Valley, presumably because snow depth is lower and
more prey are available in these habitats during winter. Residential developments outside of Canmore’s core did
not necessarily cause cougar habitat quality to decline to low levels. In fact, RSF scores indicated that some
smaller residential developments surrounded by forest (e.g., developments on Lawrence Grassi Ridge and
Wilson Way on the south side of Canmore) consisted of habitat with moderate to high probability of selection by
cougars. Model validation indicated that the top cougar RSF generated in this analysis provided an extremely
2
2
good fit to the data and exhibited excellent predictive capacity (Rs = 1, R = 0.99, Slope = 1, Intercept = 0, P(χ )
>0.1; Figure 17). A spatial depiction of the relative probability of cougar use of the landscape on and around the
TSMV property is displayed in Figure 18.
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Table 8: Top-ranked Logistic Regression Models for Relative Probability of Cougar Habitat Use in the
Bow Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

1

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 elev elev2
shrub_150 conif_dens_600 nonveg_300 herb_600 golf_600

-1902

12

3828

0.0

1.0

2

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 elev elev2
nonveg_300 herb_600 golf_600

-1908

11

3839

11.2

0.0

3

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 slope_perc
slope2 shrub_150 conif_dens_600 nonveg_300 herb_600
golf_600

-1928

12

3880

52.0

0.0

4

builtup_150 conif_dens_300 conif_open_600 golf_600
herb_600 shrub_150 wet_shrub_300 elev elev2
south_slope_600 dens_trails_300 dens_tchwy_600
forest_edge_300

-2015

13

4056

228.3

0.0

5

builtup_150 conif_dens_300 golf_600 herb_600 nonveg_150
shrub_150 wet_shrub_300 elev elev2 south_slope_600
dens_trails_300 forest_edge_300

-2026

12

4077

249.4

0.0

(a)
Numbers following variable names indicate the moving window size used.
Note:
Models are shown in order of decreasing rank. Log-likelihood (LL), number of estimated parameters (K), small sample size
corrected Akaike’s Information Criterion (AICc), AIC difference (∆AICc), and AIC weight (wi) are displayed for each of the top
5 models considered in the candidate set. Variables are defined in Section 5.1.1.2.3.

Table 9: Coefficients for the Highest Ranked Logistic Regression Model used to Predict Relative
Probability of Cougar Habitat Use in the Bow Valley during Winter
Variable

Coefficient

builtup_150

-1.281421

forest_edge_300

0.2907269

dens_trails_300

-0.1273898

dens_roads_600

-0.1737865

dist_builtup

-0.0006896

south_slope_600

1.394376

elev

0.0077137

elev2

-2.90E-06

shrub_150

0.8890654

conif_dense_600

0.9852458

nonveg_300

-0.3634998

herb_600

4.427354

golf_600

-12.5119

Note:

Variables are defined in Section 5.1.1.2.3.
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1.5.2.2

Efficacy of Proposed Corridors

1.5.2.2.1

Proposed Wind Ridge Corridor

1.5.2.2.1.1

Habitat Suitability

Wind Ridge is a contentious place for a proposed wildlife corridor because in the past it has been identified as
habitat that does not support wildlife movement (BCEAG 1999a, Regional Wildlife Corridor Study 2002, Alberta
Tourism, Parks, and Recreation 2010). TSMV land directly below the ridge, on the other hand, has been
described as prime wildlife habitat (Regional Wildlife Corridor Study 2002, Heuer and Lee 2010). Although Wind
Ridge generally had lower RSF model scores than TSMV lands (compare Tables 10 and 11), habitat suitability
did not decline immediately to low levels when slopes exceeded 25 degrees, as has previously been suggested
(e.g., Regional Wildlife Corridor Study 2002). For cougars in particular, Wind Ridge provides substantial portions
of moderate and moderate-high habitat suitability (Table 10). Even in the case of wolves, the species for which
habitat suitability within the proposed Wind Ridge Corridor is lowest, habitat suitability on the lower portion of
Wind Ridge is indistinguishable from that on TSMV land (Figure 14). Thus, a corridor placed in habitat
immediately upslope of TSMV lands on the northern portion of Wind Ridge would have a probability of selection
similar to the habitat found on developable lands down slope.
Vertical rocky cliffs occurring several hundred meters south of the boundary of the proposed corridor are likely to
have a near-zero probability of selection by grizzly bears, wolves, elk, and cougars. A limited number of small
cliff bands within the proposed Wind Ridge Wildlife Corridor also might prove locally impassable. However,
these features should not hinder wildlife movement at the corridor scale.
As pointed out previously, because corridors are not intended to function as habitat patches (BCEAG 1999a),
they need not include the highest-quality habitats, provided habitat within the corridor is of sufficient quality that
wildlife movement will be maintained after development has been implemented. In the case of the proposed
Wind Ridge Corridor, RSF models indicate that, prior to development, <8% of the corridor consists of lowsuitability habitat and ≥48% of the corridor is of moderate suitability or better for each species, without
substantial barriers to movement anywhere within the corridor. After simulated development, probability of
selection declined slightly for wolves and grizzly bears, and increased for cougars and elk within the proposed
Wind Ridge Corridor (Tables 10 and 11). Nevertheless, the amount of low suitability habitat within the proposed
Wind Ridge Corridor remains <10% and the amount of moderate or better habitat is ≥45% for both grizzly bears
and wolves.
Even where overall habitat suitability appears sufficient within a corridor, however, swaths of contiguous
permeable habitat are required for effective corridors (Beier et al. 2008). For elk, wolves and cougars,
contiguous segments of moderate suitability habitat or better >450 m wide are available between the edge of the
Wind Valley Habitat Patch and the edge of the approved Along Valley Corridor through the proposed Wind Ridge
Corridor (more than 2 km wide in the case of cougars; Figures 20-22). For wolves and elk, the upper portions of
the proposed Wind Ridge Corridor may rarely be used during winter. For grizzly bears, contiguous segments of
moderate suitability habitat or better >230 m wide are present within the proposed Wind Ridge Corridor
(Figure 19). Known grizzly bear movement patterns on the landscape indicate that habitats of moderate-low
probability of selection also are frequently used for movement on Wind Ridge, suggesting that most of the >2 km
wide corridor can be used by bears for movement (Section 5.2.2.3). Grizzly bears frequently used similar habitat
quality in the vicinity of Skogan Pass and in the upper reaches of the Wind Valley (e.g., moderate or lower during
summer) for movement, based on radio telemetry data. Grizzly bears and cougars movement appears to be
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restricted only by the rocky tops of mountains, dense development in the town of Canmore and the fenced
highway. Therefore, habitat appears to be of sufficient quality, and is oriented in an appropriate manner, that all
indicator species are expected to use the proposed Wind Ridge Corridor for movement linking the approved
Along Valley Corridor to the Wind Valley Habitat Patch.
In addition, the southern boundary of the proposed Wind Valley Corridor was drawn to create a straight line
between the edge of the approved Along Valley Corridor and the Wind Valley Habitat Patch. In reality, wildlife
can use habitat upslope from the corridor boundary for movement (Section 5.2.2.3). This is especially true for
grizzly bears, for which high-quality habitat is available at higher elevations. Indeed, the entire Wind Ridge
contains substantial high quality habitat for grizzly bears in spring and fall (Chetkiewicz and Boyce 2009), and is
used extensively by them (see Section 5.2.2.3). Because bears presumably are attracted to the valley bottom to
take advantage of high quality forage during summer rather than being restricted to lower elevations by
topography or other factors, there is little reason to suspect that grizzly bear movements would be inhibited
anywhere on the Wind Ridge, even where habitats are less preferred in some seasons.
Table 10: Wildlife Habitat Suitability within the Proposed Wind Ridge Corridor
Habitat
Suitability

Grizzly Bear
ha

%

Wolf
ha

Elk
%

ha

Cougar
%

ha

%

High

18.1

5%

0%

5.06

1%

2.88

1%

Mod-High

56.43

16%

43.95

12%

70.97

20%

133.44

38%

Moderate

97.39

28%

142.42

40%

155.78

44%

205.9

58%

Mod-Low

155.15

44%

148.15

42%

117.76

33%

26.87

8%

19.42

5%

4.37

1%

Low

0

11.71
0

3%
0%

Table 11: Wildlife Habitat Suitability within the Proposed Wind Ridge Corridor after Simulated
Development of TSMV Property
Habitat
Suitability

Grizzly Bear
ha

%

Wolf

Elk

ha

%

ha

Cougar
%

ha

%

High

17.58

5%

0

0%

31.1

9%

76.52

22%

Mod-High

57.63

16%

14

4%

76.65

22%

220.98

62%

Moderate

86.87

25%

161.64

46%

146.54

41%

56.42

16%

Mod-Low

157.58

45%

159.4

45%

99.52

28%

0

0%

34.26

10%

5%

0.12

0%

0

0%

Low
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1.5.2.2.1.2

Human-Wildlife Conflict

The proposed Wind Ridge Corridor is in an almost entirely undeveloped state and development can occur on
one side of the corridor only, two features that should help reduce human-wildlife conflict. This stands in
contrast to some previously proposed corridor options. For example, the Regional Wildlife Corridor Study (2002)
identifies a potential corridor that leaves TSMV development property on either side of the corridor, requiring
roads bisecting the corridor for development to occur and increasing the probability of human-wildlife conflict as
wildlife moves between development nodes. The corridor proposed in the Regional Wildlife Corridor Study
(2002) also is bisected by an existing road (leading from the Trans Canada Highway to the Banff Mountain Gate
Resort), which is inconsistent with the requirements of the NRCB (1992) and also might increase human wildlife
conflict (Attachment 4).
Despite design features of the proposed Wind Ridge Corridor applied to limit human-wildlife conflict, potential for
such conflict still exists, especially where TSMV property retains a relatively high probability of selection by an
indicator species after development. In such cases, wildlife may stray into developed landscapes. This problem
will not be resolved by delineating corridors on TSMV property because the propensity to stray into development
nodes will remain, and it may even increase if habitats with relatively high probability of selection within the
corridor are located directly adjacent to development on both sides of the corridor.
Simulated development of TSMV property reduced probability of selection of developed land substantially for
wolves and slightly for grizzly bears (Tables 12 and 13). For elk and cougars, on the other hand, habitat
suitability increased on TSMV property after simulated development (Tables 12 and 13). Elk may seek out
developed areas in the Bow Valley to reduce predation risk (Hebblewhite et al. 2005a), increasing probability of
selection in developed landscapes. Cougars may be sufficiently resilient to new development that they can
exploit ungulates that are associated with development by increasing use of areas near buildings and using
residual green spaces within developments (Knopff 2011). Similarly, although grizzly bears in the Bow Valley
avoid built-up areas, they prefer to be in close proximity to human development during summer, a pattern
presumably driven by a preference for forage resources found at lower elevations at that time of year. Natural
landscapes remaining within developments, therefore, may be attractive to grizzly bears. Substantial portions of
natural landscapes are retained under the simulated development scenario for TSMV. Reduced probability of
selection within TSMV by wolves after simulated development is primarily due to avoidance of built-up areas by
this indicator species. Wolves, therefore, are the indicator for which development of TSMV property has the
greatest impact in terms of its adverse affect on probability of selection and wolves are therefore least likely to
come into conflict with people once development proceeds.
Approval for development was given by the NRCB (1992) with full recognition of the potential risks to wildlife
posed by human-wildlife conflict. For example, the NRCB (1992) identified the potential for development of
Three Sisters property to create a population sink for grizzly bears if individuals continued to be attracted to
developed areas where they might come into conflict with people (NRCB 1992 pp. 10-42 and 10-43). The NRCB
(1992) considered this risk acceptable for development within the Bow Valley portion of Three Sisters
development (NRCB 1992 pp. 10-43). However, to mitigate risk to the extent possible, the NRCB (1922)
recommended aversive conditioning and indicated that the developer should also attempt to reduce habitat
suitability for bears within and near developed areas (e.g., garbage control, reduce plant species attractive to
wildlife). Similarly, the NRCB (1992) identified the potential for elk to become habituated, again recommending
aversive conditioning as part of the solution (NRCB 1992 pp. 10-39).
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Table 12: Wildlife Habitat Suitability within TSMV Property East of the Terminus of the Approved Along
the Valley Corridor
Habitat
Suitability

Grizzly Bear

Elk

%

ha

%

15.62

11%

0

Mod-High

107.57

73%

Moderate

24.67

17%

High

ha

Wolf

Cougar

ha

%

ha

%

0%

97.97

66%

68.97

47%

49.1

33%

49.89

34%

78.89

53%

98.76

67%

0

0%

0

0%

Mod-Low

0

0%

0

0%

0

0%

0

0%

Low

0

0%

0

0%

0

0%

0

0%

Table 13: Wildlife Habitat Suitability within TSMV Property East of the Terminus of the Approved Along
the Valley Corridor after Simulated Development of TSMV Property
Habitat
Suitability

Grizzly Bear

Wolf

Elk

Cougar

ha

%

ha

%

ha

%

ha

High

20.58

14%

0

0%

147.7

100%

72.26

Mod-High

98.02

66%

0.44

0%

0.15

0%

75.59

Moderate

27.78

19%

12.74

9%

0

0%

0

Mod-Low

1.5

1%

134.67

91%

0

0%

0

Low

0

0%

0

0%

0

0%

0

%

0%

The NRCB (1992) recognized that an effective program to mitigate wildlife-human conflict in the Bow Valley
would be broader than the plans developed for Three Sisters properties and would ultimately be a responsibility
of government agencies (Attachment 2). For example, the NRCB (1992) recommended that hunting be
maintained in the Bow Valley in order to reduce the potential for elk to become habituated to people (NRCB
1992 pp. 10-36,10-37 and 13-4). Hunting regulations are the purview of ESRD and cannot be implemented by
developers. Likewise, the NRCB (1992) recognized that “aversive conditioning could not be used without the
approval of Alberta Forestry, Lands and Wildlife and would require that Three Sisters prepare a plan for the
approval of that Department that would deal with aversive conditioning of bears” (NRCB 1992 pp. 10-44). Thus,
the only requirement of the developer with respect to human-wildlife conflict was to prepare the aversive
conditioning plan. The implementation of aversive conditioning, both on and off Three Sisters property fell to
Alberta Forestry, Lands and Wildlife, now ESRD (NRCB 1992 pp. 10-51). Properly implemented aversive
conditioning is an effective tool for altering habitat use patterns of animals including ungulates and large
carnivores, and reducing the amount of time these species spend near areas of high human use (Schirokauer
and Boyd, Kloppers et al. 2005, Honeyman 2008, Mazur 2010). Currently, no aversive conditioning is conducted
on cougars, wolves, or elk in the Canmore area (J. Jorgensen, ESRD, personal communication). Aversive
conditioning of grizzly bears is ongoing but intermittent. For instance, at least two of the collared bears used to
develop the summer grizzly bear RSF presented here (Bow Valley Bears 68 and 69) were not aversively
conditioned (J. Jorgensen, ESRD, personal communication), despite the fact that GPS data indicate these bears
spent substantial time in the vicinity of the town of Canmore and occurred within 50m of houses on a number of
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occasions. The developer, the Town of Canmore, and the Province may need to work together to provide
sufficient resources to ensure that consistent and appropriate aversive conditioning programs are applied.
To help ensure that wildlife use the proposed Wind Ridge Corridor and do not stray onto TSMV property,
developers should implement plans that go beyond government aversive conditioning programs. Previouslyapproved Wildlife-Human Interaction Prevention (WHIP) plans for TSMV property provide a template describing
the types of activities and programs that a future developer might be expected to implement (Jacques Whitford
Environment Limited 2004). WHIP plan components include:



construction management policies designed to minimize wildlife-human interactions during development,
including contractor education, waste control, and access restrictions;



facility design, including appropriate fencing, lighting and landscaping initiatives, to keep wildlife out of
developed areas and funnel wildlife into corridors;



trail system design;



attractant management;



homeowner and community education and outreach;



wildlife habitat management (e.g., measures to discourage wildlife use of developed areas); and



wildlife monitoring.

A plan intended to mitigate human-wildlife conflict also might include collaboration between TSMV and the
Alberta Government to create off-site habitat enhancements to attract animals to locations away from
development. Little research has been done on this aspect of corridor design, but data from the approved Along
Valley Corridor indicate that animals frequently are found near habitat enhancement sites that have been
created in the corridor (Garrow and Everett Environmental Services 2009). The NRCB discussed the potential
for TSMV to use forest clearing to encourage growth of forage species as a mitigation tool to enhance habitat
quality for elk outside of developable lands. The NRCB (1992) recommended such mitigation with the caveat
that vegetation management be addressed at a regional scale (NRCB 1992 pp. 10-38). Concerns identified by
the NRCB (1992) include placing enhancement sites too close to development, which might cause habituation
by wildlife, or alternatively result in wildlife failing to use the enhancement sites because developments are
avoided (NRCB 1992 pp. 10-35). An overabundance of enhancement sites could retard movement, moreover, if
the corridor begins to function as a habitat patch, which is another reason to keep enhancement sites a sufficient
distance from development. Off-site enhancements that provide forage for ungulates will also enhance habitat
for large carnivores (i.e., increased prey) and may provide increased berry production that would benefit bears
(NRCB 1992, Appendix B). Off-site habitat enhancements created for other phases of TSMV development have
seen extensive use by wildlife, especially bears (Garrow and Everett Environmental Services 2009).
By using all of these approaches to ensure that wildlife corridors remain more attractive than developed areas,
the number of human-wildlife conflicts on TSMV property after development will be reduced.
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1.5.2.2.2
1.5.2.2.2.1

Proposed Pigeon Mountain Corridor
Habitat Suitability

The proposed corridor is primarily composed of habitat of moderate suitability or better for each indicator species
(Table 14). Indeed, for cougars >50% of the proposed corridor is composed of highly selected habitats. Hence,
the Pigeon Mountain Corridor might function beyond what is expected of a wildlife corridor (BCEAG 1999a) and
could serve as an effective extension of the Wind Valley Habitat Patch for many species. Habitat suitability
within the proposed corridor is lowest for grizzly bears in summer, primarily because higher elevations on the
western shoulder of Pigeon Mountain consist of moderate-low or low habitat suitability at that time of year. The
western portion of the corridor, however, consists of moderate habitat suitability or better for grizzly bears and
moderate-high and highly selected habitats extending further east toward TSMV properties (Figures 11).
A band of broken cliffs extends about a third of the way across the eastern portion of the corridor on the northern
slope of Pigeon Mountain. However, moving the corridor further west was not possible without overlapping the
existing Banff Mountain Gate Resort and the road that leads to it from the Trans Canada Highway. Maintaining
a wider swath of land protected as a wildlife corridor was more desirable than shrinking the corridor to exclude
the cliffs. Moreover, the widths of impenetrable portions of rock along the cliff band are relatively narrow and can
be circumnavigated by wildlife. Consequently, despite the presence of these terrain features within the corridor
the ability of wildlife to move between the Wind Valley Habitat Patch and the Bow Valley Habitat Patch is
improved by formal protection of a wider corridor relative to a narrower one.
Given that habitat within the proposed Pigeon Mountain Corridor appears to be generally favourable for wildlife,
north-south movement between the Wind Valley Habitat Patch and the Bow Flats Habitat Patch is probably
impeded primarily by the Trans Canada Highway (Figure 4). The G8 Legacy Wildlife Underpass was
constructed in 2004 to increase the permeability of the Trans-Canada Highway, and recent studies suggest that
the underpass might be at least moderately successful (Alberta Tourism, Parks and Recreation 2010). Although
use was limited for some species, by 2009 the G8 underpass was being traversed by grizzly bears, black bears,
deer, elk, coyotes, and cougars (Alberta Tourism, Parks and Recreation 2010). Up to 10 years post-construction
can be required before wildlife begin to use a highway crossing structure frequently (Clevenger et al. 2009), and
the G8 underpass is likely to become even more effective in the future.
Simulated development of TSMV property had little effect on habitat suitability within the proposed Pigeon
Mountain Wildlife Corridor (compare Tables 14 and 15, see also Figures 19 to 22). Provided the G8 underpass
continues to function as a viable wildlife crossing under the Trans-Canada Highway, the proposed Pigeon
Mountain Wildlife Corridor should provide an effective link between the Wind Valley Habitat Patch and the Bow
Flats Habitat Patch.

1.5.2.2.2.2

Human-Wildlife Conflict

The Pigeon Mountain Corridor contains few development features, reducing the potential for human-wildlife
conflict. However the Banff Mountain Gate Resort and the road leading to it abut the western edge of the
corridor and conflict is possible if wildlife access these areas. Because the Pigeon Mountain Corridor is not
directly associated with TSMV development, the NRCB (1992) requirement for TSMV to participate in developing
an aversive conditioning plan does not apply.
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Table 14: Wildlife Habitat Suitability within the Proposed Pigeon Mountain Corridor
Habitat
Suitability

Grizzly Bear

Wolf

Elk

Cougar

ha

%

ha

%

ha

%

ha

%

High

17.97

10%

0

0%

79.05

43%

103.17

56%

Mod-High

27.84

15%

77.35

42%

67.92

37%

78.69

43%

Moderate

43.29

23%

96.56

52%

34.22

19%

2.41

1%

Mod-Low

67.24

36%

10.35

6%

3.07

2%

0

0%

Low

27.95

15%

0

0%

0

0%

0

0%

Table 15: Wildlife Habitat Suitability within the Proposed Pigeon Mountain Corridor after Simulated
Development of TSMV Property
Habitat
Suitability

Grizzly Bear

Wolf

ha

%

High

17.9

10%

Mod-High

27.58

15%

73.68

Moderate

43.23

23%

100.24

Mod-Low

67.43

37%

10.35

Low

28.13

15%

1.5.2.2.3
1.5.2.2.3.1

ha
0

0

Elk
%

Cougar

ha

%

ha

%

0%

78.55

43%

99.08

54%

40%

68.42

37%

82.78

45%

54%

34.22

19%

2.41

1%

6%

3.07

2%

0

0%

0%

0

0%

0

0%

Supporting Information
Site-specific Telemetry Data

Site-specific telemetry data were evaluated to determine precisely how collared animals make use of the two
proposed corridors and the east end of TSMV beyond the terminus of the approved Along Valley Corridor. Data
were evaluated for each indicator species in the season during which that species is most restricted to the valley
bottom and development of TSMV is likely to have the largest effect on that species’ movement. For grizzly
bears, which are active primarily during snow-free months but spend more time at the valley bottom during
summer (16 June – 10 August) due to forage considerations, data from spring and fall also were considered
(separately from summer) to further evaluate the potential for bears to move through proposed corridors.
During summer, collared grizzly bears used TSMV property east of the terminus of the approved Along Valley
Corridor less frequently (0.013 points/ha) compared to their use of the proposed Wind Ridge (0.023 points/ha)
and Pigeon Mountain (0.092 points/ha) Corridors (Figure 23). When grizzly bears used the proposed Wind
Ridge Corridor during summer, most telemetry locations were concentrated within the band of moderate to high
quality habitat approximately one third of the way upslope from TSMV property (Figure 23). Grizzly bear
locations during spring and fall also indicate extensive use of this portion of the proposed corridor and extensive
use of habitats even further upslope, pointing to the ease with which grizzly bears are able to move over Wind
Ridge during snow-free months. Even during summer, grizzly bear locations occur in places that require them to
move through moderate-low and low quality habitats on Wind Ridge and elsewhere in the South Canmore
Region (Figure 23). If grizzly bears continue to use traditional movement routes on the higher portions of Wind
Ridge and maintain lower use of TSMV property after TSMV is developed, it will help to reduce the potential for
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human-wildlife conflict discussed in Section 5.2.2.2, especially if aversive conditioning also is consistently
applied in developed areas. Overall, the conclusions about proposed corridor efficacy for grizzly bears drawn
from site-specific telemetry data strongly support the conclusions arrived at when evaluating corridor efficacy
using RSF models developed at the Bow Valley scale (Section 5.1.1.2.2).
Radiocollared wolves rarely used the South Canmore Region during winter, spending most of their time on the
south-facing slopes on the north side of the Bow Valley. No locations were recorded either within the proposed
Wind Ridge Corridor or within undeveloped TSMV property east of the terminus of the approved Along Valley
Corridor. However, one location was identified in the Pigeon Mountain Corridor (Figure 24). Despite potentially
infrequent use of the South Canmore Region by wolves during winter, wolves have been recorded travelling
through both TSMV property (Regional Wildlife Corridor Study 2002) and the proposed Wind Ridge Corridor
(Leeson and Kamenka, unpublished data). Consequently, retaining corridors capable of maintaining wolf
movements in the Bow Valley south of the Bow River remains an important objective. Although site-specific
telemetry data are lacking, habitat modeling and ground tracking data both confirm the potential efficacy of the
proposed Wind Ridge and Pigeon Mountain Corridors for ensuring wolf movement among habitat patches are
not blocked by development of TSMV property. For example, tracking data indicate that wolves frequently use
moderate suitability habitat for travel in the Bow Valley south of the Bow River (Regional Wildlife Corridor Study
2002).
Radiocollared elk, like wolves, did not use the proposed Wind Ridge Corridor or the undeveloped TSMV property
east of the terminus of the Along Valley Corridor (Figure 25). Nor did they use the Pigeon Mountain Corridor.
Also like wolves, elk have been recorded traveling through both the proposed Wind Ridge Corridor and
undeveloped TSMV property (Regional Wildlife Corridor Study 2002, Leeson and Kamenka, unpublished data).
Although site specific telemetry data are unable to provide additional detail about elk movement, predictive
habitat mapping suggests that elk will prefer to move through the developed landscape after development takes
place. Aversive conditioning may cause elk to change this behavioural pattern, in which case plenty of habitat of
sufficient quality remains for elk to move through the northern portion of the proposed Wind Ridge Corridor
during winter (Figure 25).
GPS collared cougars used TSMV property east of the terminus of the approved Along Valley Corridor
(0.11 points/ha) and both the proposed Wind Ridge (0.04 points/ha) and Pigeon Mountain (0.77 points/ha)
Corridors during winter (Figure 26). Extensive use of the Wind Ridge (both within the proposed corridor and on
the east facing slopes of Wind Ridge inside the Wind Valley Habitat Patch) by GPS collared cougars during
winter is inconsistent with the findings of the Regional Wildlife Study (2002), which shows essentially no use of
Wind Ridge by cougars, emphasizing the potential low-elevation bias of that study. Collar data that clearly
demonstrate the ability of cougars to use Wind Ridge, is consistent with the ground tracking results provided by
Leeson and Kamenka, and confirms the presence of existing movement routes for this indicator species within
both proposed corridors during winter. Telemetry data also show cougar locations distributed fairly evenly
throughout the proposed Wind Ridge Corridor, which is consistent with the broad availability of moderate and
moderate-high habitat for cougars in the corridor.
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1.5.2.2.3.2

Wildlife Monitoring

Three Sisters Golf Resorts conducted wildlife field work in support of their environmental impact assessment
(UMA Engineering 1991). Relative to this study, winter wildlife track transects targeting ungulates and
carnivores (e.g., moose, elk, deer, bighorn sheep, wolves, coyotes, Canada lynx and cougar), and browse and
pellet surveys (e.g., moose, elk, deer, bighorn sheep) were conducted.
TSMV has contracted several field programs in the past. Wildlife & Company conducted winter wildlife survey
work in 1994-95 and 1995-96 (Wildlife & Company 1998a, b) and the Three Sisters Golf Resorts Inc. conducted
similar surveys in the winter of 1996-97 (Three Sisters Resort Inc. 1997). The Three Sisters Resorts
Environmental Department conducted wildlife track pad monitoring in the Peaks of Grassi portion of the Three
Sisters Resorts Primary Wildlife Corridor in summer 1998 (Three Sisters Resorts Environmental Department
1999). Wildlife & Company conducted transect-based winter wildlife tracking, winter back tracking, spring pellet
group counts and summer track pad surveys for two years between 1998 and 2000 (Regional Corridor Study
2002, Volume I). ESRD developed a final report based on this field work (Regional Corridor Study 2002,
Volume II). Jacques Whitford Ltd. was contracted by TSMV to conduct wildlife monitoring on their lands
between 2000 and 2005 (Jacques Whitford 2005). This monitoring included summer track pad surveys, spring
and fall pellet group counts, winter wildlife track counts and winter backtracking.
Alberta Tourism, Parks, and Recreation (2010) has conducted winter wildlife track transects and winter
backtracking in the Bow Valley from the Stewart Creek Underpass east to Bow Valley Provincial Park for five
years between 2004 and 2009.
Radio telemetry studies conducted in the Central Rockies ecosystem have provided detailed data on the
movements of wolves, grizzly bears, cougars and elk in the Bow Valley in general and in some cases specifically
on the lands discussed in this report (e.g., Hornbeck 2003, Paquet 1993, Callaghan 2002, Herrero et al. 2005,
Chetkiewicz and Boyce 2009).
Wildlife monitoring of underpasses also have been conducted. The Stewart Creek Underpass was constructed
in 1999 and has been monitored since then (e.g., Clevenger et al. 2002). The G8 Legacy Underpass also has
been monitored using either track pads or remote cameras since it was constructed in 2004.
Garrow and Everett Environmental Services began a wildlife monitoring program for TSMV in May 2009
(Garrow and Everett 2009). The program included a remote camera monitoring program in the spring, summer
and fall months, a transect-based winter wildlife tracking program, and spring pellet surveys.

1.5.2.2.3.3

Assessment of Wildlife Trails

The on-the-ground assessment of wildlife trail networks on Wind Ridge was conducted between May 2008 and
May 2010 by Dr. B. Leeson and Mr. P. Kamenka, who had been engaged by TSMV and later by the Receiver.
They spent 810 hours over 168 days during all seasons hiking wildlife trails looking for wildlife sign and
backtracking wildlife on and near Wind Ridge. A total of 1,247 km of surveys were completed. More than
2,000 GPS waypoints designating observed sign of large carnivores and ungulates in the Wind Ridge area were
recorded. More than 5,000 pictures, mostly associated with these wildlife waypoints, have been taken and
stored digitally. The results of the surveys indicated that wildlife regularly and frequently used Wind Ridge for
movement, especially along major game trails that facilitated easy travel across steeper sections. The wildlife
trail network on Wind Ridge is extensive and some major arteries extend directly from the Wind Valley Habitat
Patch to the approved Along Valley Corridor, facilitating movement through the proposed Wind Ridge Corridor
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(Figure 27). Frequent observations of grizzly bear, wolf, elk and cougar tracks, scats, and other sign in the
proposed Wind Ridge Corridor support the RSF modelling results. Most importantly, these observations
reinforce the fact that existing wildlife movement routes are present on Wind Ridge, meeting one of the key
recommendations of NRCB (1992) with respect to corridor placement. Observations of deer, black bear, coyote,
moose and bighorn sheep sign also were recorded, indicating that the Wind Ridge Corridor is utilized by the full
suite of large mammals in the Bow Valley, not only those for which habitat suitability models were developed.
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1.6

Monitoring

Wildlife monitoring has occurred in the Bow Valley for many years and continues to this day.

1.6.1

Current Monitoring

Chinook Co. (formerly Garrow and Everett Environmental Services) are continuing to monitor TSMV and
adjacent lands using winter wildlife track transects, winter back tracking, remote camera surveys and spring
pellet counts, employing essentially the same protocols that were used in 2009-2010 (see Garrow and
Everett 2009). Changes to protocols include extending transects used for winter wildlife tracking up slope of the
Three Sisters property boundary as far as safely possible. In addition, the remote camera program has been
extended to all four seasons to provide comparable data throughout the year. In 2010 Chinook Co. initiated a
new camera program at the east end of TSMV properties and Crown lands using the same protocol as set out in
their 2009 program to better document the use of the Wind Ridge area by wide ranging wildlife.
The Province continued to conduct GPS radio telemetry monitoring of elk and grizzly bears in 2010 and remote
camera monitoring of the two underpasses on the Trans Canada Highway is ongoing.

1.6.2

Future Monitoring

The methods employed and the geographic extent of wildlife monitoring currently being conducted are sufficient
to continue to evaluate the effectiveness of the proposed Wind Ridge Corridor and should be continued. The
proposed Pigeon Mountain Wildlife Corridor also should be monitored using the same surveys and protocols to
continue to evaluate its effectiveness. In addition, radio telemetry studies of wide-ranging species such as
grizzly bears and wolves in the Bow Valley provide detailed data on wildlife movement and habitat use that
cannot be collected in any other manner and should be conducted at regular intervals by appropriate agencies.
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2.0

SITE 9

Golder’s evaluation of the proposed Wind Ridge Corridor demonstrated that wildlife can and do use Wind Ridge
for movement. Available evidence, including GPS location data, camera trap data, survey data and habitat
models, indicated that the proposed Wind Ridge Corridor would provide an effective link between the terminus of
the approved Along Valley Corridor and the Wind Valley Habitat Patch. Golder concluded that development of
Site 9 (shown in Figure 28) would not prevent wildlife movement, but that Site 9 consists of habitat with a
relatively high value for wildlife (Table 16; see also Section 1.0 - Figures 11, 14, 16, 18).
Table 16: Predicted Wildlife Habitat Suitability in Site 9
Habitat
Suitability

Grizzly Bear

Wolf
%

ha

Cougar

ha

%

15.62

11%

0

0%

97.97

66%

68.97

47%

Mod-High

107.57

73%

49.1

33%

49.89

34%

78.89

53%

Moderate

24.67

17%

98.76

67%

0

0%

0

0%

High

ha

Elk
%

ha

%

Mod-Low

0

0%

0

0%

0

0%

0

0%

Low

0

0%

0

0%

0

0%

0

0%

Development of Site 9 has been a longstanding issue, especially for local environmental organizations. This has
been primarily due to matters concerning corridor alignment. However, Golder’s review of the position of wildlife
advocacy groups in the Bow Valley indicated that a primary driver of the efforts of advocacy groups is to
maximize effective habitat (i.e., preserving habitat patches) in places where development is currently planned
but where wildlife habitat value is high. Development of Site 9 will make maintaining wildlife habitat challenging,
even if low density development is implemented. Some species (e.g., elk) may do very well under a low-density
scenario, but others (e.g., grizzly bears) will suffer increased risk of human-wildlife conflict if development occurs
and habitat values near development remain high. Because Site 9 is not required for a wildlife movement
corridor, the best option to maintain habitat values for a full range of wildlife species would be to protect part or
all of these lands as a wildlife habitat patch.
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3.0

ADDITIONAL MATTERS

During the review process, ESRD identified additional matters pertaining to corridors and wildlife habitat that
they would like addressed. As a result of discussions with ESRD about these matters, PwC requested that
Golder complete the following tasks:
1)

Evaluate a Stewart Creek Corridor realignment concept that centers the Stewart Creek Underpass in the
corridor, determine whether this is likely to improve connectivity for wildlife, and identify any TSMV land that
could be given up if the new concept were applied;

2)

In collaboration with ESRD staff, use the models described in Section 1.0 to identify whether habitat
improvement can increase efficacy of the approved Along Valley Corridor; and

3)

Evaluate an area of land immediately north of the terminus of the approved Along Valley Corridor (part of
TSMV Site 7) that has been identified by ESRD as important for wildlife movement through the Along Valley
Corridor.

3.1

Stewart Creek Corridor Realignment

The current location of the Stewart Creek Underpass occurs at the extreme eastern edge of the approved
Stewart Creek Corridor (Figure 29). ESRD requested that the Stewart Creek Underpass be centered on the
corridor to provide an adequate buffer of protected land on either side of the underpass (Figure 29). The
landscape around the Stewart Creek Corridor was evaluated using the same RSF models and principles of
corridor design applied to evaluate the Wind Ridge and Pigeon Mountain corridors proposed to complete the
wildlife corridor network at the east end of TSMV property.
The realignment has several advantages for wildlife. First, the realignment places the Stewart Creek Underpass
in the center of the corridor, providing a buffer of protection (i.e., no development and the ability to regulate
human use) on either side of the underpass. The width of the realigned corridor is maintained at 350 m at its
narrowest and increases at the north end from 356 m to 368 m. The realignment of the Stewart Creek Corridor
results in a loss of corridor land on the west side of the underpass and a gain on the east side (Figure 29), with a
net gain of 0.4 ha (1 acre) of corridor land. The realignment maintains a straight corridor without creating doglegs or cul-de-sacs. Habitat suitability improves for grizzly bears as a result of the realignment; moderate-high
suitability habitat is replaced by high-suitability habitat. Habitat suitability remains similar for wolves, elk and
cougars (Table 17).
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Table 17: Predicted Wildlife Habitat Suitability Changes Resulting from the Stewart Creek Corridor
Realignment
Grizzly Bear

Wolf

Elk

Cougar

net change (ha)

net change (ha)

net change (ha)

net change (ha)

Habitat Suitability
High

+2.12

0.00

+0.40

-0.02

Mod-High

-1.71

0.00

0.00

+0.35

Moderate

-0.01

+0.40

0.00

+0.07

Mod-Low

0.00

0.00

0.00

0.00

Low

0.00

0.00

0.00

0.00

Overall, available information indicates that the proposed changes will improve design and efficacy of the Stewart
Creek Corridor. In order to achieve the proposed realignment, TSMV will have to provide an additional 0.67 ha
(1.65 ac) of land under a conservation easement or similar form of protection as corridor land (Figure 29).

3.2

Habitat Enhancement in the Approved (1998) Along Valley Corridor

Habitat enhancements have been identified above as one way to improve the efficacy of wildlife corridors. The
NRCB recommended such mitigation with the caveat that vegetation management be addressed at a regional
scale (NRCB 1992 pp. 10-38). Concerns identified by the NRCB include placing enhancement sites too close to
development, which might cause habituation by wildlife and human-wildlife conflict, or wildlife failing to use the
enhancement sites because developments are avoided (NRCB 1992 pp. 10-35). An overabundance of
enhancement sites could also retard movement and encourage residency if the corridor begins to function as a
habitat patch (see Section 1.5.2.2.1.2), which is another reason to carefully consider the distance of
enhancement sites from development.
Enhancements that reduce forest cover can provide increased forage for ungulates, enhance habitat for large
carnivores (i.e., increased prey) and provide increased berry production that would benefit bears (NRCB 1992).
Enhancements have previously been created in the approved 1998 Along Valley Corridor during early phases of
TSMV development and remote camera studies conducted by Chinook Co. for PwC (unpublished data) indicate
that these areas are used extensively by wildlife, especially bears.
ESRD enquired about the potential for enhancement sites to be created by deforesting small areas within the
eastern arm of the approved Along Valley Corridor and a set of potential enhancement sites that ESRD could
create was identified (Figure 30). At PwC’s request, Golder collaborated with ESRD to evaluate the potential
effects of these enhancement sites.
Simulation modelling was conducted using the RSF models for grizzly bears, wolves, elk and cougars presented
in Section 1.0. The simulation included creating 10 enhancement sites (Figure 30) totalling approximately 6 ha
(14.8 ac). Potential enhancement site locations were identified in GIS using a DEM, vegetation layers and high
resolution satellite imagery. Access to the potential enhancement site for the field crews and equipment required
to create the enhancement site was also considered. Enhancement site construction would consist of removing
the forest canopy in each enhancement plot and planting natural herbaceous vegetation (i.e., grasses and
forbs). Bear foods, including buffalo berry shrubs (Shepherdia canadensis) may be planted in the enhancement
sites furthest from development, but detailed planting prescriptions were not considered in the models.
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For modelling purposes, the addition of enhancement sites meant “stamping” each plot into the vegetation layer
and classifying the habitat as herbaceous. All habitat layers included in the wildlife models were then updated to
reflect changes caused by the simulated presence of enhancement sites. For the grizzly bear model, a
conservative greenness score of 6 was assigned to each enhancement site. Greenness scores in the study area
ranged from -93.38 to 53.58 and scores on herbaceous sites on similar slopes and aspects were generally
between 6 and 20. Using a greenness score of 6 may underestimate the actual probability of selection for
grizzly bears.
Results of the modelling exercise indicate that the enhancement sites improve habitat suitability for grizzly bears,
wolves, elk, and cougars (Table 18; Figures 31-34).
Table 18: Predicted Wildlife Habitat Suitability Changes in the Eastern Arm of the Approved Along Valley
Corridor due to Habitat Enhancement
Grizzly Bear
Habitat
Suitability
High

Before
(ha)

Wolf

After (ha)

Before
(ha)

Elk

After (ha)

Cougar

Before
(ha)

After (ha)

Before
(ha)

After (ha)

9.695

33.254

0.000

0.000

0.019

12.567

0.000

0.000

Mod-High

21.194

15.582

9.157

37.666

59.056

47.179

14.830

50.608

Moderate

21.797

8.482

51.273

22.765

1.355

0.683

45.600

9.822

Mod-Low

7.745

3.112

0.000

0.000

0.000

0.000

0.000

0.000

Low

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Using deforestation as a habitat improvement technique in the approved Along Valley Corridor will increase
probability of selection for many wildlife species, including all of the large mammal species for which Golder
conducted habitat suitability modelling. Golder continues to recommend this approach with the caution that high
quality habitat directly adjacent to development be monitored to ensure habitat enhancements do no increase
human-wildlife conflict.

3.3

Site 7

ESRD has identified an area of land in Site 7 that they believe is important for wildlife movement and would like
to see it protected as an extension to the approved Along Valley Corridor (Figure 35). This area consists
primarily of public land, but also includes 3.67 ha (9.06 ac) of TSMV property near Miner’s Meadow in Site 7
(Figure 35).
The proposed Wind Ridge and Pigeon Mountain Corridors are predicted to maintain wildlife movement among
habitat patches at the east end of TSMV property (Section 1.0). The proposed Wind Ridge Corridor would
create a wildlife corridor on the public land portion of the area in question, delineated in Figure 35, which
represents 61% of the area. If the Wind Ridge Corridor was designated by the Province, the 3.67 ha occurring
on TSMV property would not be required to preserve wildlife movement among habitat patches in the vicinity of
TSMV property.
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Habitat values of the 3.67 ha of TSMV land are high for cougars and wolves, and especially high value for elk
and grizzly bears (Table 19). Protecting these lands as an extension to the existing corridor may incrementally
improve the efficacy of the Along Valley Corridor. This is particularly true if Site 9 is designated as a habitat
patch because the proposed corridor extension reduces the amount of edge that occurs at 90 degrees to any
wildlife movement from Site 9 into the approved Along Valley Corridor (Figure 35). However, because of the
high habitat values of the area in question, it may function more as an extension of the Site 9 habitat patch than
as a corridor. Wildlife residency so close to development should be discouraged, especially in the case of grizzly
bears, and bears should be encouraged to move into portions of the existing Along Valley and proposed Wind
Ridge Corridors that occur further from development, potentially using habitat enhancements.
Table 19: Predicted Wildlife Habitat Suitability in the 3.67 ha Portion of the Area in Question in Site 7
Habitat
Suitability

Grizzly Bear

Wolf

ha

%

ha

High

3.67

100

Mod-High

0.00

0

Moderate

0.00

Mod-Low

0.00

Low

0.00
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0.00

0
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0.00

0

2.49

68

0.02

1
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100

0

1.18

32

0.00

0

0.00

0

0
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0

0.00

0
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0

0
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4.0

CONCLUSIONS

In December 2009, ESRD advised PwC that Condition 14 of the NRCB Decision required TSMV (hence, the
Receiver) to propose the location of a wildlife corridor. Specifically, Clause 14 of Appendix C in the 1992 NRCB
Decision states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors in
as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
In addition ESRD requested that the corridor proposal use the best available science, recognize the current
corridor literature and consider the concerns raised by environmental groups.
In early 2010, PwC contracted Golder Associates Ltd. (Golder) as an objective third party to review relevant
scientific literature pertaining to corridors, use the best available science and apply empirical data on wildlife
habitat use to delineate a potential wildlife corridor. PWC posed the following question to Golder:
Would a corridor have to be placed on TSMV property or could an effective wildlife corridor
be located on land outside the TSMV property to provide connectivity between designated
wildlife habitat patches?
Based on direction from PwC and ESRD, Golder evaluated potential wildlife corridors linking the approved Along
Valley Corridor on the south side of the Bow Valley to the Wind Valley Habitat Patch and the Bow Flats Habitat
Patches via the G8 Legacy Underpass. An important focus of this study was to determine whether or not
corridors capable of ensuring wildlife movement among habitat patches can take advantage of the shortest
routes between existing corridors and habitat patches. RSF-based habitat suitability models for grizzly bears,
wolves, elk, and cougars combined with known movement routes described by telemetry, tracking and remote
camera studies indicate that habitat lost to development of TSMV property will not prevent or substantially
restrict the ability of wildlife to move from the Wind Valley to other habitat patches in the Bow Valley.
Golder proposed the delineation of two distinct corridors:



The proposed Wind Ridge Corridor is 354 hectares (874 acres) in size, is >2.5 km wide, and links the
Along Valley Corridor to the Wind Valley Habitat Patch on the south side of the currently undeveloped
TSMV property via Wind Ridge. Borders of the proposed Wind Ridge Wildlife Corridor were set such that
they abutted TSMV property to the north, the Wind Valley Habitat Patch to the southeast, and the approved
Along Valley Corridor to the west. To the southwest, the border of the corridor was designed to provide a
straight-line connection between the upper limit of the approved Along Valley Corridor and the Wind Valley
Habitat Patch.



The proposed Pigeon Mountain Corridor encompasses 184 hectares (454 acres), is >1.3 km wide, and
links the Wind Valley Habitat Patch to the Bow Flats Habitat Patch. The proposed corridor is positioned on
the east side of the road running south from the Trans Canada Highway and leading to the Banff Mountain
Gate Resort (formerly, the Alpine Resort Haven). Borders of the proposed Pigeon Mountain Corridor were
drawn so that they abutted the Trans Canada Highway to the north and the Wind Valley Habitat Patch to
the south, and avoided overlapping built-up areas and roads associated with the existing Banff Mountain
Gate Resort developments (i.e., conforming to the NRCB requirement that corridors remain in as
undeveloped a state as possible). To the east, the border of the corridor was designed to accommodate a
wide corridor on the shoulder of Pigeon Mountain. Habitat patches provide for the day-to-day requirements
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of wildlife, while corridors facilitate movement among habitat patches, but do not necessarily meet any
additional requirements for wildlife.
The RSF modelling exercise demonstrates that relatively high quality habitat will be lost for some species as a
result of developing TSMV. However, based on the RSF models, the proposed Wind Ridge Corridor contains
habitat of sufficiently high relative probability of selection to permit wildlife movement between the approved
1998 Along Valley Corridor and the Wind Valley Habitat Patch. Site-specific telemetry data obtained from
wildlife in this portion of the Bow Valley and extensive field work conducted in the proposed Wind Ridge Corridor
supports this conclusion. Similarly, the proposed Pigeon Mountain Corridor should ensure that wildlife are able
to move freely between the Wind Valley Habitat Patch and the G8 Legacy Underpass, which provides a link to
the Bow Flats Habitat Patch. As directed by ESRD in December 2009, the proposed Wind Valley and Pigeon
Mountain corridors satisfy Clause 14 of Appendix C in the 1992 NRCB Decision. If approved by ESRD, the
proposed corridors would complete the corridor network in the Bow Valley.
The delineation of the Wind Valley and Pigeon Mountain corridors, as with other approved wildlife corridors and
habitat patches in Canmore, requires appropriate measures to reduce human-wildlife conflict. Wildlife frequently
disregard corridor boundaries and the greatest potential threats to wildlife populations associated with new
development in the Bow Valley are human-wildlife conflict and ensuing actions taken against wildlife
(i.e., relocation or lethal control). This is especially true for large carnivores. Grizzly bears, for instance, are
sometimes found outside of designated corridors and wildlife patches, creating a greater potential for conflict
with people, sometimes with deleterious results for both the person and the bear involved (Chetkiewicz et al.
2006). Conflicts can occur even in places that are generally avoided by bears, such as golf courses. Conflict
can also occur where people leave built-up areas and encounter bears in habitat patches and wildlife corridors.
Thus, even though the proposed Wind Ridge and Pigeon Mountain Corridors should prove effective for
facilitating wildlife movement, some of the benefits of corridors for wildlife populations may not be realized due to
increased mortality risk associated with human-wildlife encounters.
The fact that wildlife populations may be at risk precisely because they make use of developed habitats
underscores recent suggestions within the conservation community that a myopic focus on corridors and habitat
patches as the only means to conserve wildlife populations may prove less effective than learning to manage
wildlife across the broader landscape, including both protected areas and the intervening human-dominated
matrix (Boitani et al. 2007). Aversive conditioning programs such as those required by the NRCB (1992) should
reduce the potential for human-wildlife conflict when TSMV property is eventually developed, as will eliminating
potential attractants for wildlife (e.g., high-quality food sources) within and adjacent to developed landscapes. In
addition, wildlife habitat enhancements undertaken within proposed and existing wildlife movement corridors
might improve connectivity among habitat patches for wildlife in the Bow Valley. Careful consideration of the
amount and type of human use occurring inside wildlife corridors and habitat patches is also required (BCEAG
1999b).
In its 1992 decision, the NRCB was keenly aware that human development had the potential to disrupt wildlife
populations and ecosystem function and stipulated in its approval that wildlife corridors must be maintained
around or through development property to facilitate wildlife movement. However, the NRCB decision also
clearly indicates that development ought to proceed provided connectivity among habitat patches for wildlife in
the Bow Valley is maintained. The proposed Wind Ridge Corridor should effectively maintain wildlife movement
from the approved Along Valley Corridor to the Wind Valley Habitat Patch. Similarly, the proposed Pigeon
Mountain Corridor should effectively connect the Wind Valley Habitat Patch and the G8 Legacy Underpass,
which provides a link to the Bow Flats Habitat Patch. These corridors are consistent with the definition of
corridor function proposed by the BCEAG (1999a) and were assessed based on the best available empirical
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data and a rigorous scientific approach. Both proposed corridors are sufficiently large to function as “all in”
corridors and therefore do not require additional setbacks or buffering. Consequently, the proposed Wind Ridge
Corridor and Pigeon Mountain Corridor satisfy the requirement of the 1992 NRCB decision that wildlife
connectivity in the Bow Valley be maintained.
In response to additional matters raised by ESRD, and based on available data and RSF modelling, Golder
concludes the following:



Because Site 9 has a high habitat value, and is not required for a wildlife movement corridor, the best
option is to protect it as a wildlife habitat patch.



The Stewart Creek corridor can be centred on the Stewart Creek Underpass as per ESRD’s request,
resulting in improvements to the design and efficacy of the corridor.



Deforested habitat enhancement sites within the eastern arm of the approved Along Valley Corridor will
increase the probability of selection for many wildlife species, including the large mammal species for which
Golder conducted habitat suitability modelling.



Protecting that portion of Site 7 that ESRD deemed important for wildlife movement as an extension of the
approved Along Valley Corridor may improve the efficacy of the corridor, especially if Site 9 is also
designated a habitat patch, as long as care is taken to discourage wildlife residency.

We trust that the information contained above meets your current needs. If additional information is required,
please contact the undersigned.

GOLDER ASSOCIATES LTD.

Kyle Knopff, Ph.D.
Wildlife Biologist

Martin Jalkotzy, M.E.Des., P.Biol.
Principal, Senior Wildlife Ecologist

Brock Simons, M.Sc.
Wildlife Analyst
KK/MGJ/js

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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WHAT IS AN “EFFECTIVE” WILDLIFE CORRIDOR IN THE CONTEXT OF THREE SISTERS MOUNTAIN
VILLAGE DEVELOPMENT PROPERTIES IN THE BOW VALLEY?

BACKGROUND
Three Sisters Mountain Village ULC (TSMV) was placed in court-ordered receivership in March 2009 with
PricewaterhouseCoopers Inc. (PwC) appointed the receiver and receiver manager of TSMV. PwC extensively
reviewed the TSMV file and determined that the development footprint of TSMV property must be finalized,
which meant that wildlife corridors must be formally designated as indicated in the November 1992 Alberta
Natural Resources Conservation Board Decision Report (NRCB) regarding Application #9103 “Application to
Construct a Recreational and Tourism Project in the Town of Canmore, Alberta”. During initial discussions with
Alberta Sustainable Resources Development (ASRD) about potential location of corridors, it became apparent
that an unambiguous understanding of what the NRCB said about wildlife corridors was required to provide a
foundation for discussing corridor options.
Appendix C of the 1992 NRCB decision provides the context and conditions of the approval for developing
TSMV property in the Bow Valley. Clause 14 specifically refers to wildlife movement corridors and it states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors
in as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
Thus, the primary requirement for development is that corridors be established and that those corridors be
maintained in as undeveloped a state as possible. No direction is given in Appendix C regarding any other
aspects of corridor design. However, additional information is available from the body text of the NRCB
decision. The NRCB makes clear that corridor designation should occur at a regional scale and that corridors on
private and provincial lands be linked (NRCB 1992 pp. 10-38). The NRCB also makes the following references
with respect to wildlife corridors:
1. wildlife corridors should be legally designated by the Province (NRCB 1992 pp. 10-38);
2. primary wildlife corridors should not be narrower than 350m, except under unusual circumstances
(NRCB 1992 pp. 10-38);
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3. width and location of corridors should be reviewed with the full range of wildlife species expected to use
them in mind (NRCB 1992 pp. 10-38);
4. roads, pathways and utility lines should be bundled (i.e., cross corridors in the same place) to minimize
corridor fragmentation (NRCB 1992 pp. 10-38); and
5. corridors should correspond with known movement routes of animals (NRCB 1992 pp. 10-38).

EFFECTIVE CORRIDORS
The words “effective” and “functional” are often used in the context of wildlife movement corridors, but can have
a variety of meanings depending on the context in which they are applied. Confusion over what these words can
thwart attempts to achieve consensus regarding wildlife corridors, specifically in terms of what they should look
like and where they might be placed. Consequently, the definition of an effective corridor is required before
progress on corridor planning is possible.
With respect to corridors that might affect the development of TSMV properties in the Bow Valley, the definition
of an effective corridor must be derived in the context of the NRCB decision. However, neither the word effective
nor are any equivalent synonyms (e.g., functional) are found in the context of corridors in the NRCB decision.
The only statement that appears to relate to the efficacy of corridors is the following: “favouring areas unsuitable
for development which may or may not be used by elk is not likely to result in successful mitigation” (NRCB 1992
pp. 10-38). This sentence is somewhat confusing as written because of the words, “may or may not”. It seems
that the intent of the NRCB was to ensure that habitats NOT used by wildlife were not designated as corridors.
Thus, although the word is not used directly, the NRCB clearly intended that wildlife corridors be “effective”, in
that they would be used by wildlife for movement. This idea that corridors must see use by wildlife to be
effective is a good start, but for discussions on corridor placement to move forward additional information on
what constitutes an effective corridor in light of the NRCB decision and in the context of the Bow Valley is
required.

Purpose of Wildlife Movement Corridors in the Bow Valley
When evaluating movement corridors, the amount of expected use by wildlife for the corridor to be “effective”
varies depending on the intended purpose of the corridor. For instance, corridors might be designed in a metapopulation framework, such that they permit animals to disperse from their natal area and travel to new habitat
patches once in a lifetime, reducing extinction risk in fragmented landscapes (Beier 1995). Corridors also can be
designed to maintain the genetic diversity of wildlife. In such cases, corridors need only be used infrequently,
perhaps only a handful of times in a generation (Mills and Allendorf 1996). Although these population-level
corridor functions clearly are important in the Bow Valley, the primary motivation for wildlife corridors in the
Canmore area is to ensure connectivity at a local spatial scale over short periods of time, such that individual
animals that cannot meet all of their requirements inside a single habitat patch are able to use the corridors
many times over the course of a year to incorporate multiple habitat patches into their home ranges (BCEAG
1999). Thus, a definition of an “effective” corridor that fits this application for corridors in the Bow Valley is
necessary.
The Bow Corridor Ecosystem Advisory Group (BCEAG) presents a practical definition of corridors in this regard.
In contrast to a wildlife habitat patch, which is defined as a place that meets a wide spectrum of habitat
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requirements for wildlife, a wildlife corridor is “an area of land designed to provide connectivity among habitat
patches” (BCEAG 1999 pp.5). As such, “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” (BCEAG 1999 pp. 5). In other words, habitat quality within corridors need not be high, so long as wildlife
are willing to use the corridor to travel between habitat patches. This definition is consistent with the 1992 NRCB
decision, which makes clear that the primary purpose of corridors is to ensure that development will not prevent
animals from getting between habitat patches within the Bow Valley or at broader regional scales.

Habitat Quality and Corridors
The NRCB makes no mention of the habitat quality that should be incorporated into corridors, except that
corridors should remain in as undeveloped a state as possible. Hence, as noted in the BCEAG (1999) definition,
there is no requirement that corridors consist of high quality habitat. The NRCB clearly acknowledged that some
of these high quality habitats would be lost with development. Moreover, when corridors start to function as
contiguous habitat blocks, they can disrupt rather than facilitate movement (Andreassen et al. 1996), thus high
quality habitats can be an undesirable attribute of a corridor. Likewise, Chetkiewicz et al. (2006) point out that
although important questions about habitat quality in corridors remain unanswered, habitats of moderate
suitability may be ideal for facilitating movement and preventing residency (see also Schultz 1998). Corridors
designed to facilitate animal movements among habitat patches and around developments in the Bow Valley,
therefore, need not incorporate the “best” habitat or the “most preferred route” to be effective. Instead, corridor
effectiveness has to do solely with ensuring wildlife movement between habitat patches is not blocked by
development in the Bow Valley. Specifically, habitats must be of sufficient quality that animals can move from
one habitat patch to another without being forced to cross developed areas (NRCB 1992 pp. 10-51). Similarly,
corridors should not contain topographical features that create barriers to movement, although cliffs and similar
localized features within corridors that are easily circumvented are not an issue for wildlife.

Corridors and Human-Wildlife Conflict
It is important to first point out that the NRCB approved development with the knowledge that populations sinks
(i.e., places animals like to be but where they have high mortality risk) might be created if animals were attracted
to development (NRCB 1992 pp. 10-42 and 10-43), and the Board looked to aversive conditioning to keep
wildlife out of developed areas. The 1992 NRCB decision does not require that wildlife habituation and humanwildlife conflict be considered in corridor design. However, such consideration is prudent given that conflicts
between people and wildlife are common in the Bow Valley, sometimes with significant negative consequences
for both (Chetkiewicz et al. 2006).
A key problem for corridor design with respect to human-wildlife conflict is the potential for corridors placed near
or within development to attract wildlife closer to where people are. Consequently, incorporating too much highquality habitat into corridor design where corridors occur near or within human developments can be
counter-productive; it might encourage animals to remain in places where they have an increased risk of
mortality (known as an attractive sink; Delibes et al 2001, Nielsen et al. 2006).
An ideal situation from the perspective of human-wildlife conflict for wildlife in the Bow Valley would be for
aversive conditioning and attractant management to reduce habitat suitability of developed landscapes to near
nil, for corridors occurring near development to consist of moderate habitat quality (i.e., sufficient for movement
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but not likely to encourage residency), and for high-quality habitat patches to retain animals most of the time
(i.e., the highest probability of selection by wildlife should occur in habitat patches). Given the potential for
human-wildlife conflict, corridors consisting of high-quality habitat for wildlife should not be placed through
developable lands (i.e., with development on either side).

Habitat Enhancements and Corridor Efficacy
A potential benefit of incorporating some patches of high-quality habitat into corridor design is to attract animals
into the corridor, especially if the corridor linking two habitat patches is long (i.e., the Along Valley Corridor
linking the Bow Flats Habitat Patch and the Grassy Lakes Habitat Patch). Little research has been done on this
aspect of corridor design, but data from the Along Valley Corridor in the Bow Valley indicate that animals
frequently are found near enhancement sites that have been created in the corridor (Garrow and Everett
Environmental Services 2009). Under certain circumstances, habitat enhancement might improve corridor
efficacy and also might serve to mitigate some of the habitat lost through development (NRCB 1992 pp. 10-38,
B-2). An overabundance of enhancement sites could retard movement, however, if the corridor begins to
function as a habitat patch. Moreover, the NRCB decision indicates that if high-quality habitat is retained in
corridors, it should be located a sufficient distance away from development to prevent wildlife habituation or
habitat sinks (NRCB 1992 pp. 10-35, 10-44, B-3).
Wildlife, like humans, typically use trails when traveling between destinations (i.e., habitat patches). Enhancing
existing trails or creating new ones providing direct links between habitat patches is one potential way to help
funnel wildlife through corridors. Similarly, decommissioning trails that lead into newly developed areas might
help reduce human-wildlife conflict.

Corridors and Land Tenure
The NRCB decision does not dictate that wildlife corridors must be placed on TSMV property to be effective.
Developers of Three Sisters properties were responsible for retaining corridors on their property where it was
necessary to ensure connectivity (NRCB 1992 pp. 10-51), but there was no specific requirement regarding the
amount of corridor land that must be given up. Much of TSMV has already been developed, and substantial
lands have been set aside for corridors and as conservation easements where such designation was necessary
to maintain wildlife movements (e.g., to link the Along Valley Corridor to the Bow Flats Habitat Patch via the
Stewart Creek Underpass).
Remaining corridors that must be defined and protected at the east end of TSMV property need to provide
linkages between the Wind Valley Habitat Patch and the existing Along Valley Corridor and between the Wind
Valley Habitat Patch and the Bow Flats Habitat Patch via the G8 legacy underpass. A linkage between the
Grassi Lakes Habitat Patch to the Bow Flats Habitat Patch is maintained via the Along Valley Corridor and the
Stewart Creek underpass.
The shortest routes to make the remaining connections occur on provincial lands and the NRCB has clearly
indicated that Crown land should be set aside for corridors where appropriate to ensure regional connectivity
(NRCB 1992 10-38). As noted above, Crown land may also be the best place for an effective corridor if it
provides a link between habitat patches that includes known movement routes of animals, contains habitat that
animals will use for movement, and reduces the probability that animals will come into conflict with people.
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Characteristics of an Effective Corridor for TSMV?
In summary, within the context of the NRCB decision and the intended purpose of wildlife corridors in the Bow
Valley, an “effective” corridor should be:
1. Legally designated by the Province;
2. At least 350m wide (with exceptions under extraordinary circumstances);
3. Maintained in as undeveloped a state as possible;
4. Comprised of habitat features that animals can be expected to use for movement;
5. Correspond with known movement routes of animals; and
6. Avoid attracting animals to places where they come into conflict with people.

We trust that the above meets your information needs. Please contact the undersigned if you have any
additional questions.

Kyle Knopff
Wildlife Biologist
(403) 299-5606

Martin Jalkotzy
Senior Wildlife Ecologist, Principal
(403) 267-6328

c:\documents and settings\mjalkotzy\my documents\what is an effective corridor_01dec10_kk(mgj).docx
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HUMAN-WILDLIFE CONFLICT AND DEVELOPMENT OF THE THREE SISTERS PROPERTIES IN THE
BOW VALLEY

Background
Three Sisters Mountain Village ULC (TSMV) was placed in court ordered receivership in March 2009 with
PricewaterhouseCoopers Inc. (PwC) appointed the receiver and receiver manager of TSMV. During initial
discussions with Alberta Sustainable Resources Development (ASRD), it became clear that human-wildlife
conflict is currently an important concern in the Bow Valley. Therefore, it is essential to understand and define
the developer’s role in mitigating potential human-wildlife conflict.
Appendix C of the November 1992 Alberta Natural Resources Conservation Board Decision Report (NRCB)
entitled “Application to Construct a Recreational and Tourism Project in the Town of Canmore, Alberta” provides
the context and conditions of the approval for developing TSMV property in the Bow Valley. Clause 14 of
Appendix C is the only clause specifically related to human-wildlife conflict and it states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors
in as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
Thus, an aversive conditioning plan is a clear requirement of approval for TSMV development. However, exactly
what this means in terms of the respective roles of the developer and the Province requires additional
clarification.

Human-Wildlife Conflict and Development Approval
The NRCB review process clearly identified human-wildlife conflict as a challenge that might accompany any
development in the Bow Valley and the condition that a wildlife aversive conditioning plan be prepared was
intended by the NRCB to mitigate this problem. Approval for development was given with full recognition of the
potential risks to wildlife posed by human-wildlife conflict. For example, the NRCB identified the potential for
development of Three Sister’s property to create a population sink (i.e., a place that animals prefer to be, but
where they have high mortality risk) for grizzly bears if individuals continued to be attracted to developed areas
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where they might come into conflict with people (NRCB 1992 pp. 10-42 and 10-43). The NRCB considered this
risk acceptable for development within the Bow Valley portion of Three Sisters development (NRCB 1992 pp. 1043). However, to mitigate risk to the extent possible, the Board recommended aversive conditioning and
indicated that the developer should also attempt to reduce habitat suitability for bears within and near developed
areas (e.g., garbage control, reduce plant species attractive to wildlife). Similarly, the NRCB identified the
potential for elk to become habituated, again recommending aversive conditioning as part of the solution (NRCB
1992 pp. 10-39).

The Roles of the Developer and the Province
The NRCB recognized that an effective program to mitigate wildlife-human conflict in the Bow Valley would be
broader than the plans developed for TSMV properties and would ultimately be a responsibility of government
agencies. For example, the NRCB recommended that hunting be maintained in the Bow Valley in order to
reduce the potential for elk to become habituated to people (NRCB 1992 pp. 10-36,10-37 and 13-4). Hunting
regulations are the purview of ASRD and cannot be implemented by developers. Likewise, the NRCB
recognized that “aversive conditioning could not be used without the approval of Alberta Forestry, Lands and
Wildlife and would require that Three Sisters prepare a plan for the approval of that Department that would deal
with aversive conditioning of bears” (NRCB 1992 pp. 10-44). Thus, the only requirement of the developer with
respect to human-wildlife conflict was to prepare the aversive conditioning plan. The implementation of aversive
conditioning, both on and off Three Sisters property fell to Alberta Forestry, Lands and Wildlife, now ASRD
(NRCB 1992 pp. 10-51). Properly implemented aversive conditioning is an effective tool for altering habitat use
patterns of wildlife including ungulates and large carnivores, and reducing the amount of time these species
spend near areas of high human use (Schirokauer and Boyd, Kloppers et al. 2005, Honeyman 2008, Mazur
2010).
TSMV will be committed to ensuring that a plan to reduce human-wildlife conflict that goes beyond aversive
conditioning is implemented once development proceeds. Previously-approved Wildlife-Human Interaction
Prevention (WHIP) plans for the western portion of TSMV property provide a template describing the types of
activities and programs that a future developer might be expected to implement (Jacques Whitford Environment
Limited 2004). WHIP plan components include:



construction management policies designed to minimize wildlife-human interactions during development,
including contractor education, waste control, and access restrictions;



facility design, including appropriate fencing, lighting and landscaping initiatives, to keep wildlife out of
developed areas and funnel wildlife into corridors;



trail system design;



attractant management;



homeowner and community education and outreach;



wildlife habitat management (e.g., measures to discourage wildlife use of developed areas); and



wildlife monitoring.
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A plan intended to mitigate human-wildlife conflict also might include collaboration between TSMV and the
Alberta government to create off-site habitat enhancements to attract animals to locations away from
development. The NRCB discussed the potential for TSMV to use forest clearing to encourage growth of forage
species as a mitigation tool to enhance habitat quality for elk outside of developable lands. The NRCB
recommended such mitigation with the caveat that vegetation management be addressed at a regional scale
(NRCB 1992 pp. 10-38). Concerns identified by the NRCB include placing enhancement sites too close to
development, which might cause habituation by wildlife, or alternatively result in wildlife failing to use the
enhancement sites because they are too close to development and are avoided (NRCB 1992 pp. 10-35). Offsite enhancements that provide forage for ungulates will also enhance habitat for large carnivores (i.e.,
increased prey) and may provide increased berry production that would benefit bears (NRCB 1992, Appendix B).
By providing alternative sites that are more attractive than developed areas, the number of human-wildlife
conflicts could be reduced. Off-site habitat enhancements created for other phases of TSMV development have
seen extensive use by wildlife, especially bears (Garrow and Everett Environmental Services 2009).

We trust that the above meets your information needs. Please feel free to contact the undersigned if you have
any additional questions.

Kyle Knopff
Wildlife Biologist
9403) 299-5606

Martin Jalkotzy
Senior Wildlife Ecologist, Principal
(403) 267-6328

c:\documents and settings\mjalkotzy\my documents\human-wildlife conflict_01dec10_kk(mgj).docx
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Background
In November 1992 the Alberta Natural Resources Conservation Board Decision Report (NRCB) was issued for
“Application #9103 – Three Sisters Golf Resorts Inc. Application to Construct a Recreational and Tourism Project
in the Town of Canmore, Alberta”. In that decision, the NRCB approved development of a resort complex in the
Bow Valley, which consisted of golf courses and associated residential and commercial infrastructure.
Development of the Three Sisters project (now known corporately as Three Sisters Mountain Village ULC
[TSMV]) was subject to conditions that had to be met prior to construction. Appendix C of the 1992 NRCB
decision provides the context and conditions of the approval for developing the property. Perhaps the most
significant condition involves wildlife movement corridors. Clause 14 of the Appendix C states:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors
in as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.”
Over the nearly two decades since development of TSMV was approved, the developer in accordance with
provincial approval has provided over 219 ha (543 acres) of conservation easements for wildlife movement
within the Along Valley and Across Valley Corridors. In addition, a number of habitat patches in the Bow Valley
were officially delineated and protected, and it is connectivity among these patches that wildlife movement
corridors are intended to preserve. Although the process was challenging, corridors linking these habitat
patches were eventually approved and officially designated by the Province throughout much of the Bow Valley
and substantial portions of TSMV were developed. However, corridors have not yet received official designation
near the east end of TSMV property. Specifically, formally designated linkages between the Along Valley
Corridor and the Wind Valley Habitat Patch and between the Wind Valley Habitat Patch and the Bow Flats
Habitat Patch via the G8 legacy underpass are required (Figure 1). A lack of corridor designation in this area
continues to delay development of the eastern portion of the TSMV property.
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TSMV was placed in court-ordered receivership in March 2009 with PricewaterhouseCoopers Inc. (PwC)
appointed the receiver and receiver manager. PwC extensively reviewed the TSMV file and determined that the
development footprint of TSMV property must be finalized, which meant that wildlife corridors must be formally
designated. At the request of ASRD, representatives from PwC therefore met with Deputy Minister McGhan of
Alberta Sustainable Resource Development (ASRD) in December 2009 to discuss corridor designation. ASRD
is the current equivalent of Alberta Forestry, Lands and Wildlife and therefore is the department responsible for
approving wildlife corridors. At that meeting, ASRD indicated that under the 1992 NRCB Decision, Clause 14 it
was the responsibility of PwC to provide a proposal for a corridor. For the corridor to be approved, ASRD also
indicated that the proposal must be consistent with the requirements of the NRCB decision and should be based
on the most current and best available science.
In February 2010, PwC retained Golder Associates (Golder) to identify the best available science with respect to
wildlife corridors (i.e., review of the scientific literature) and to develop empirical models by applying broadly
accepted approaches in wildlife science to assess corridor placement and efficacy at the east end of TSMV
property. Golder was retained because of their previous experience working on TSMV wildlife corridors in the
Bow Valley and their reputation of consistently delivering objective, science-based assessments. Golder
prepared a draft proposal concerning potential corridor placement (Golder 2010), which PwC submitted to ASRD
in October 2010. The proposal provided an extensive literature review and a scientific assessment of potential
corridors using the best available, unbiased, species-specific wildlife monitoring data (ASRD radio telemetry
data) and the most recent advances in statistical approaches to modelling habitat suitability (e.g., resource
selection functions).
As part of their due diligence, ASRD has reviewed the Golder 2010 proposal and questioned why previous
criteria used to evaluate effective corridor placement in the Bow Valley as outlined by the Bow Corridor
Ecosystem Advisory Group (BCEAG 1999) was not applied by Golder. The BCEAG criteria are now well
established in the Bow Valley, have been described as representing the best available science concerning
corridor design, and have been promoted as the minimum criteria for acceptable corridors by wildlife advocacy
groups. Therefore, the primary purpose of this technical memorandum is to review the recommendations of the
BCEAG and determine whether they continue to reflect the best available science and whether they should be
applied to corridor evaluation with respect to TSMV. Before doing so, however, it is essential to review the
decision criteria by which an acceptable corridor will be identified and determine the applicability of the BCEAG
guidelines to corridor designation with respect to TSMV.

Decision Criteria: the NRCB and a Science-Based Approach
Substantial discussion has developed over the past decade concerning the location of the final portion of the
Along Valley Corridor, which will link the existing corridor to the Wind Valley Habitat Patch (Figure 1). A variety
of perspectives regarding corridor placement have been expressed by different organizations and individuals.
Consequently, a succinct and transparent set of criteria by which wildlife corridors can be designed, evaluated
and approved is required. TSMV is an approved development, and the only legal document governing its
implementation is the November 1992 NRCB Decision Report. Hence, decision making concerning wildlife
corridors and TSMV must take direction from this document. A number of opinions, reports and proposals
regarding the completion of the Along Valley Corridor have arisen since the original 1992 decision, but none
should govern the current decision-making process as the relevant stakeholders did not formerly accept or agree
upon their conclusions.
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Both PwC and ASRD have agreed that the November 1992 NRCB Decision Report, which required wildlife
corridor designation in the first place, constitutes the basis for decision making with respect to corridor placement
at the east end of TSMV property. The NRCB makes clear that the primary purpose of wildlife movement
corridors is to ensure that development will not prevent animals from moving between habitat patches within the
Bow Valley or at broader regional scales. Specifically, the NRCB requires the following with respect to corridors:



wildlife corridors should be legally designated by the Province (NRCB 1992 pp. 10-38);



primary wildlife corridors should not be narrower than 350m, except under unusual circumstances (NRCB
1992 pp. 10-38);



width and location of corridors should be reviewed with the full range of wildlife species expected to use
them in mind (NRCB 1992 pp. 10-38);



roads, pathways and utility lines should be bundled (i.e., cross corridors in the same place) to minimize
corridor fragmentation (NRCB 1992 pp. 10-38);



corridors should correspond with known movement routes of animals (NRCB 1992 pp. 10-38); and



corridor designation should occur at a regional scale and corridors on private and provincial lands must be
linked (NRCB 1992 pp. 10-38).

The 1992 NRCB decision is silent about the use of science to facilitate corridor designation or to ensure that
corridors will be used by wildlife for movement. However, support for the use of science is provided in a letter to
TSMV from the NRCB dated April 6, 2004 which states that the Board was satisfied with the “application of more
recent scientific thought in relation to wildlife corridor design”. A science-based approach, moreover, provides
an objective and defensible means of evaluating the efficacy of wildlife corridors that meet the above criteria.
Both PwC and ASRD have agreed that such an approach is required for corridor designation to move forward.
Likewise, environmental organizations frequently advocate corridor designation based on the best available
science (e.g., letter to Minister Knight from the Alberta Wilderness Association dated November 27, 2010). It is
therefore critical to determine what the most recent scientific literature and empirical data from the Bow Valley
have to say about where effective wildlife corridors might be placed.
The BCEAG (1999) guidelines purport to provide this information. Yet, the BCEAG guidelines expressly state
that they do not apply to TSMV. Under section 3.0 APPLICABILITY:
“The following projects are exempt from the guidelines:
1) projects for which approvals have been granted by the Natural Resources Conservation Board
(NRCB)”
However, several groups claim that the application of the BCEAG guidelines to corridor evaluation for TSMV is
legitimate because these guidelines reflect the best available science (e.g., letter to Minister Knight from the
Alberta Wilderness Association dated November 27, 2010). The application of BCEAG guidelines with respect
to TSMV, therefore, depends entirely on their scientific validity. It has been more than a decade since the
BCEAG criteria were developed and a great deal of new information about movement corridors and wildlife in
the Bow Valley and elsewhere is now available, and the BCEAG criteria must be evaluated in light of this
information.
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The BCEAG Prescriptions
In 1997, the BCEAG published the first version of its flagship document, Wildlife Corridor and Habitat Patch
Guidelines for the Bow Valley, which was followed shortly after by updated versions in 1998 and 1999. The
intent of this document was to establish consistent scientific standards that could be followed to ensure effective
wildlife corridor design in the Bow Valley.
The most recent revision of the BCEAG guidelines indicates that primary wildlife corridors should:



consist of slopes <25°;



be a minimum of 350 m wide;



be < 8 km long;



provide a direct route between habitat patches (avoid doglegs and cul-de-sacs)



maintain effective hiding cover of >40%; and,



have no human use.

Although based on the best information available at the time, many of the guidelines were generated using
limited scientific information and inferences from unpublished reports and incomplete studies.

Application of BCEAG
Two studies, one by Herrero and Jevons (2000) and another by Golder (2002), are commonly cited as lending
broad scientific support to the BCEAG guidelines. Both studies apply the BCEAG guidelines, in whole or in part,
to evaluate corridor efficacy in the Bow Valley. Because both reports were written shortly after the publication of
the 1999 version of the BCEAG guidelines, it is not surprising that the prescriptions contained therein were taken
at face value. However, as both were desktop studies neither report provides any empirical data supporting the
specific prescriptions put forward by BCEAG.
The Herrero and Jevons Report (2000)
The Herrero and Jevons (2000) study applies the BCEAG guidelines to assess corridor function in the South
Canmore Region, concluding that designated corridors contain many features that limit the ability of wildlife to
use them. However, inferences made by the Herrero and Jevons (2000) study with respect to corridor function
rely strictly on the assumption that the BCEAG guidelines appropriately determine whether or not a corridor will
be effective. No new empirical data are provided. The relevance of the findings presented in the report stands
or falls depending strictly on the scientific merit of the BCEAG guidelines.
The Golder Reports (2002 and 2010)
The Golder (2002) report is another desktop study, which provides no empirical data. Like Herrero and Jevons
(2000), therefore, support for the BCEAG guidelines is provided only through their application, not in the form of
new data that confirm the prescriptions. However, because Golder (2002) considered the BCEAG guidelines
and used them to help assess and define functional corridors, ASRD has questioned why Golder did not apply a
similar approach in 2010 and use the prescriptions for corridors given in Golder 2002. The response to this
question is twofold.
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1) As part of the new Resort Centre area structure plan (ASP) process in 2001, Three Sisters, the
Town of Canmore and the Province entered into discussions regarding the re-alignment of the
Grassi and Three Sisters Secondary Wildlife corridors. The result of the review was the 2002
Golder Report, entitled Final Report - Assessment of Wildlife Corridors within DC Site 1, DC Site 3,
and District “R”. The Golder Report supported the re-alignment of the approved 1998 corridors to
create one “across valley corridor” and re-affirmed the primary or the “along valley corridor”. Golder
(2002) takes into account site-specific details for the boundary of the Resort Centre ASP that
included Sites 1 and 3 and District R. As such, the specific recommendations put forward in Golder
(2002) were designed for the lands encompassing the Resort Centre ASP and are not applicable
elsewhere.
2) Although Golder (2010) did not apply all of the BCEAG prescriptions, many of the ideas presented in
the BCEAG guidelines were retained. Prescriptions and concepts were applied if they continued to
be supported by current scientific literature and by empirical data from the Bow Valley, and rejected
otherwise.

Do BCEAG Prescriptions Reflect Current Scientific Understanding?
Good science is an iterative process where ideas are modified or discarded when they prove inadequate and are
retained and subjected to additional evaluation when they are supported by available data. For this reason,
each of the prescriptions presented in the BCEAG prescriptions must be evaluated independently to assess their
applicability in light of a decade of new empirical corridor research and data.
Below, the definition of a wildlife corridor and each of the 6 prescriptions for effective corridors provided by the
BCEAG (1999) are evaluated in the context of the current scientific literature and recent empirical data from the
Bow Valley. Each prescription is either retained or rejected depending on its scientific merit. In cases where a
specific prescription is rejected, some of the underlying concepts used by the BCEAG to generate the
prescription may be retained.

Definition of a Corridor
To understand what a corridor should look like, a clear understanding of the intended function of the corridor is
required. For instance, corridors might be designed in a meta-population framework, such that they permit
animals to disperse from their natal area and travel to new habitat patches once in a lifetime, reducing extinction
risk in fragmented landscapes (Beier 1995, Beier and Noss 1998). Corridors also can be designed to maintain
the genetic diversity of wildlife. In such cases, corridors need only be used infrequently, perhaps only a handful
of times in a generation (Mills and Allendorf 1996). Although these population-level corridor functions clearly are
important in the Bow Valley, the primary motivation for wildlife corridors in the Canmore area is to ensure
connectivity at a local spatial scale over short periods of time, such that individual animals that cannot meet all of
their requirements inside a single habitat patch are able to use the corridors many times over the course of a
year to incorporate multiple habitat patches into their home ranges, which is the definition provided by the
BCEAG (1999).
To meet this objective, the BCEAG provides additional detail on what a corridor should incorporate. In contrast
to a wildlife habitat patch, which is defined as a place that meets a wide spectrum of habitat requirements
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for wildlife, the BCEAG defines a wildlife corridor is:
“an area of land designed to provide connectivity among habitat patches”. As such, “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” (BCEAG 1999 pp.
5).
In other words, habitat quality within corridors need not be high, so long as wildlife will use the corridor to travel
between habitat patches. The BCEAG guidelines found substantial support for their definition in the literature
(e.g., Herrero and Hamer 1983, Matson 1993, Harrison 1992, Noss 1992, Beier and Loe 1992, Beier 1995, and
Gibeau et al. 1996).
Recent literature also supports this definition. For instance, Beier et al. (2008 pp 837) define a corridor as “a
swath of land intended to allow passage by a particular wildlife species between 2 or more wildland areas”.
Beier et al. (2008) go on to define linkages as multi-species corridors that are designed to promote movement in
some cases, but also can be designed to promote more complex biological processes, depending on the
biological goals set for the linkage. In the case of corridors and TSMV, the intent is clearly to allow passage, or
using the language of the NRCB, to “prevent blockage” (NRCB 1992 pp. 10-51). In such cases, not only does
habitat not need to be of the highest possible quality, but some studies suggest that high-quality habitat might
actually be an undesirable attribute of movement corridors. Chetkiewicz et al. (2006) point out that although
important questions about habitat quality in corridors remain unanswered, habitats of moderate suitability may be
ideal to facilitate movement and prevent residency (see also Schultz 1998). Preventing residency (which occurs
when habitat quality is high) is particularly important in landscapes where wildlife-human conflict is a problem,
such as the Bow Valley. In these cases, incorporating too much high-quality habitat into corridors near or within
human developments can be counter productive; it might encourage animals to remain in places where they
have an increased risk of mortality (known as an attractive sink; Delibes et al 2001, Nielsen et al. 2006) and also
can put people at risk (Chetkiewicz et al. 2006).



BCEAG definition: wildlife corridors provide connectivity among habitat patches, but are not themselves
designed to act as habitat patches (Retained)

Slope
The BCEAG guidelines (1999) suggest that slopes >25° render corridors ineffective. The scientific basis for this
prescription comes from unpublished studies on corridors in Banff by Karsten Heuer and from unpublished work
by Carolyn Callaghan on wolves in the Bow Valley. Both studies have since been completed (Heuer et al. 1998,
Callaghan 2002) and neither presents a threshold value for slope beyond which wildlife will not use corridors. In
fact, although both documents indicate that wildlife use shallow slopes more frequently than steeper ones, both
also show that wildlife are capable of moving across steep slopes. For example, Callaghan (2002) found wolves
in the Bow Valley Pack used slopes up to 61°. Finally, the 1999 BCEAG guidelines updated the slope
requirements for corridors from <35° listed in the 1997 guidelines to the current prescription <25° in 1998. The
reasons for this change are neither explained nor supported by empirical evidence.
Some wildlife research conducted in the Bow Valley has been identified by various groups and agencies as
providing support for the BCEAG guidelines with respect to slope. Foremost among these studies are the
Regional Wildlife Corridor Study (2002), and research conducted by Alberta Tourism, Parks and Recreation
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(2010). These studies use data obtained from track counts on linear transects and backtracking during winter,
and monitoring track pads during summer. The results indicate an extremely low probability of wildlife use
outside of flat valley bottoms. Although the methods used to generate data and develop models are not always
clear (e.g., Alberta Tourism, Parks and Recreation 2010), models appear to be biased by a sampling approach
that focuses on low-elevation habitat that can be easily accessed from roads. Therefore, extrapolating models
beyond the geographic range of the data used to generate them (i.e., outside of valley bottoms) may be
inappropriate. Even backtracking data, which provides detailed information on known movement patterns of
animals can be biased, especially if tracks are followed as intercepted when walking upslope from access points
along the Trans Canada Highway. Data collected using telemetry (i.e., collared animals) do not suffer these
potential biases. Telemetry data are available for cougars, grizzly bears, elk, and wolves in the Bow Valley, and
these data indicate much greater use of steeper slopes and higher elevations (e.g., Chetkeiwicz and Boyce
2009, Golder 2010) than is suggested by the track based studies, which often indicate zero use (e.g., Regional
Wildlife Corridor Study 2002).
As noted above, some wildlife species do prefer shallower slopes at certain time of the year, especially during
winter (see Golder 2010 for an extensive literature review), but there is no indication that slopes >25° represent
zero probability of selection by wildlife while slopes≤25°
of represent adequate habitat, as implied by the
BCEAG guidelines. Wolves, for instance, are capable of adjusting their behaviour to move across steep slopes
when preferred valley bottom habitat is no longer available (Duke 2001, Shepherd and Whittington 2006).
Similarly, elk have been reported using slopes >30° for movement in west-central Alberta (Frair et al. 2005), and
in the Bow Valley, the steep slopes on the east side of Wind Ridge are considered critical elk winter range
(NRCB 1992 pp. 10-34). In fact, the importance of these steep slopes for wildlife was a primary reason that
development of the Wind Valley portion of the Three Sisters property was not approved (NRCB 1992 pp. 10-39).
Cougars and grizzly bears also prefer to use higher elevations and steeper slopes in some cases and are
capable of moving easily across such terrain (see extensive literature reviews in Golder 2010).
Consequently, the implications of steep slopes for wildlife corridors should not simply be assumed, particularly
not in a strict dichotomous manner (Chetkiewicz et al. 2006). Instead, models capable of describing gradations
in relative probability of wildlife use across a landscape, as advocated by Chetkiewicz et al. (2006) might provide
a better indication of how animals respond to slope. Chetkeiwicz and Boyce (2009) applied such a model,
identifying an area on the steep slopes above the currently designated Along Valley Corridor as a prime
candidate for a multi-species and multi-season corridor for large carnivores based on resource selection
functions generated from GPS collar data. Similarly, empirical resource selection function models presented in
Golder (2010) indicates that corridors incorporating slopes >25° can be effective, provided they remain
vegetated and occur at moderate elevation. Ineffective corridor habitat in both studies consisted primarily of
rocky cliffs and non-vegetated areas at higher elevations, and within developed areas.



BCEAG prescription: no slopes >25° within wildlife corridors (Not Retained)

Corridor Width
With respect to TSMV properties, the NRCB dictates that corridors must be at least 350m wide and the BCEAG
guidelines reflect this prescription. Data from the Along Valley Corridor indicate that all key wildlife species in the
Bow Valley are using the corridor (Jacques Whitford AXYS 2008, Garrow and Everett Environmental Services
2009), indicating that corridors of those dimensions may be effective. However, data are unavailable to define a
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minimum effective corridor width. Thus, although 350m is the minimum required by the NRCB, it remains
unclear whether this is more than necessary, or not enough to be effective.
Tests of the relationship between corridor width and efficacy are available for very few wildlife species (Haddad
2008, Gilbert-Norton et al. 2010) and methods for empirically estimating the minimum effective width of corridors
a priori are unavailable (Beier et al. 2008). As a result, prescriptions for corridor width are highly variable and
based primarily on expert opinion. Corridors must not be too narrow or animals will not use them (Gillies and St
Clair 2008), nor should they be too wide or they stop functioning as corridors and can disrupt rather than
facilitate movement (Andreassen et al. 1996).
Recommended widths of corridors designed for large carnivores presented in the literature vary between 100m
and several kilometres depending on the length of the corridor and its intended function (Harrison 1992, Beier
1995). Multi-species corridor widths of 350 m (NRCB 1992, BCEAG 1999) and 635 m (Golder 2002) have
variously been prescribed as acceptable minimums for the Bow Valley. However, neither prescription carries
more scientific merit than the other and secondary corridors of lesser width are occasionally used by large
carnivores in the Bow Valley (Golder 2002), highlighting substantial uncertainty about what constitutes a
minimum effective width.
Ultimately, effective corridor width designation may have to rely on subjective decision making informed by
expert opinion, although data should be used wherever possible (e.g., the Along Valley Corridor data in the case
of the Bow Valley). In general, the corridor literature suggests that conservative consideration should be given to
wildlife and that wider corridors are better than narrow ones, especially if corridors are long (Beier 1995, Beier et
al. 2008, Gillies and St Clair 2008). Because experts may disagree, setting minimum corridor width where
expert opinion is applied remains an important challenge for land managers (Beier et al. 2008). To account for
this uncertainty, the corridors proposed by Golder (2010) are substantially wider than corridors that have been
designated in other parts of the Bow Valley and are several times wider than the 350m required by the NRCB.
In addition, the corridor locations recommended in Golder (2010) have been placed to allow for development to
occur on one side of the corridor only, with the other side undeveloped and constrained only by physical
features, thereby increasing the potential effective width of the corridor.



BCEAG prescription: wildlife corridors must be at least 350m wide (Not Retained)

Corridor Length
The BCEAG guidelines suggest that corridors linking habitat patches should be less than 8km long. Just as is
the case for prescriptions regarding corridor width, data are unavailable to identify maximum length of effective
corridors (Haddad 2008, Gilbert-Norton et al. 2010), and the prescriptions for the relationship between habitat
and corridor width given by the BCEAG remain arbitrary and untested. On the other hand, the idea that shorter
corridors will prove more effective than longer ones, especially if corridors are narrow (Beier 1995), remains
largely unchallenged in the literature. Consequently, although corridors longer than 8km may be effective,
linking habitat patches using the shortest possible route through habitats suitable for movement is currently the
most scientifically defensible approach. Golder (2010) applied the “shortest route” approach to corridor
designation.



BCEAG prescription: corridors <8km long (Not Retained)
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Corridor Shape
The argument made in the BCEAG (1999) guidelines that:
“Human development along the edge of a local habitat patch or wildlife corridor should form as
straight an edge as possible. Peninsulas, doglegs and cul-de-sacs have the potential to trap
animals or direct them out of the corridor network and into development areas where conflict
with humans may result.”
This argument makes a great deal of intuitive sense and is supported in the literature (Beier 1995). The NRCB
looked to aversive conditioning to keep animals out of developed areas and no specific prescriptions were given
for corridor design with respect to human-wildlife conflict. However, given the importance of human-wildlife
conflict in the Bow Valley and the potential for doglegs and cul-de-sacs to increase conflict, it makes sense to
keep corridor boundaries adjacent to development as straight as possible, as proposed by the BCEAG (1999).



BCEAG prescription: corridors should provide a direct route between habitat patches and should avoid
peninsulas, doglegs and cul-de-sacs (Retained)

Hiding Cover
The BCEAG (1999) guidelines recommend that corridors consist of at least 40% “hiding cover”. While
vegetative cover clearly can be important for wildlife (see review of habitat preferences for grizzly bears, wolves,
elk and cougars in Golder 2010), there is no evidence that the 40% rule is a good one. Just as in the case of the
slope prescription provided by BCEAG, this dichotomous distinction is inappropriate for corridor evaluation
(Chetkiewicz et al. 2006). Instead, models capable of describing gradations in relative probability of wildlife use
across a landscape, as advocated by Chetkiewicz et al. (2006) and applied by Golder (2010) should provide a
more accurate depiction of how animals respond to vegetative cover.



BCEAG prescription: hiding cover > 40% (Not Retained)

Human Use
The BCEAG guidelines (1999) recommend no human use in wildlife corridors. This is supported by a wide body
of literature that indicates that wildlife tend to avoid anthropogenic features and may be aversely affected by
human use (see review of human influences on grizzly bears, cougars, wolves and elk in Golder 2010). This
position is also supported in the 1992 NRCB decision. The NRCB approved development with full recognition of
the potential risks to wildlife posed by human-wildlife conflict (NRCB 1992 pp. 10-42 and 10-43), but the Board
also recognized the importance of setting aside portions of the landscape for wildlife away from human influence.
It was for this reason that corridors were intended to remain in “as undeveloped a state as possible” (NRCB
1992 Appendix C, Clause 14). The corridor locations recommended in Golder (2010) have been placed to allow
for development to occur on one side of the corridor only, thereby reducing human use of the corridor and the
potential for negative human-wildlife interactions.



BCEAG prescription: no human use within wildlife corridors (Retained)
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Summary
This technical memorandum directly addresses the concerns expressed by ASRD about the lack of direct
application of the BCEAG guidelines by Golder (2010) when evaluating corridor placement with respect to
TSMV. As explained herein, those prescriptions or ideas presented by BCEAG that remain scientifically
defensible were applied by Golder and those that could not be defended were rejected. For example, Golder
accepted the BCEAG definition of a wildlife corridor, which suggests that corridors must contain habitats capable
of supporting wildlife movement among habitat patches, but need not contain the “best available” habitat or the
“most preferred” components of the landscape. Similarly, although Golder rejected some of the specific
prescriptions provided by the BCEAG, they accept the concepts that:



wildlife corridors should generally be shorter and wider instead of longer and narrower;



wildlife corridors should be exposed to minimal human use and development; and



wildlife corridors should maintain straight edges where they abut development.

Golder rejects the BCEAG’s slope prescription because no support for this approach was found in peer-reviewed
literature and empirical telemetry data obtained from large mammals in the Bow Valley clearly contradict the
dichotomous slope rule. Although wildlife may prefer shallower slopes at some times of year, there is no
convincing evidence that slopes >25° cannot be incorporated into a functional wildlife corridor. Golder believes
that the steep slope paradigm, which has become an entrenched principle with respect to corridors in the Bow
Valley, should cease to dominate discussions of corridor placement with respect to TSMV property. Instead, the
influence of slope on probability of selection by wildlife should be evaluated along with other biophysical
landscape components using empirical habitat suitability models.
Golder (2010) presents wildlife movement corridor options that are both consistent with the weight of scientific
evidence for what constitutes an effective wildlife corridor and with the requirements of the NRCB. The report
evaluates corridors using the most recent published science from the Bow Valley and elsewhere for context, and
applies empirical data provided by ASRD to assess potential corridor efficacy. This technical memorandum
further clarifies why many of the BCEAG prescriptions do not represent the best available science and should
not be applied in the context of TSMV. This should help assuage the concerns expressed by ASRD during their
due diligence process and provide an opportunity to move forward with discussions of the corridors proposed by
Golder, ultimately leading to resolution of this longstanding issue.
We trust that the above meets your information needs. Please contact the undersigned if you have any
additional questions.

Kyle Knopff
Wildlife Biologist
(403) 299-5606

Martin Jalkotzy
Senior Wildlife Ecologist, Principal
(403) 267-6328

KK/MJ/js
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VALLEY/DEAD MANS FLATS REGION IN THE BOW VALLEY

Background
Wildlife corridors capable of linking designated habitat patches in the Bow Valley remain undefined in the south
Canmore region in the vicinity of Three Sisters Mountain Village (TSMV) property. Although development of
TSMV property in the Bow Valley was approved in 1992 by the Natural Resources Conservation Board (NRCB),
several conditions were placed on the development. One of these was that:
“Three Sisters shall incorporate into its detailed design, provision for wildlife movement corridors in
as undeveloped a state as possible, and prepare a wildlife aversive conditioning plan, both
satisfactory to Alberta Forestry, Lands and Wildlife.” (NRCB 1992, Appendix C, Clause 14)
Corridors along much of TSMV property were officially designated, but corridors on or near the east end of the
property were never finalized. In February 2009, TSMV was placed into court-ordered receivership and
PricewaterhouseCoopers Inc. (PwC) was appointed the Receiver and Receiver Manager. Prior to the
receivership, TSMV was engaged in corridor discussions with Alberta Sustainable Resource Development (ASRD)
and Alberta Tourism, Parks and Recreation (ATPR). PwC supported this initiative to expedite closure on the
corridor issue and became actively engaged in the process. At a meeting held in December 2009 that was
attended by PwC and the Deputy Minister of ASRD, PwC was advised by ASRD that Condition 14 of the NRCB
Decision required TSMV (hence, the Receiver) to propose the location of a wildlife corridor.
rd

Golder Associates (Golder) was hired by PwC to provide an objective 3 party review of the longstanding wildlife
corridor issue at the east end of TSMV property and answer the following question: “Would a corridor have to be
placed on TSMV property or could an effective wildlife corridor be located on land outside the TSMV property to
provide connectivity between designated wildlife habitat patches?” Golder was instructed to use the best
available science and the 1992 Natural Resources Conservation Board (NRCB) report entitled “Application to
Construct a Recreational and Tourism Project in the Town of Canmore, Alberta: Decision Report” to provide
context for the analysis and interpretation of results.
In February 2011, PwC provided ASRD with a report prepared by Golder that evaluated the efficacy of corridor
options with respect to TSMV property (Golder 2011). Golder used resource selection functions (RSF) derived
from telemetry data for grizzly bears, wolves, elk and cougars, combined with actual telemetry location data and

Golder Associates Ltd.
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information on known wildlife movement routes, to assess corridor efficacy. Golder concluded that all indicator
species (i.e., grizzly bears, wolves, elk and cougars) would continue to be able to move among designated
habitat patches in the Bow Valley using the proposed Wind Ridge and Pigeon Mountain Corridors, both of which
occur outside of the TSMV property boundary, after development of the eastern portion of TSMV property.
The corridor options presented in the Golder report differed substantially from those of a 2002 report entitled
“Regional Wildlife Corridor Study: Wind Valley/Dead Mans Flats” compiled by ASRD. PwC and Golder had
several meetings with ASRD to discuss the corridor options evaluated by Golder. ASRD continued to point to
the Regional Wildlife Corridor Study (RWCS; 2002) as the preferred starting point for effective corridor
delineation because of its long history. Golder reiterated concerns raised in their report about the way the data
used to define the corridors proposed in the RWCS (2002) had been collected and with some aspects of the final
th
corridor design. Based on the discussions during a meeting held on 12 May 2011, many of those concerns are
th
shared by ASRD biologists. In a meeting on 25 May 2011 between Earl Williams (PwC) and Rick Blackwood
(ASRD Assistant Deputy Minister), Mr. Blackwood again brought up the corridor proposed in the RWCS (2002)
as an option that required further consideration. In response, PwC asked Golder to provide a more thorough
and detailed review of the RWCS (2002). This technical memorandum addresses PwC’s request.

Evaluation
The corridor options proposed by the RWCS (2002) were assessed in the context of the NRCB (1992), the best
information currently available about corridor design in the Bow Valley (refer to Golder 2011 for a review), and
were compared directly to the results obtained by Golder (2011). The evaluation is divided into a review and
assessment of the methods used to identify corridors and a separate assessment of each of the three corridor
segments identified by the RWCS (2002):
1)

Three Sisters Resorts Corridor

2)

Dead Man’s Flats Corridor

3)

Pigeon Mountain Corridor

Methods
Corridors proposed in the RWCS (2002) were designed to provide a continuation of the east-west movement
corridor along TSMV property (i.e., moving east from the edge of the approved Along Valley Corridor) and to
provide a link between the Bow Flats and the Wind Valley Habitat Patches. Data were collected on TSMV
property and surrounding lands. Sampling was almost exclusively conducted on slopes shallower than
25 degrees. Slopes steeper than 25 degrees were assumed a priori to be non-functional corridor habitat, unless
data indicated otherwise. However, because of the strong sampling bias caused by the study design, there was
little opportunity for the data to indicate otherwise. Sampling was not conducted on Wind Ridge and the potential
efficacy of a wildlife corridor in this area was not assessed.
A key reason that sampling occurred only at the valley bottom and extensively on TSMV property may have
been due to a misinterpretation of the direction provided by the NRCB (1992). The RWCS (2002) part II states
that under the direction of the NRCB, TSMV “was required to provide for wildlife movement through their
property and that that the provincial government was responsible for approving those corridors”. While it is true
that developers of Three Sisters properties were responsible for retaining corridors on their property where it was
necessary to ensure connectivity (NRCB 1992 pp. 10-51), there was no specific requirement regarding the
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amount of land that must be set aside as a wildlife corridor. Specifically, the NRCB decision does not dictate that
a corridor at the east end of Three Sisters properties must be placed on developable lands to be effective.
Corridors could be placed partially on TSMV property or even entirely on provincial lands, if appropriate. Much
of TSMV has already been developed, and substantial lands have been set aside for corridors and as
conservation easements, where such designation was necessary to maintain wildlife movements (e.g., to link the
Along Valley Corridor to the Bow Flats Habitat Patch via the Stewart Creek Underpass). Thus, the a priori
concept that an effective corridor must cross TSMV land is not consistent with the 1992 NRCB decision.
As pointed out by the RWCS (2002), the primary connections that still need to be made in the Bow Valley are
from the end of the approved Along Valley Corridor to the Wind Valley Habitat Patch and from the Wind Valley
Habitat Patch to the Bow Flats Habitat Patch. The shortest route to make the necessary connections occurs on
Crown land. The NRCB (1992) clearly indicated that Crown land should be set aside for corridors where
appropriate to ensure regional connectivity (NRCB 1992 10-38). Crown land may also be the best place for an
effective corridor if it provides a link between habitat patches that includes known movement routes of animals,
contains habitat that animals will use for movement, and reduces the probability that animals will come into
conflict with people. The data collected by the RWCS (2002) were insufficient to evaluate such options.
A number of data sources were used to identify corridors within the constrained study area, all of which provide
some information about how animals use the landscape. Datasets used included:



pellet counts;



summer track pad counts;



winter track counts;



winter backtracking; and



Trans Canada Highway mortality.

Pellet counts were used to identify habitat preferences of ungulates. Summer track pad counts and winter track
counts were collected along predetermined transects on old roads (i.e., non-random study design) and provide
information about relative abundance of animals along these routes. Road mortalities were used to identify
locations where animals preferred to cross the highway, although these data are more correctly interpreted to
indicate places where animals unsuccessfully cross roads, which may or may not be the same as preferred
crossing locations. Winter tracking provided information on known movement routes of animals when snow
conditions permitted. Winter back-tracking was considered a secondary component of data collection for the
RWCS and the focus was on pellet counts, summer track pad counts and winter track counts (RWCS 2002).
Winter tracking was conducted opportunistically when time and personnel permitted, apparently starting from
locations along winter track count transects. The RWCS (2002) part II notes that “because of small sample sizes
for some species, the results may not be representative”.
Although all data sources were purportedly used to define corridors, winter backtracking was identified as the
primary source of corridor evaluation, and the report states that carnivore movements took precedence over
ungulate movement during evaluation. Corridors were delineated in part using utilization distributions created
around winter back-tracking data. Attempts were made to place corridors where the highest number of tracks
was recorded within a 350 m radius. Because bears are in dens during winter, the proposed corridors were
informed very little if at all by information about grizzly bear movements. The most commonly-tracked carnivores
during winter were cougars and the proposed corridor is therefore strongly influenced by cougar movements. In
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addition to limited scope of inference due to the study design, starting most back-tracking sessions from the
same survey routes has important implications for calculating utilization distributions. Specifically, track density
(hence utilization distributions) should be higher along survey routes simply because most tracking sessions are
started on those routes. This appears to be the case for large carnivores, the group of animals most frequently
backtracked during the study (Figure 1), and represents a potentially important source of bias.
Figure 2 is a reproduction of Figure 13 in part II of the RWCS (2002) and it depicts the proposed corridors and a
utilization distribution based on the results of the carnivore back-tracking. This map indicates that Wind Ridge is
not suitable for carnivore movement. More specifically, because most of the back-tracking data were of cougars,
one could conclude from this figure that cougars rarely or never move over Wind Ridge during winter. This is in
stark contrast to the results of telemetry studies, which indicate substantial use of Wind Ridge by cougars during
winter (Golder 2011) and identify multi-season corridors for carnivores (i.e., cougars and grizzly bears) at higher
elevations and on steeper slopes (Chetkiewicz and Boyce 2009). Thus, the limited scope of inference permitted
by the sampling design used in RWSC (2002) appears to have resulted in a poor understanding of where
effective wildlife movement corridors might be placed, at least for some of the species represented (Figure 2).

Three Sisters Resorts Corridor
The Three Sisters Resort (TSR) Corridor is intended to connect the Wind Valley Habitat Patch to the existing
Along Valley Corridor. However, the way that the corridor was drawn created a disconnect between the two,
with the southern edge of the TSR corridor starting at the northern edge of the Along Valley Corridor with an
overlap of about 70m. The reason for this disconnect is that slopes >25° occur immediately south of the
southern boundary of the proposed TSR corridor. These slopes were assumed to be ineffective for wildlife
movement (RWCS 2002). This assumption appears to be incorrect based on current radio telemetry data, as
indicated by the cougar example provided above. Indeed, grizzly bears may require high-elevation habitat and
steeper terrain within corridors to ensure effective movement routes are protected at certain times of the year
(Chetkiewicz and Boyce 2009). In addition, the disconnect does not conform to the principles of good corridor
design and should have been resolved by bringing the 2 corridors in line and ensuring that a contiguous swath of
habitat was identified.
The TSR corridor was designed to include as much moderate, high, and very-high utilization areas as possible
based on carnivore and elk backtracking (RWSC 2002). However, this was not the only consideration. If it
were, the corridor would have skirted the Trans Canada Highway on the North Side of TSMV property to create
a link across into the Bow Flats Habitat Patch at Dead Man’s Flats (RWCS 2002, Figures 12 and 13). The
corridor would then have gone south along the far eastern portion of TSMV land to link to the Wind Valley
Habitat Patch. However, the RWCS (2002) part II indicates that this configuration was not chosen to “avoid the
possible future scenario with development on both sides of a corridor”. Yet, the corridor was then designed to
swing out and around a small ridge that extends east from Cairnes Creek. This isolated a pod of potentially
developable land. A second isolated development pod was created at the extreme southeast of the TSMV
property. These pods would be accessed via the established road leading to Alpine Resort Haven, increasing
traffic through the Dead Man’s Flats Corridor (see next section). The road would also have to be extended
through the proposed TSR corridor or the Wind Valley Habitat Patch to access the area adjacent to Cairnes
Creek. TSMV obtained permission from the Province to build such a road in a Memorandum of Agreement
dated 11 March 1994.
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Figure 1: Comparison between utilization distributions calculated from back-tracking and winter track count surveys.
Reproduced with permission from RWCS 2002.
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Figure 2: Proposed wildlife corridors shown with large carnivore back-tracking and utilization distribution for winter 1998/1999 to 1999/2000.
Reproduced with permission from RWCS (2002).
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It is not clear why development pods were isolated given the apparent concern the authors had about
development on both sides of a corridor (RWCS 2002), but it is clear that this constitutes poor corridor design
and that this practice contradicts the recommendations of the NRCB (1992). Specifically, the NRCB (1992)
indicates that corridors should remain as undeveloped as possible. Roads bisecting a corridor may create a
filter to movement and/or increase mortality risk for wildlife using the corridor. Although the 1992 NRCB decision
does not require consideration of wildlife habituation and human-wildlife conflict when locating corridors, such
consideration is prudent given that conflicts between people and wildlife are common in the Bow Valley,
sometimes with significant negative consequences for both (Chetkiewicz et al. 2006). An ideal situation from the
perspective of human-wildlife conflict for wildlife in the Bow Valley would be for aversive conditioning and
attractant management to reduce habitat suitability of developed landscapes to near nil, for wildlife to use
corridors of moderate quality near development for movement, and for high-quality habitat patches to retain
animals most of the time (i.e., the highest probability of selection for habitats should occur in habitat patches).
Given the potential for human-wildlife conflict, corridors consisting of high-quality habitat for wildlife should not be
placed through developable lands (i.e., with development on either side) unless no other option is available.
A better approach to corridor design would have been to link the existing Along Valley Corridor to the Wind
Valley Habitat Patch in as direct a line as possible, extending the corridor onto TSMV property where necessary,
but not isolating development pods. This approach would have been consistent with some of the
recommendations of the Bow Corridor Ecosystem Advisory Group (1999), which indicate that shorter, straighter
corridors are preferred. Unlike some of the specific prescriptions applied by BCEAG (1999), these general
principals are supported in the scientific literature (see Golder 2011 for a review).
One reason that the TSR corridor swings around the small ridge extending east from Cairnes Creek is because
utilization distribution maps indicate lower use of this area by wildlife. However, the edge of the utilization
distribution (i.e., the edge of the study area) always has a very low utilization distribution score. Using available
data only, movement into the Wind Valley is impossible given a definition of very low utilization as nonfunctioning habitat for wildlife corridors (RWCS 2002). This is clearly an inappropriate inference that results from
failing to account for the effect of study design on the data. A similar problem exists in the area east of Cairnes
Creek, which contains areas of very low utilization distribution scores for both elk and carnivore back-tracking
sessions. In the case of carnivores in particular, a number of snow tracking sessions in this area simply stop,
indicating either that the tracking session ended or began there. Additional data from those tracking sessions
alone might have resulted in higher utilization distribution scores. The potential for utilization scores to fail to
identify important linkages in the context of the Wind Valley is recognized by the RWCS (2002) when the authors
establish the potential importance of the Pigeon Mountain Corridor despite substantial areas of very low
utilization for both elk and carnivores (refer to the Pigeon Mountain Corridor section for more detail).
For all of the reasons presented above, the TSR corridor should not be designated in its current form, although a
corridor connecting the eastern edge of the approved Along Valley Corridor to the Wind Valley Habitat Patch is
required.

Dead Man’s Flats Corridor
The proposed Dead Man’s Flats Corridor is designed to provide a link between the Bow Flats Habitat Patch and
the Wind Valley. This goal is met by the portion of the proposed Dead Man’s Flats Corridor extending from the
Trans Canada Highway south to the Alpine Haven Resort and the proposed Pigeon Mountain Corridor
(RWCS 2002, Figure 14). This is an important linkage in the Bow Valley and is aligned with the recently
constructed G8 Legacy Underpass.
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The RWCS (2002) also indicates a preference that this corridor connect directly with the proposed TSR corridor.
The reason for this link is unclear. A corridor is required to ensure wildlife movement is maintained from the
terminus of the approved Along Valley Corridor to the Wind Valley Habitat Patch. Another corridor is required to
link the Bow Flats Habitat Patch to the Wind Valley Habitat Patch via the G8 underpass. It is not clear why a
corridor is required to link these two corridors given that wildlife can move unhindered between them through the
Wind Valley Habitat Patch.
Similar uninhibited movement through the proposed Dead Man’s Flats Corridor is not expected because this
corridor is bisected by the road leading to Alpine Resort Haven. As noted above, maintaining a road through a
corridor is likely to hinder movement and increase mortality risk. Wildlife should be encouraged to move through
places where roads are not present (e.g., the Wind Valley Habitat Patch). The reason this portion of the corridor
was designated remains especially unclear given that the NRCB (1992) and BCEAG (1999) call for minimal
human development within corridors and the RWCS (2002) explicitly attempted to conform to these guidelines.
Although wildlife movements were identified across the road leading to Alpine Resort Haven in the late 1990’s
when data for RWCS (2002) were collected, wildlife mortality is likely to increase and movement decrease with
increasing traffic if the portions of TSMV property isolated by the proposed TSR corridor were developed.
Because the portion of the proposed Dead Man’s Flats Corridor extending west from the road to the proposed
TSR corridor is inconsistent with the NRCB (1992) and with principles of optimal corridor design, it should not be
designated in any form. The portion of the Dead Man’s Flats Corridor extending south from the Trans Canada
Highway to the proposed Pigeon Mountain Corridor east of the road leading to the Alpine Haven Resort is an
essential part of a link between the Wind Valley Habitat Patch and the Bow Flats Habitat Patch and should be
designated in some form (see next section for more detail).

Pigeon Mountain Corridor
The proposed Pigeon Mountain Corridor extends south-east from the edge of the proposed Dead Man’s Flats
Corridor adjacent to the Alpine Resort Haven into the Wind Valley Habitat Patch. The proposed Pigeon Mountain
Corridor consists primarily of very low and low utilization distribution values for both elk and carnivores.
Although the RWCS (2002) states that “Areas of very low use are not considered to constitute viable corridor”,
the report recommends that this movement area be recognized as a third important corridor to be maintained in
the Wind Valley area. Just as with Wind Ridge, problems with sampling design, especially snow tracking
sessions beginning in the valley bottom and near the highway, may account for the lack of data in the southern
portions of the Pigeon Mountain Corridor. Resource selection function (RSF) models derived from telemetry
data obtained from grizzly bears, wolves, elk and cougars indicate that much of the habitat within the Pigeon
Mountain corridor maintains a relatively high probability of selection for these species (Golder 2011).
The Pigeon Mountain Corridor conforms to the recommendation of the NRCB (1992) that corridors be in as
undeveloped a state as possible and, when combined with the portion of the Dead Man’s Flats Corridor
occurring on the east side of the road leading to Alpine Haven Resort, provides a direct link between the Wind
Valley Habitat Patch and the G8 underpass at Dead Man’s Flats. Consequently, this combined corridor
(i.e., Pigeon Mountain plus Dead Man’s Flats east of the road) provides a critical link between the Bow Flats
Habitat Patch and the Wind Valley Habitat Patch and should be designated to ensure connectivity is preserved.
Because the ultimate pinch point in the corridor on the current landscape is the G8 underpass, which was not
present in 2002, it might also prove useful to widen the corridor to the east. Although this would include some
broken cliffs on the shoulder of Pigeon Mountain, probability of selection for this habitat is high for some species
at certain times of year (Chetkiewicz and Boyce 2009, Golder 2011) and animals can easily circumvent the cliffs
as they move toward the G8 underpass. In general, wider corridors are preferred over narrower ones
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(Beier 1995, Beier et al. 2008, Gillies and St Clair 2008). In the context of the Bow Valley where human use is
high, a wider designated corridor may permit greater control of human activity across a broader area. Reduced
human activity may be important for facilitating movement of wary species such as wolves (Paquet and Carbyn
2003).
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ATTACHMENT 5
A Complete List of Candidate Habitat Selection Models Tested for each
Indicator Species

Table 5-1: All logistic Regression Models Tested Describing Relative Probability of Grizzly Habitat Use
in the Bow Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

greenness elev elev2 builtup_300
elevnonveg_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600
golf_150 shrub_600 dens_roads_600 dist_builtup

-3081.709

13

6189.478

0

1.000

2

greenness cti elev elev2 builtup_600 nonveg_600
south_slope_600 dens_trails_600
forest_edge_600 herb_600 golf_600 shrub_600

-3120.4848

14

6269.039

79.56088458

0.000

3

slope_perc slope2 greenness builtup_300
elevnonveg_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600
golf_150 shrub_600 dens_roads_600 dist_builtup

-3128.5717

13

6283.204

93.7254

0.000

4

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600
elev elev2 shrub_150 conif_dens_600
nonveg_300 herb_600 golf_600

-3206.5371

12

6437.126

247.6475807

0.000

5

elev elev2 builtup_600 nonveg_600
south_slope_600 dens_trails_600
forest_edge_600 herb_600 golf_600 shrub_600

-3235.784

10

6491.604

302.1261369

0.000

6

slope_perc slope2 builtup_600 nonveg_600
south_slope_600 dens_trails_600
forest_edge_600 herb_600 golf_600 shrub_600

-3300.7906

10

6621.618

432.1393369

0.000

7

conif_dens_300 conif_open_150 golf_600
herb_300 nonveg_150 shrub_150
forest_edge_300 greenness

-3369.1823

8

6754.388

564.9101504

0.000

8

elev elev2 greenness forest_edge_300
south_slope_600 elevnonveg_150

-3434.9394

6

6881.893

692.4144186

0.000

9

slope_perc nonveg_600 conif_open_600
builtup_600 conif_dens_600 dens_trails_600
dens_tchwy_600 dens_roads_600

-3447.7796

7

6909.578

720.0994528

0.000

10

conif_dens_300 herb_600 nonveg_300 shrub_150
wet_shrub_300 forest_edge_300

-3464.013

6

6940.04

750.5616186

0.000

11

elev elev2 greenness forest_edge_300
south_slope_600

-3466.0931

5

6942.196

752.7178474

0.000

12

conif_dens_300 herb_600 nonveg_300 shrub_150
forest_edge_300

-3480.9999

5

6972.01

782.5314474

0.000

13

elev elev2 greenness forest_edge_300

-3482.9285

4

6973.864

784.3853389

0.000

14

herb_600 nonveg_300 shrub_150
forest_edge_300

-3503.8274

4

7015.661

826.1831389

0.000

15

cti greenness dens_roads_300 conif_dens_600
herb_150 shrub_300 nonveg_150 elev

-3589.6543

8

7195.332

1005.85415

0.000

16

dens_roads_600 dens_rail_600 dens_tchwy_600
dens_trails_300 dist_trails builtup_600 golf_300

-3614.9415

7

7243.902

1054.423253

0.000
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Table 5-2: All Logistic Regression Models Tested Describing Relative Probability of Wolf Habitat Use in
the Bow Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

elev elev2 builtup_600 nonveg_600
south_slope_600 dens_trails_600
forest_edge_600 herb_600 golf_600 shrub_600

-1432.9513

10

2885.962

0

0.715

2

elev elev2 builtup_600 south_slope_600
dens_trails_600 forest_edge_600 herb_600
shrub_600

-1435.8828

8

2887.804

1.842587542

0.285

3

slope_perc slope2 builtup_600 nonveg_600
south_slope_600 dens_trails_600
forest_edge_600 elev herb_600 golf_600
shrub_600

-1506.4972

10

3033.053

147.0918

0.000

4

builtup_600 nonveg_600 south_slope_600
dens_trails_600 forest_edge_600 elev herb_600
golf_600 shrub_600

-1517.5388

9

3053.126

167.1642546

0.000

5

builtup_600 nonveg_600 south_slope_600
dens_trails_600 forest_edge_600 elev

-1542.7409

6

3097.504

211.5426854

0.000

6

elev elev2

-1560.4291

2

3124.861

238.8997841

0.000

7

nonveg_600 south_slope_600 forest_edge_600
elev herb_600 golf_600 shrub_600

-1587.6359

7

3189.302

303.3401981

0.000

8

builtup_600 conif_dens_600 golf_600 herb_600
nonveg_600 south_slope_600 dens_tchwy_600
dens_roads_600 dens_trails_600
forest_edge_600 slope_perc

-1584.2177

11

3190.506

304.5446248

0.000

9

builtup_600 nonveg_600 south_slope_600
dens_tchwy_600 dens_trails_600
forest_edge_600 slope_perc

-1595.1367

7

3204.303

318.3417981

0.000

10

builtup_600 south_slope_600 slope_perc

-1665.1757

3

3336.358

450.3961987

0.000

11

builtup_600 nonveg_600 south_slope_600
dens_tchwy_600 dens_trails_600
forest_edge_600

-1670.9694

6

3353.961

467.9996854

0.000

12

nonveg_600 dens_tchwy_600 dens_trails_600
forest_edge_600 slope_perc

-1684.9568

5

3379.93

493.9680485

0.000

13

elev

-1698.2162

1

3398.433

512.471842

0.000

14

conif_dens_600 conif_open_600 herb_600
shrub_600 nonveg_600 wet_shrub_600
forest_edge_600

-1757.1458

7

3528.322

642.3599981

0.000

15

conif_open_600 herb_600 shrub_600
nonveg_600 forest_edge_600

-1768.2331

5

3546.482

660.5206485

0.000

16

slope_perc slope2

-1776.8833

2

3557.77

671.8081841

0.000

17

slope_perc

-1778.4301

1

3558.861

672.899642

0.000

18

herb_600 nonveg_600 forest_edge_600

-1794.8757

3

3595.758

709.7961987

0.000

19

builtup_600 golf_600 dens_roads_600
dens_trails_600 dens_tchwy_600 dens_rail_600

-1812.5503

6

3637.123

751.1614854

0.000

20

builtup_600 dens_roads_600 dens_tchwy_600

-1827.4681

3

3660.943

774.9809987

0.000

21

builtup_600 dens_tchwy_600

-1842.976

2

3689.955

803.9935841

0.000
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Table 5-3: All Logistic Regression Models Tested Describing Relative Probability of Elk Habitat Use in
the Bow Valley during Winter
Rank

Variables

LL

K

AICc

∆AICc

wi

1

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev elev2 dist_builtup
south_slope_600

-2894.7633

9

5807.542

0

1.000

2

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev dist_builtup
south_slope_600

-2914.6127

8

5845.238

37.69577123

0.000

3

golf_600 herb_150 elev dist_builtup
south_slope_600

-2963.62

5

5937.245

129.7033058

0.000

4

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev elev2 dist_builtup

-2990.8944

8

5997.801

190.2591712

0.000

5

conif_dens_600 shrub_600 forest_edge_600
golf_600 herb_150 elev dist_builtup

-2998.1809

7

6010.371

202.8294793

0.000

6

shrub_600 forest_edge_600 golf_600 herb_150
elev elev2 dist_builtup

-3003.2425

7

6020.494

212.9526793

0.000

7

conif_dens_600 shrub_600 forest_edge_600
herb_150 elev elev2 south_slope_600

-3186.1938

7

6386.397

578.8552793

0.000

8

herb_150 elev elev2 south_slope_600

-3468.4881

4

6944.98

1137.437824

0.000

9

builtup_600 golf_600 dens_roads_600
dens_trails_600 dens_tchwy_600 dens_rail_600

-3495.6274

6

7003.262

1195.720124

0.000

10

elev elev2

-3554.5764

2

7113.154

1305.61207

0.000

11

elev

-3564.8773

1

7131.755

1324.213197

0.000

12

slope_perc slope2

-3587.5027

2

7179.006

1371.46467

0.000

13

builtup_150 golf_600 dist_builtup

-3665.9425

3

7337.887

1530.345279

0.000

14

slope_perc

-3670.2088

1

7342.418

1534.876197

0.000

15

builtup_600 dens_roads_600 dens_tchwy_600

-3902.5856

3

7811.173

2003.631479

0.000

16

conif_dens_600 conif_open_600 herb_150
shrub_600 nonveg_600 wet_shrub_300
forest_edge_600

-3918.4542

7

7850.918

2043.376079

0.000

17

builtup_600 dens_tchwy_600

-4595.7579

2

9195.517

3387.97507

0.000

18

conif_open_600 herb_150 shrub_600
nonveg_600 forest_edge_600

-4688.2536

5

9386.512

3578.970506

0.000

19

herb_150 nonveg_600 forest_edge_600

-4894.8798

3

9795.762

3988.219879

0.000
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Table 5-4: All Logistic Regression Models Tested Describing Relative Probability of Cougar Habitat Use
in the Bow Valley during Winter
LL

K

AICc

∆AICc

wi

1

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 elev
elev2 shrub_150 conif_dens_600 nonveg_300
herb_600 golf_600 wet_shrub_300 cti

-1858.5621

15

3747.251

0

1.000

2

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 elev
elev2 shrub_150 conif_dens_600 nonveg_300
herb_600 golf_600 wet_shrub_300

-1870.0249

14

3768.161

20.9097522

0.000

3

builtup_150 forest_edge_300 dens_trails_300
dens_roads_600 dist_builtup south_slope_600 elev
elev2 nonveg_300 herb_600 golf_600

-1908.4438

11

3838.957

91.70637967

0.000

4

builtup_150 conif_dens_300 conif_open_600
golf_600 herb_600 nonveg_300 shrub_150
wet_shrub_300 elev elev2 cti south_slope_600
dens_trails_300 dens_tchwy_600 forest_edge_300

-2006.3315

15

4042.79

295.5388

0.000

5

builtup_150 conif_dens_300 conif_open_600
golf_600 herb_600 shrub_150 wet_shrub_300 elev
elev2 cti south_slope_600 dens_trails_300
dens_tchwy_600 forest_edge_300

-2014.9398

14

4057.99

310.7395522

0.000

6

builtup_150 conif_dens_300 golf_600 herb_600
nonveg_150 shrub_150 wet_shrub_300 elev elev2
south_slope_600 dens_trails_300 forest_edge_300

-2026.4977

12

4077.078

329.8268429

0.000

7

builtup_150 forest_edge_300 dens_trails_300
south_slope_600 elev elev2 shrub_150
conif_dens_600 nonveg_300 herb_600 golf_600

-2066.4095

11

4154.889

407.6377797

0.000

8

forest_edge_300 dens_trails_300 south_slope_600
elev elev2 shrub_150 nonveg_300 herb_600

-2126.1393

8

4268.316

521.0657458

0.000

9

builtup_150 nonveg_300 elev elev2
south_slope_600

-2165.5709

5

4341.158

593.9068281

0.000

10

elev elev2 south_slope_600

-2194.7422

3

4395.491

648.2399586

0.000

11

conif_dens_300 herb_600 nonveg_300 shrub_150
wet_shrub_300 cti forest_edge_300

-2210.3091

7

4434.648

687.396917

0.000

12

elev elev2

-2230.6256

2

4465.254

718.003604

0.000

13

conif_dens_300 herb_600 nonveg_300 shrub_150
wet_shrub_300 forest_edge_300

-2244.6305

6

4501.283

754.0323447

0.000

14

elev

-2267.8604

1

4537.722

790.4711018

0.000

15

herb_600 nonveg_300 shrub_150 forest_edge_300

-2297.0683

4

4602.147

854.8963663

0.000

16

slope_perc slope2

-2390.2767

2

4784.557

1037.305804

0.000

17

slope_perc

-2400.224

1

4802.449

1055.198302

0.000

18

builtup_150 golf_600 dens_tchwy_600
dens_trails_600

-2419.8161

4

4847.643

1100.391966

0.000

Rank

Variables
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