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Executive Summary
Management and Solutions in Environmental Science (MSES) was hired by the Town of Canmore to
provide an independent 3 rd party review of the Environmental Impact Statement (EIS) as part of the
Area Structure Plan (ASP), Land Use Zoning and Block Subdivision processes for the Three Sisters
Mountain Village (TSMV) lands. The EIS focussed on the potential impacts of the project on habitat
availability, wildlife movement and human-wildlife conflict. The primary comments MSES derived from an
analysis of the EIS relate to the analytical methods, data interpretation and recommendations on how
project management ought to progress in a sustainable manner. Overall, MSES views that the
information provided in the EIS could be enhanced in a manner that reduces uncertainty. With greater
details on adaptive management, the risk associated with this uncertainty can be alleviated, provided that
baseline data and mitigation options would be refined prior to the approval of the ASP. Specific
comments include:
 The EIS is based on the best compilation of available data regarding corridor functionality
around the TSMV lands produced to date.
 The three most critical issues identified in the EIS are habitat loss, impediments to wildlife
movement and increasing wildlife-human conflict.
 Baseline data on movement is inferred from habitat selection models which are based on
occurrence as opposed to movement; movement has not been measured.
 Data from telemetry, snowtracking and camera trap records have limited detections of several
species.
 Predictions of multi-species functionality within and upslope of the Along Valley Corridor are
unconvincing because:
o Data for upslope areas south of the TSMV are missing for most species.
o The argument that other studies had demonstrated animal movement on steep slopes is
not credible. This is because a wide body of scientific research indicates that animal
movements are driven by energetic decisions rather than the physical ability required to
travel through an area.
o Wolves, grizzly bears, and an unknown number of unmeasured species were not
detected in sufficient numbers to test for the effectiveness of mitigation in the future.
 Predictions of the primary mitigation measure, fencing, including its potential knock-on effect
to other residential areas, are uncertain and difficult to verify with existing data.
 More detailed monitoring programs are required to address the uncertainties of these
assumptions and predictions.
Uncertainty in the baseline data means that the predicted outcome of the project may be true, but
confidence in that assessment is low. Uncertainty also increases the risk that the effects of the project
will lead to undesirable outcomes. The EIS leaves substantial room to reduce the unknown and manage
the risk of uncertainty. To the extent possible, our analysis focuses on how existing data can be used to
address uncertainty, and how future monitoring and follow-up programs can minimize risk.
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1.0

Introduction

Management and Solutions in Environmental Science (MSES) was hired by the Town of Canmore to
provide an independent 3 rd party review of the Environmental Impact Statement (EIS) as part of the
Area Structure Plan (ASP), Land Use Zoning and Block Subdivision processes for the Three Sisters
Mountain Village (TSMV) lands. The EIS was written by Golder Associates Ltd. (Golder), on behalf of
PricewaterhouseCoopers (PwC), the receiver for the TSMV property. The TSMV lands include 600 ha
of undeveloped land holdings south of the Trans-Canada Highway between Canmore and Dead Man’s
Flats. The TSMV properties are surrounded by, or contain, environmentally sensitive areas, principally
critical wildlife corridors, but also important wetland habitats. The EIS examines a wide range of
environmental issues and concerns resulting from the development of the TSMV, with a focus on the
potential impacts on habitat availability, wildlife movement and human-wildlife conflict in the corridors
connecting the Wind Valley, Bow Flats and Quarry Lake Habitat Patches.
The Town of Canmore issued a request for proposals (RFP), which described a number of issues that
this review must cover. In this review, we extracted a series of questions that addressed the description
of issues in the RFP. MSES answered each question in three steps: 1) we summarized the conclusions
presented in the EIS; 2) we provided a scientific analysis on the evidence used to support Golder’s
conclusion; and 3) we provided recommendations that, if implemented, would help to ameliorate
information gaps in the EIS. Some of our analyses and recommendations derive from a technical
investigation of the EIS method. Details of these more technical aspects of our review are provided in a
series of appendices.
The EIS prepared by Golder incorporates, and ties together, a long history of field research, previous
development plans, and the involvement of different landowners and several public agencies. MSES
acknowledges the socio-political environment and complexity within which this EIS was prepared.
However, our role is to analyse and translate the scientific basis of the EIS with the overarching
objective being to assist our client, the Town of Canmore, to ensure they have the necessary tools and
approaches available to manage and mitigate future risks and potential impacts of the proposed
development. Our role is also to communicate our findings and recommendations to a diverse range of
audiences and stakeholders.

2.0

EIS Review Synopsis

2.1

EIS process

The TSMV EIS was the product of a unique process whereby MSES was directed by the Terms of
Reference (ToR) and the Town of Canmore to collaborate with Golder in the preparation of the EIS
and then to serve as the independent 3rd party reviewer for the final draft. MSES balanced the seemingly
opposing roles of collaborator and independent reviewer by expanding our review process, which
normally occurs after a complete EIS has been submitted to regulators, to provide questions and
comments on parts of the EIS made available over the last 2.5 months (records of our questions and
comments throughout this period are available from the Town of Canmore). All parties agreed that it
was left to Golder’s professional discretion to address our comments and suggestions as they saw fit.
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2.2

Primary Comments

The primary comments MSES derived from an analysis of the EIS relate to the methods and
interpretation of available data and how project management ought to progress in a sustainable manner.
Baseline data provided in the EIS need to be used as a foundation to develop testable questions in
monitoring and adaptive management programs. With greater details on adaptive management, the risk
associated with this uncertainty can be alleviated, provided that baseline data and mitigation options
would be refined prior to the approval of the ASP. We estimate that the time frame required for this
refinement is about two seasons of data collection and analysis.
The overarching findings of the review are that:
 Data on movement, as opposed to the current data on habitat preferences, need to be
collected and analyzed.
 Assumptions about movement on steep slopes need to be supported by empirical data from
the TSMV lands.
 Predictions of multi-species functionality within and upslope of the Along Valley Corridor need
to be supported by data for species additional to the four Key Indicators, including birds, in the
study area.
 Predictions of mitigation success and knock-on effects to other areas are uncertain and difficult
to verify with existing data.
 More detailed monitoring programs are required to address the uncertainties of these
assumptions and predictions.
Overall, uncertainty in the baseline data means that the predicted impacts of the project may be
accurate, but confidence in the impact assessment is low. Uncertainty also increases the risk that the
effects of the project will lead to undesirable outcomes. There remain numerous options, many of which
are not addressed in the EIS, to reduce the uncertainty and manage risks. To the extent possible, our
analyses have focused on how the existing data can be used to address uncertainty, and how future
monitoring and follow-up programs could minimize risk.

2.3

Adaptive Management Planning
‘If the consultant believes that the proposed design of the development and/or proposed
mitigation measures do not adequately address the short term, long term, and cumulative
impacts of the proposed development, recommend any appropriate additional mitigation
options, of whatever form, or changes to the design of the project, that would adequately
mitigate all of the identified anticipated impacts.’ (Town of Canmore RFP, Phase 2, bullet
2)

Uncertainty in the baseline data creates the risk that the project will have unintended impacts on the
environment. In the absence of better baseline data, the risk could be reduced by incorporating a
detailed adaptive management plan with a rigorous monitoring study and the identification of mitigation
thresholds and targets. The rigorous monitoring study would employ a sampling effort with sufficient
statistical power to distinguish between random changes and real changes associated with the project.
The identification of mitigation thresholds would result in the existence of predetermined amounts of
2
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change that would initiate management responses (e.g., a 10% change in corridor use for a given
species). Mitigation targets would provide guidance on the time and persistence of change (e.g., a 10%
restoration of corridor use within 5 years).
Monitoring programs should be implemented immediately to build on the information contained in the
EIS, and should be linked to a phased development plan. Phasing is a powerful approach to reducing the
inherent risk in the EIS, but receives scant attention in the proposed mitigation plans. There is discussion
in the EIS that development will proceed from west to east through the TSMV properties, but MSES
suggests phasing should also move north to south within each property. Development phasing, both
within and between, sites (i.e. Resort Centre, Site 7/8) is a possible means by which the Town of
Canmore could manage both the development of infrastructure at TSMV sites and potential impacts on
the wildlife corridors. Two to three management scenarios (i.e., final location of low density housing
near corridors and the final location of the fence) could be determined jointly among stakeholders and
the receiver as part of the ASP. The monitoring data collected during the initial phases of development
could then be used to inform final decisions on the location of low density housing or fencing in
subsequent phases of development. The goal would be to reduce uncertainty, and therefore risk, for
both wildlife use of the corridors, and developers. Furthermore, this approach will enable a scientific
assessment of the predicted mitigation success and allow for adaptive management as development
progresses.
While Golder recognizes the opportunity for ‘…an adaptive management approach to mitigation and
monitoring’ (p.161), MSES suggests that much greater detail is required because of the uncertainty
surrounding the current and future functionality of multi-species movement corridors and the projected
20 to 30 year timeframe to reach full build out. Moreover, the unproven efficacy and potential negative
impacts of the proposed wildlife exclusion fencing requires a precautionary approach to avoid negative
or unintended impacts on the environment. By outlining a pre-construction adaptive management plan
before the ASP is approved, building on the empirical analysis provided in the EIS, the level of risk
regarding corridor design and functionality should be reduced, and mitigation effectiveness should be
testable before full build out is reached.
We concur with Golder that a multi-stakeholder committee should guide the development and
implementation of the adaptive management program. Monitoring targets, mitigation thresholds, and
adaptive management approaches should be established as part of the ASP, and adjusted as required at
each subsequent phase of development by the committee.

3.0

EIS Review Questions

3.1

Q1. Are the wildlife corridors in and around the TSMV lands
currently functional and how will the development impact
their functionality into the distant future?

3.1.1

Current functionality

Golder concludes: With the exception of wolves, corridors are effective for all species (see Table 1).
No designated corridors were concluded to be effective for wolves. Current levels of human use in the
corridors and adjacent developments probably have an aversive effect on wildlife use and pose a threat
3
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to both humans and wildlife. The use of several different types of data (e.g., snowtracking, camera traps,
Global Positioning System (GPS) based telemetry) permits a ‘weight of evidence’ approach to reach
these conclusions with greater certainty than a single method.
Table 1. MSES interpretation of current functionality of wildlife corridors as described in the EIS
Site

Species

Potential
use(1)

Actual
use (2)

Golder conclusion (quote)

Page

MSES interpretation of
wording in EIS (not an
MSES Conclusion)

Along
Valley
Corridor

Grizzly
Bears

Low

Low

73

Effective

Wolves

Low

Low

82

Ineffective

Cougars

High

IC

The existing Along Valley
Corridor and slopes above the
corridor can support grizzly
bear movement
…conditions the Along Valley
Corridor fails to meet all of the
desired corridor functions for
wolves…
…can effectively support cougar
movement during all seasons

90

Effective

Elk

High

IC

… can effectively support elk
movement during all seasons.

98

Effective

Grizzly
Bears

Low

IC

…
support
movement.

grizzly

bear

73

Effective

Wolves

Low

Low

…nominally effective
existing conditions…

under

82

Ineffective

Cougars

High

High

…can effectively support cougar
movement during all seasons

90

Effective

Elk

High

IC

… can effectively support elk
movement during all seasons.

98

Effective

Grizzly
Bears

High

Low

73

Inconclusive

Wolves

Low

Low

82

Ineffective

Cougars

Low

IC

90

Effective

Elk

High

High

…grizzly bears use the Tipple
Across Valley Corridor and
habitat within it has a high
probability of selection during
summer
.. Tipple Across Valley Corridor
contains habitat values similar to
those used by wolves in the
Along Valley Corridor…
…can effectively support cougar
movement during all seasons
… can effectively support elk
movement during all seasons.

98

Effective

Stewart
Creek
Across
Valley
Corridor

Tipple
Across
valley
Corridor

(1)
(2)

MSES interpretation based on configuration and relative probability of habitat selection.
Refers to occurrence of camera trap, telemetry and snow tracking where applicable and
does not necessarily represent movement between patches. IC refers to ‘inconsistent’ or
lack of agreement among the snowtracking, camera trap, or telemetry data presented in
the EIS.

MSES analysis: We agree with Golder that most areas of the corridors are likely functional for
cougars and elk, and non-functional for wolves. We identify greater levels of uncertainty over
functionality for grizzly bears, which is explained below. The ‘weight of evidence’ approach as presented
in the EIS, increased uncertainty over Golder’s predictions because different lines of evidence were
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either poorly replicated or were inconsistent among all the empirical data sources presented in the EIS
(Appendix A & B). In other words, the ‘weight’ given to each data source in decision making was unclear
in the EIS.
We concur with Golder that an assessment of corridor functionality is best achieved through the use of
empirical data (i.e., information of where animals are and how they got there). The information obtained
by Golder for this EIS provides a powerful, and perhaps the best opportunity so far, to understand
wildlife habitat needs in the area because it can be used to track the actual movement (i.e., GPS
telemetry, snow tracking) or presence (i.e., camera traps) of an animal. We concur that Golder has
access to the best available raw data to address the question of corridor functionality and that their
analysis is a scientific advancement compared to those based on untested guidelines (see Appendix C &
D).
The primary function of the corridors is to facilitate movement between habitat patches; however, the
EIS has neither measured nor predicted the location or amount of movement through the project area
in a manner that enables evaluation of project impacts to occur in the future. MSES supports the use of
empirical data to assess corridor function; however, the manner in which Golder analyzed and
interpreted their raw data casts uncertainty over the current and projected impacts of this project
because:
 Movement patterns of wildlife, or models predicting these patterns, through the corridors
were not quantified and presented (see Appendix E & F).
 Patterns of corridor use were inconsistent between predicted (e.g., habitat model) and
observed use, including disagreement in patterns of observed use among different field data
(e.g., camera traps vs. telemetry).
 Poorly replicated observations of some species means that the power to detect a scientificallydefensible change in movement patterns is limited.
 Non-functional corridors for at least one of the four focal species (i.e., wolves), each of which
was chosen to represent broader but unstated ecological conditions, means that the corridors
for both that particular focal species and its ‘represented biodiversity’ are non-functional.
Given that the link between the focal species and biodiversity was not presented, this finding
suggests that the ‘multi-species’ criteria of the Along Valley Corridor and the two across valley
corridors are not being met.
 Habitat selection models developed for the focal species tested for the effects of
anthropogenic structures (e.g., roads, trails, and buildings) but these models did not
incorporate spatial or temporal patterns of human activity. Human activity was identified as
one of the greatest impacts of this project on wildlife, but no explicit analysis of how much or
where human activity influences wildlife movement was included in the analysis. For this, and
the reasons stated above, there is uncertainty over the accuracy of these habitat models to
describe current conditions (see Appendix F).
In order to measure the impacts of this project in the future, baseline data must be well replicated, must
measure relevant responses and must quantify the amount of uncertainty in predictions (see Appendix
A). For example, the use of a wildlife exclosure fence adjacent to the corridor is predicted to shift, but
not deter, the movement of wildlife through the study area - principally to the slopes into and above
(i.e., south of) the Along Valley Corridor. Such a prediction is valid, but so too is a prediction that
wildlife will avoid the area altogether (see Appendix E). In this example, the potential for the aversion of
5
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wildlife to the proposed mitigation increases the risk that the project will have unintended effects on the
environment. The EIS does not present data in a manner that permits testing of the predicted changes
to wildlife movement arising from the project.
MSES recommendation: Overcoming uncertainty in the predictions made by Golder is possible
through a more detailed analysis of movement patterns and greater sampling effort of existing
conditions. Analyses of movement patterns differ from the analyses in the EIS, which used habitat
selection models, camera trap detections and telemetry data. The methods used by Golder do not
provide information on how individuals arrived at their location or what factors affect the location of
preferred travel routes. This information is needed in order to understand where wildlife currently
travel, and to predict how changes to the landscape will shift movement patterns (see Appendix D).
Some of the telemetry data used in the EIS could potentially be incorporated into a movement analysis
(e.g., Step Selection Functions [Fortin et al. 2005]) and greater volumes of higher resolution tracking
data would improve the analysis further. Snowtracking, a method to document continuous movement
patterns, was only collected in sufficient detail for one of the four focal species (i.e., cougars).
Greater sampling effort is needed to reduce uncertainty in several predictions. This effort would expand
monitoring (see Question 10 & 11) of both wildlife and human activity to provide a testable baseline of
current conditions. For example, wolves and grizzly bears are present in the LSA but the EIS shows
little observed use in some areas. There were 3 snowtrack records for wolves, and use of the Along
Valley Corridor for grizzly bears is represented by 6 of 274 cameras (2%). In this example, the addition
of just one more snowtrack record increases the amount of observed wolf use by 33%, while one less
snowtrack record decreases the amount of observed use by 66%. Clearly, basing conclusions on such
sparse data speaks to the need to determine whether the area is either undersampled or simply not
being used by wildlife. Likewise, in the case of grizzly bear use of the Along Valley Corridor, it is unclear
if the low (i.e., 2%) use occurs because this species is difficult to detect on cameras, because there are
very few bears in the area, or because they are simply not using the area that often. Without greater
sampling effort it will be nearly impossible to determine whether the project mitigations lead to
increased use of the corridors by wildlife, as predicted by Golder.

3.1.2

Functionality in the future

Golder concludes: The EIS presented a list of mitigation measures, the most crucial one is a fence that
is predicted to manage and reduce human use of the wildlife corridor, and reduce human-wildlife conflict
within residential areas related to this project (Figure 55, p.127). With this mitigation in place, Golder
predicts that the impact from the proposed development on the wildlife corridor in combination with
existing and future developments will be lower than current impacts from human activity. The mitigation
is predicted to improve current functionality: “Along Valley movements within designated corridors, however,
may improve as a result of the fence” (p.147) and “changes to wildlife-human conflict for large carnivores and
elk may be neutral or positive relative to their current state” (p.150).
MSES analysis: We concur with Golder that human-wildlife interactions in the wildlife corridor are
presently an impediment to the functionality of the wildlife corridor. Given the proposed TSMV
footprint and the increase in the human population in the area, human-wildlife conflicts in the remaining
wildlife corridors will likely intensify. Therefore, managing human use in the wildlife corridor is an
important factor in maintaining and improving wildlife corridor functionality. MSES agrees that the
6
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fencing could indeed reduce wildlife-human interactions in the corridor. This is not only because of the
physical separation of humans and wildlife, but also because the heightened awareness of people who
enter the wildlife corridor through designated gates. There are other possibilities as well, including
decreased use of the corridor because of the fence, displacement of wildlife into adjacent unfenced
developments, and greater use of the corridor by people if the fence does not influence human use as
predicted.
The EIS provided limited insight into where people are currently accessing the corridors, though it has
been speculated by Golder. Unless those unidentified access points are closed and no more access
points are added, it is difficult to imagine that approximately 9000 new residents less than 1km away
from the corridor will not increase the amount and dispersion of human activity inside the corridor.
Moreover, the EIS proposes at least two additional access points, which in the absence of closing other
areas, at least doubles the potential dispersion of human activity. A critical information gap in the EIS is
an understanding of human use patterns, such as where people are travelling from (e.g., Canmore,
Calgary), and from which locations are they are accessing the corridor network. If human activity in the
corridor results from access points outside the spatial scope of this EIS, fencing may have little effect on
how the area is used by people in the future. Another challenge lies in the implementation of rules
governing how people should use the corridor, particularly when they do not reside within the TSMV
development.
While Golder proposed four options of the fencing design and location (Figure 55, p. 127), they did not
present impact assessments and details of mitigation design for each of the alternatives. Therefore, the
question arises whether each of the options represents an equally effective mitigation. If yes, then the
least expensive option would likely be chosen. If not, then costs would likely be balanced against
mitigation effectiveness.
MSES recommendation:
 Conduct site-specific research on human-use patterns, such as trailhead surveys, to determine
how to best manage access into the corridors.
 Suggest areas where the new trailheads and additional designated trails will occur in a manner
that facilitates the predicted increased use of the corridors by wildlife. Such designs must
address human recreational patterns and wildlife habitat requirements.
 The effectiveness of alternative fencing options should be evaluated prior to approval of the
ASP.
 Examples of the effectiveness of fencing to manage human use in the wildlife corridor should
be presented.
 The effectiveness of fencing needs to be evaluated in light of: 1) the possibility that people
would be able to enter the corridor from areas other than the development; 2) people who
do not reside in Canmore entering the wildlife corridor without the knowledge of the rules
that may apply within the corridor.
 Details of how the effectiveness of mitigation will work in the future are required. This topic is
discussed in our comments below.
 In light of the marginal functionality of the along and across valley corridors, both now and into
the future, the possibility that the exclusion fence may act to funnel wildlife into unfenced, but
populated areas of Canmore needs to be addressed. Human-wildlife conflict may increase in
other areas due to displacement from their preferred travel routes through the TSMV lands.
7
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 Details of how the effectiveness of mitigation will work in the future are required. This topic is
discussed in our comments below.

3.2

Q2. Is there enough detail in EIS to evaluate proposed land use
zoning and subdivision, as well as the ASP?

Golder concludes: There is sufficient detail in the EIS.
MSES Analysis: MSES understands this EIS is part of a ‘comprehensive’ planning process for the TSMV
lands, whereby a single impact assessment is to be detailed enough to accommodate multiple levels of
community planning (i.e. ASP, Land Use Rezoning and Subdivision). Normally, each community planning
level requires increasingly more detail about potential impacts and possible mitigations in order to
adequately understand the environmental impacts of a project from construction through to operation.
For example, in the 2004 Resort Centre ASP, details about development phasing are expressly put off
until the subdivision permitting stage.
PwC is using the current EIS to satisfy environmental assessment requirements at all three planning
levels with more stringent details required at more focused levels. Consequently, MSES has asked
Golder to provide considerably more detail than is normally provided for an ASP EIS, with development
phasing being tied to monitoring and adaptive management responses at each level being the best
example.
MSES recommendation:
 Monitoring targets and mitigation effectiveness should be outlined at the approval of the ASP,
and assessed and adapted at each new project phase (i.e., construction within a site, then as
construction moves from north to south within each site).
 EIS should propose and evaluate multiple options for the location of development pods and
corridor widths (i.e., fence location along south property boundary).
 Also see Questions 1, 3, 10, 11 for further considerations.

3.3

Q3. Is there enough detail in the EIS to ensure long term
monitoring and adaptive management will occur?

Golder concludes: The EIS presents a useful, albeit conceptual, framework for monitoring the
effectiveness of the wildlife corridor and for developing adaptive measures if monitoring indicates that
the mitigation does not perform as predicted in the EIS. The overarching objective of the monitoring
would be to assess the functionality of the wildlife corridor. Approaches to the proposed monitoring
would include deployment of remote cameras and snow tracking transects. Having learned from past
and current data collection approaches, Golder proposes a number of refinements to monitoring
methodology, including an expansion of the monitoring upslope of the designated Along Valley Corridor.
Golder proposes that the monitoring program be “directed by a stakeholder committee comprised of a
Government of Alberta representative (e.g., an ESRD biologist, Parks biologist), a representative of the Town of
8
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Canmore and a representative of the TSMV.” (p. 151). Golder believes that with adequate training and
supervision, components of the monitoring program would be suitable for the use of volunteers and
examples for where this was previously done are provided in the EIS. Data storage and analysis should
be led by Alberta Environment and Sustainable Develpment (ESRD). Funding for the program should be
provided jointly by the owner of the development and the Government of Alberta, given that the
monitoring would occur on both the TSMV lands and crown land. The owner’s portion of the funding
would be ensured by a homeowners association fee which would also fund the maintenance of the
fence.
MSES Analysis: The framework for follow-up programs proposed by Golder is meaningful. It
establishes a platform on which the details of the program can be built. The idea of the stakeholder
committee is important as this would amount to a permanent body that is responsible for the adequacy
of the data collection and analysis. In addition, through annual reports and possibly other
communications, the stakeholder committee would make the findings of the monitoring program public.
Although the currently proposed framework lacks detail in how data would be collected and analyzed, it
provides sufficient direction for the expeditious development of the final details. Expediency in
developing the program is crucial to ensure that the effectiveness of mitigation is understood prior to
the approval of the ASP. This is because the baseline information on the functionality of the corridor is
weak and not suitable for use in the testing of predictions claiming that corridor functionality will
improve in the future (see Question 1). For monitoring programs to test predictions about mitigation
effectiveness, it is essential that baseline data be of sufficient rigor and adequate statistical power, so that
future monitoring results could be compared against baseline conditions. Given the weakness of current
baseline data, the monitoring program needs to start at least two years prior to construction so as to
ensure that baseline data quality will be sufficient. As it stands, the most disconcerting weakness of the
proposed framework is the lack of concrete detail in the adaptive management approach. While some
ideas presented by Golder are meaningful, MSES concludes that triggers, thresholds and timeframes
must be established as part of the goals and objectives of the monitoring program.
MSES recommendation:
 Establish a stakeholder committee as proposed by Golder without delay. The committee must
be guided by Terms of Reference that set out the roles and responsibilities of participants, the
goals and objectives of the program, and the public reporting venues and schedules.
 The collection of baseline data must commence without delay.
 Data collection must be designed with sufficient statistical power. Such a design would a priori
analyze data on probability of detection to assess how many and how long cameras should be
deployed. Most likely the duration of camera deployment at a single site should be doubled
from current efforts.
 Data collection should expand from the spatial grid presented in Figure 57 (p.154) to include
Bow Flats, Quarry Lake and Wind Valley Habitat patches. This information is needed to
compare the relative use of habitat patches with that observed in the corridors. Moreover,
detail on seasonal/daily(diel) use and demographic information on wildlife (e.g., group sizes,
mother/offspring groups) must be addressed.
 An explicit, scientifically-defensible association between point data (camera traps) and
movement data must be made if camera trapping is going to be the preferred monitoring
method.
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 Given the prediction that the functionality of the corridor will improve after mitigation, a
reasonable trigger for adaptive management action would be the finding that the functionality
does not improve or is lessened. Data collection and analysis needs to be developed so as to
test for this finding.
 Milestones need to be developed to indicate the duration of monitoring required to detect this
trigger. For example, will adaptive management be triggered as soon as underperformance is
detected or only after two or three seasons of underperformance?
 Definitions need to be developed for when any given adaptive measure should be deemed
successful.
 Biologically meaningful triggers, thresholds and timeframes must be established as part of the
goals and objectives of the monitoring program.

3.4

Q4. What criteria, themes and linkages should be used for
evaluating impacts?

Golder concludes: Project impacts, specifically those relating to wildlife, should focus on habitat loss,
movement and wildlife-human conflict. Most of this effort was directed at a selected group of Key
Indicators (KIs) to evaluate the functionality of the corridors. These KIS include grizzly bear, wolf,
cougar, and elk. Golder believes that if the existing and future impacts on the movement of these four
species are understood, then other species are protected under the “umbrella” of these four.
MSES Analysis: MSES concurs with Golder that issues of habitat loss, movement and wildlife-human
conflict are the most important issues to assess in this EIS. MSES did not find a robust assessment of
how the project will impact wildlife movement nor a clear link between proposed mitigation, the
distribution of human activity and its effect on habitat use by wildlife.
The use of umbrella species is common practice in wildlife management. Particularly, a suite of species
with differing ecological requirements are often adopted as indicators for the performance of ecosystem
processes. However, the use of any species as an umbrella for other species needs to be supported by
evidence to show that indeed other species are protected under the umbrella approach. For example,
the movement of birds or meso-carnivores is not addressed in the EIS. These species are part of the
biodiversity for which the corridor is expected to be a conduit. Future management and protection of
biodiversity in this area would benefit from more information regarding the existing impediments to the
movement of a wider-variety of taxa.
MSES recommendation: More detail on the movement of animals in the study area is required to
establish an appropriate description of baseline conditions (see Appendix E). This description must: 1)
address the effects of terrain, disturbance (e.g., buildings, roads) and human activity on the travel routes
of wildlife in such a manner that permits testing of EIS predictions in the future; 2) draws clear linkages
between the KIs, other forms of biodiversity, including the movement, habitat needs and wildlife-human
conflict of other species; 3) demonstrate how human uses affects the movement and habitat use of
wildlife.
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3.5

Q5. Are the site-specific data gathered for the EIS adequate?

Golder concludes: That appropriate and relevant data were gathered to assess project impacts. These
data are empirical (collected in the field), and are an improvement over previous guidelines for
evaluating corridor efficacy.
MSES Analysis: We concur that Golder’s use of empirical data is a substantial improvement to
evaluating corridor function compared to past assessments. However, there are important gaps in the
data relating to the identification of focal species and predicted impacts of the project on movement and
human-wildlife conflict (see Question 1).
The analysis of raw data in the EIS, as in all science, is based on a subjective approach to include or
disregard particular methods, each of which give rise to a particular interpretation of how nature
functions. MSES disagrees with the manner in which the raw data were analyzed in the EIS, not because
of differences in preference for a particular statistical approach or because MSES holds an
unpragmatic/academic motivation towards research, but because the analysis in the EIS creates
substantial uncertainty over the description of existing conditions. This information gap increases the
uncertainty of this assessment and heightens the risk that the project will have unintended impacts on
the environment.
MSES recommendation: Uncertainty can be reduced through a more detailed and rigorous
description of current conditions and/or risk aversive adaptive management.

3.6

Q6. Is the Site Analysis and Issue Identification appropriate?

Golder concludes: Impacts to habitat loss, movement and wildlife-human conflict in the development
lands and corridors adjacent to the development (i.e., the Along Valley Corridor, and the Tipple and
Steward Creek Across Valley Corridors) are key issues and sites to asses.
MSES Analysis: MSES concurs with this identification of sites and issues; however, more detail is
required in the assessment of current conditions.
MSES recommendation: Uncertainty can be reduced through a more detailed description of current
conditions and/or risk aversive adaptive management.

3.7

Q7. Does the EIS consider all relevant environmental and
monitoring studies?

Golder concludes: All relevant environmental and monitoring studies were considered
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MSES Analysis: MSES concurs that, to our knowledge, the most relevant data sets were used in the
EIS.

3.8

Q8. Are the criteria used for evaluating short term, long term
and cumulative impacts of the development adequate?

Golder concludes: Golder provides quantitative information on population growth in Canmore since
the 1950s which indicates that there has been nearly a ten-fold increase in population over the past 60
years. For the RSA, Golder also shows the disturbance footprint (loss of natural vegetation) in hectares
being 2,560 ha in 2013, with an additional 206 ha expected to be taken up by future approved or
proposed projects. The increasing number of human-wildlife interactions is also presented by Golder
(Figure 26, p. 62). According to Golder’s analysis, “The Project will add 131 ha of physical disturbance, which
represents <1% of additional disturbed habitat within the RSA” (p.174). Moreover, there would be “361 ha
of habitat inside the wildlife exclosure fence, total habitat loss in the RSA will be 1.6% of the RSA for large
mammals” (p.170)
MSES analysis: The information on cumulative effects in the EIS helps to understand intuitively that the
impacts on wildlife in the RSA are increasing, in some cases exponentially, indicating that there is
increasing urgency in finding mitigation measures that successfully alleviate existing impacts in the region.
However, the information presented by Golder is not helpful in understanding quantitatively and
objectively the nature of the impacts in the future, for at least four reasons:
1) While Golder’s numbers of habitat removed show <1% and 1.6% of the RSA for the Project
footprint and exclosure fence, respectively, the percentages are much larger when compared
to the existing disturbances. At 2,560 ha disturbed in 2013, the project footprint alone
represents an increase of 5% and the exclosure fence an increase of 14% of anthropogenic
disturbance in the RSA over current conditions.
2) Further to the future increase of the potential for impacts on the wildlife corridor, it is useful
to consider the increase in the human population. The current population of Canmore is
estimated to be 12,969. At full build-out the TSMV development may add, conservatively,
approximately 9,000 people. This is nearly a 75% increase compared to current conditions.
Given that human-wildlife interactions appear to be increasing exponentially (Figure 26, p. 62),
this increase in the human population may result in a several fold increase in human-wildlife
interactions compared to current conditions.
3) The additional problem with Golder’s presentation of cumulative effects is that their
calculations of past current and future disturbance do not include zones of influence (ZOI)
(see Appendix D). Even if the zone of influence was assumed to be only as little as 200m
around anthropogenic footprint, the disturbance would be considerably more than those
presented in the EIS. A zone of influence should be added to the anthropogenic footprint of all
disturbances including trails and exploration lines, past, current, and future.
4) There is no information on how the project in combination with other past, current, and
future projects may affect wildlife movement. The most fundamental question to be addressed
in this EIS is the functionality of the wildlife corridors. However, the cumulative impact
assessment, while presenting the effects on habitat availability in the RSA overall, does not
present any quantitative information on the impacts of the project on movement in the
12
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corridor. (see Appendix E) As it stands, the information presented on the cumulative effects
on corridor use is poor, if not understated. However, the information is sufficient to highlight
the urgency with which any future wildlife protection plan must be carefully designed and
implemented prior to ASP approval.
MSES recommendation:
 Baseline data collection and analysis of movements in the corridor (not just presence and
absence of animals) must commence without delay. High fix-rate GPS collars (e.g., every
30mins) to measure movement of at least the two most critically affected focal species, the
wolf and grizzly bear, should be deployed without delay.
 The data collection and analysis of movements must be conducted throughout the monitoring
program that is overseen by the stakeholder committee.
 Fencing of the property must be considered carefully in terms of its design. For that reason,
the fencing options (presented in Figure 55, p.127) need to be assessed for their potential
success in mitigating and reducing human-wildlife interactions as part of the ASP approval
process.
 Educational programs need to be developed to ensure that people remain on designated trails
and keep their dogs on leash when entering the wildlife corridor.

3.9

Q9. Does the EIS properly consider the impact of FireSmart
forest thinning?

Golder concludes: Golder states that Town of Canmore FireSmart forest thinning practices,
specifically clearing deadfall and limbing trees within 2m of the ground, will ‘occur along the southern
border of the project within 100 m of the property line.’ (p.171). They predict that FireSmart may facilitate
wildlife movement within the corridor, but likely won’t increase sensory disturbance within the
corridors.
MSES analysis: It is unclear if the EIS proposes that FireSmart principles be applied within TSMV
property boundaries, inside the wildlife corridors, or both. For example:
‘The application of FireSmart thinning and the development of enhancement sites both within and above
the corridor…’ (p. 137)
‘Lots along the wildlife corridor interface will retain as much native vegetation as possible, within the
constraints of FireSmart regulations…’ (p. 140)
‘FireSmart, such as tree limbing and understorey vegetation clearing, may facilitate movement of wildlife
by reducing physical barriers to movement (e.g., deadfall).’ (p. 145)
It is the understanding of MSES that FireSmart is the Town of Canmore’s formal responsibility but in
practice is carried out by developers as a condition placed by the Town at the block subdivision planning
stage. It is unclear if ESRD has granted permission for FireSmart to occur within the wildlife corridors.
These details should be addressed before the construction of subdivisions begins near wildlife corridors
on TSMV properties.
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Just as Golder suggests that FireSmart may improve movement for wildlife in the corridor, they also
note that ‘clearing also has the potential to increase sensory disturbance in corridors within 100 m of a property
line by reducing the barrier effect of thick vegetation.’ (p. 145) These are both qualitative statements, and so
it is unclear if or how much movement will be expected to improve, or how much of an increase in
sensory disturbance is tolerable.
MSES recommendation:
 Confirm that FireSmart forest thinning will occur on TSMV lands and not within the wildlife
corridor; or,
 Demonstrate that ESRD approves forest manipulation by the developer(s) within the
established wildlife corridors.
 In conjunction with the development plan (Figure 2, p. 6), please provide more details
regarding exactly where forest manipulation will take place so jurisdictional issues and potential
wildlife impacts can be properly assessed.
 Collect quantitative data on potential positive and negative impacts of FireSmart activity in and
around the corridor in terms of sensory disturbance and effective corridor width. These
baseline data are critical in order for future follow-up and monitoring programs to accurately
assess potential project-related impacts.

3.10

Q10. Is there a need for further environmental work to
substantiate impact predictions or follow-up programs prior to
construction?

Golder concludes: Golder proposes mitigation measures based on the best available information. A
framework for monitoring and follow-up programs is at a conceptual level. The details for design and
implementation of follow-up programs are proposed to be designed and implemented by a stakeholder
committee.
MSES Analysis: The follow-up programs require a great deal more detail. A particular weakness is the
lack of quantifiable baseline data that is needed to compare to quantifiable monitoring results in the
future (see Question 3, 4, and 8 above). This comparison is required to manage the risk of uncertainty
in current predictions and assumptions regarding the effectiveness of mitigation.
MSES Recommendation: The uncertainty in current predictions can be managed by collecting
additional baseline data before construction begins, and by considering monitoring options additional to
those proposed in the EIS, as follows:
 Conduct trailhead surveys to understand who uses the trails and how.
 Study the impact of FireSmart on wildlife movement.
 Account for differences in species detection rates in camera trap study design. Data from
Alberta Innovates indicates that cameras should be left in place for at least 6 weeks to reduce
the likelihood of missing an elusive species even when it is present in a location.
 Camera location grid should include adjacent habitat patches.
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3.11

Q11. Is there a need for mitigation options additional or
alternative to those proposed in the EIS?

Golder concludes: Golder presented information on the impacts and mitigation for one development
scenario. The development footprint is presented in Figure 2 (p. 6), but there is no direct indication that
the project will progress in a phased manner or how phasing will progress. This is particularly noted
where Golder states that “If problems with mitigations for the project are uncovered as a result of monitoring,
these learnings and solutions can be applied to subsequent phases of the project.” (p.161) The only specific
mention of how phasing may progress in the EIS is that development will occur from west to east (i.e.
Resort Centre first, then Site 7/8). (p. 161) The EIS concludes that a crossing structure is needed at the
Stewart Creek Across Valley Corridor, but does not recommend one for the Tipple Across Valley
Corridor.
MSES Analysis: Twenty to 30 years to complete all phases of the proposed development provides
considerable opportunity to identify and manipulate phasing and scheduling options within each site.
However, the EIS presented and assessed a single project design. Mitigation measures have been
proposed for this design but there is no consideration of alternative or additional designs for the
development. The project footprint and layout, and the proposed phasing of the project, offer numerous
opportunities for additional evidence-based mitigations to be implemented. Golder’s brief mention on
p.161 of the potential to learn from initial project phases suggests that mitigation measures will be
applied, including the exclosure fence, during the first phase of the project. Subsequently, the
effectiveness of mitigation measures could be assessed by comparing monitoring results with baseline
data and, as Golder suggests on p.161, the results from the monitoring of the first phase could be
applied in the design of mitigation for subsequent phases in an iterative manner.
In addition to changes in the development plan, fencing and other described mitigations in the EIS, MSES
proposes that all parties (provincial government agencies, Canmore and other municipalities) develop
funding and plans to construct a wildlife overpass at the Trans-Canada Highway west of Dead Man’s
Flats near the northern end of Site 9. Improving across valley connectivity here would serve a number of
purposes including: 1) reducing the requirement for connectivity between Wind Valley and Bow Flats to
occur within the proposed development lands; 2) mitigate against the cumulative effects of development
within the Bow Valley, as especially those proposed to occur in the future, such as in Dead Man’s Flats.
By improving connectivity between Wind Valley and Bow flats habitat patches in this manner, the
potential risk of the development on the reduction of across and along valley corridor movement could
be reduced. Though future research is needed to confirm this, wildlife appear more likely to use this
area as a travel route because it is much shorter and flatter than across valley travel through the Tipple,
and Stewart Creek Corridors. This area is also very close to known and preferred movement routes
along the powerline corridor transecting the Wind Valley, and so likely provides for one of the more
natural wildlife corridors in the area. Finally, if ecologically-relevant wildlife movements can occur via this
secured route, without travel through the TSMV area, it reduces the potential for human-wildlife conflict
in the Tipple, Along and Stewart Creek Corridors. While there exists two wildlife underpasses in the
area (e.g., the Stewart Creek underpass and the G8 Legacy Underpass), data presented in the EIS
suggests that these structures appear comprised or ill-suited for wildlife movement of all focal species.
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Compared to underpasses, overpasses have additional efficacy (as proven in nearby Banff National Park),
which is risk-aversive for a project with high levels of uncertainty.
Finally, MSES notes that the EIS indicates there will be substantial increases in vehicle traffic along the
Three-Sister Parkway through the Tipple Site and through the now traffic-less Stewart Creek Across
Valley Corridors. The EIS identified the need to address this effect on wildlife movement through the
two Across Valley Corridors; however, there is a substantial gap in what types of mitigation are
proposed and which are feasible. Improving safe-crossings for wildlife includes everything from road
signs, which have negligible effect on wildlife safety but are fairly inexpensive, to wildlife crossing
structures that are highly effective and cost millions of dollars (Beckman et al. 2010).
A much greater emphasis is needed in the EIS to describe the design, implementation and feasibility of
various options for crossing structures at Tipple and Stewart Creek Across Valley Corridors. Wildlife
crossing structures in Banff National Park cost about $75/m 2, such that recent overpasses built near
Lake Louise cost about $6.5 million each. Even as proposed, with one crossing structure at the Stewart
Creek Across Valley Corridor, this mitigation measure may more than double the cost of the fencing.
Moreover, following the same logic Golder identified for an additional Stewart Creek crossing structure,
there will be a need to improve wildlife connectivity at the Tipple Across Valley Corridor in light of
projected traffic volume increases. An analysis of the feasibility, costs and proposed designs of these
structures is missing from the EIS.
MSES recommendation:
 Use a phased approach to development within and between sites. Build west to east among
sites, and north to south within sites. Provide clearly defined schedules and milestones for each
phase before the ASP is approved.
 Identify alternative development layouts that would allow for the adaptive management of the
corridor and fence efficacy as the project develops. The final location of low- density housing
and the fence along the southern boundary of the Resort Centre and Site 7/8 could be
established based on results from the monitoring program.
 Identify safe and additional across valley movement options at Tipple, Stewart Creek and Dead
Mans flats in light of predicted changes in traffic volume.
 Evaluate and compare the relative impacts (after mitigation) of each alternative
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APPENDIX A – Uncertainty

Appendix A. Uncertainty
To understand the short-term, long-term and cumulative impacts of this project requires the
measurement of a baseline (e.g., current) condition with which to compare future conditions. An
essential component of an objective or scientific comparison between baseline and future conditions is a
confident measure of relevant and quantifiable indicators of change.
Indicators are confident when enough observations have been made to identify if observed levels of
change are due to inherent and unmeasured variability in the data (i.e., random effects) or because of
project impacts. As fewer observations are made, the level of uncertainty in the data increases. For
example, there is much greater confidence in the estimate of average height if 1000 people are
measured instead of 5, even if the average of the two groups is the same. Similarly, in the EIS, few
observations of wolves and grizzly bears, and no data on movement rates through the corridors,
increases the uncertainty over the assessment of functional corridors.
Indicators of change are relevant when they can directly measure the impacts of the project compared
to baseline conditions. As these indicators become ever more approximations of actual conditions, their
measurement provides less information about project impacts. For example, in general, there is a
relationship between height and weight in people, but exceptions are obvious. If measurements of
weight are used to estimate the height of people, this measurement would be correct some of the time,
but would also be inaccurate other times. Similarly, in the EIS, habitat selection is being inferred as
functional movement through the corridors. There is probably some relationship between habitat
selection and animal travel routes, but this relationship is not presented in the EIS.
Indicators of change are quantifiable when objective values are used to interpret the measurement.
Objective values are those that everyone can agree to are true, but as indicators become more
subjective, the level of uncertainty increases because there is no standard for which one person’s
version of reality is more accurate than another person’s. For example, one person may say someone is
tall and another person could say the person is short, but both could agree that the person is 5’10”.
Similarly, in the EIS, functionality is suggested because the focal species ‘can’ use the corridors and will
continue to do so after the project is complete; MSES agrees that this is true, but “can” use means
nothing more than a probability >0. Anecdotally, the chances that a valid lottery ticket is a winner and
that the sun will rise tomorrow, both have a probability >0. A more useful representation of corridor
functionality, both current and future, is based on probabilities of movement between habitat patches.
Finally, uncertainty means that the predicted outcome of the project may be true, yet confidence in that
assessment is low. Uncertainty also increases the risk that the effects of the project will lead to
undesirable outcomes. There are three ways this uncertainty can be addressed:
1) Status quo: risks are inherent but not managed;
2) Reduce the unknown: improve the understanding of baseline conditions by increasing some
combination of confidence, relevance, and objectivity.
3) Manage the risk: mitigation can be applied to reduce the degree of risk inherent in predictions
made with low confidence.
The EIS leaves room to reduce the unknown and manage the risk of uncertainty.

APPENDIX B – Site Specific Analysis

Appendix B. Analysis of current and future predicted movement of focal species in the
designated corridors and development area.
The use of habitat selection models (e.g., Resource Selection Functions [RSFs]) provides some
information about factors associated with the relative probability of use of an area by an animal. The
probability of use is relative to other areas on the landscape and is based in the amount of observed use,
as measured in time (e.g., telemetry locations), relative to the amount of available habitat, as measured
in space. For example, animals are considered to avoid a habitat type occupying 25% of the landscape if
<25% of the telemetry locations occur in that habitat type.
There are essentially 3 types of habitat that derive from RSF studies: selected, avoided, and neither.
Selected habitats are used in greater proportion than their availability, avoided habitats are used less
than available, and the third category means that use is proportionate to availability. The RSF data in the
EIS presents about 5 categories of selection for each focal species, but usually only “High” or
“Moderate-High” are used to their availability or greater, the rest are avoided. As such, the colours
displayed in the RSF maps should be interpreted as gradations in the relatively probability of use, keeping
in mind that 1-2 categories are not avoided and that some categories displayed as green are avoided.
The EIS relies upon the use of habitat selection to infer corridor functionality and movement routes;
however, there are a series of untested assumptions linking different levels of habitat selection (as
measured using RSFs) with the preferred movement routes of wildlife (see Appendix E). To the limited
extent that movement patterns can be inferred from habitat selection probabilities, an analysis of how
these various probabilities are arranged in space may offer some insight on the location of preferred
travel routes through the project area. Such information is missing from the EIS, which broadly assumes
that the amount of habitat selection in a given area (e.g., Tables 10, p. 70; 11, p. 84; 12, p. 85; 13, p. 92
in the EIS) confers functionality, rather than the spatial arrangement of predicted habitat selection. For
example, an area with a ‘high’ probability of selection surrounded by an area of avoided habitat is
unlikely to be used by an animal. To help demonstrate this information gap on movement in the EIS, we
consider the spatial configuration of habitat selection values and make inferences about preferred travel
routes for each species, both currently and after the project is completed.
Grizzly bears
EIS Reference: Fig. 28, p. 65. Areas of habitat suitability ranked Moderate-High and below are avoided to
varying degrees. Moderate-high habitats are almost used to their availability but still avoided (Fig 10,
Golder 2012).
Description
Tipple Across Valley Corridor [TAVC]: Dominated by selected habitat.
Along Valley Corridor[AVC]: Western area adjacent to the TAVC is selected, but avoided habitats
comprise the western terminus, most of the area adjacent to Resort Center through to the eastern
end. A few small (ca. 100’s of meters) patches of selected habitat occur adjacent to the Stewart Creek
Golf Course.
Stewart Creek Across Valley Corridor/ Stewart Creek Road Connector [SCAVC]: Strongly avoided habitats
comprise most of the area between this site and the Along Valley Corridor.
Resort Center [RC]: Strongly avoided areas in the built-up sections on the SW portion, selected habitats
occur on the ca. 50% of this parcel N,NE of the Three Sisters Parkway.
Stewart Creek [SC]: Dominated by selected habitats.
Site 7/8: Majority is avoided habitats. Sections of selected habitat adjacent to Stewart Creek Road
Connector, Stewart Creek, and the SE portion adjacent to Site 9.

Site 9: Dominated by avoided habitat.
Conclusion[note: lowercase roman numerals in the statements reflect the location in the map, Fig. B1]
Movement through the AVC and SCAVC is currently compromised by a large proportion of avoided
habitat at the Stewart Creek Golf Course (i), with similarly avoided habitats upslope of the AVC (ii).
Access into the selected habitats adjacent to the Tipple Site (iii) requires movement through avoided
habitats at the western terminus (iv), central portion (i) and eastern end (v) of the AVC. Movement into
the TAV will be further compromised by increasing road traffic on the Three-Sister Parkway which
bisects this corridor. Movement into the eastern end of the AVC via less-avoided habitats must occur
through Site 7/8 (vi), which would be compromised by development. Site 9 provides marginal habitat
value for this species, except for the powerline corridor which appears to be heavily used as animals
move from the Wind Valley towards the Trans-Canada Highway (Fig. 29). It is unclear from the model
structure why the uncompleted golf course at the RC (vii) has much greater avoidance than the adjacent
Stewart Creek Golf Course.

iv

iv
iii

P

vii

i
ii

P

P

i

P

vi
v

v

Figure B1. Summer Grizzly Bear Resource Selection Function
Wolves
EIS Reference: Fig. 35, p. 78. Areas of habitat suitability ranked Moderate and below are avoided to
varying degrees (Fig. 13, Golder 2012).

Description
Tipple Across Valley Corridor [TAVC]: Dominated by avoided habitat.
Along Valley Corridor[AVC]: Small patches of selected habitat occur at the termini, and a ca. 2km section
between Three-Sisters and Stewart Creek Valleys.
Stewart Creek Across Valley Corridor/ Stewart Creek Road Connector [SCAVC]: Dominated by avoided habitat.
Resort Center [RC]: Dominated by avoided habitat.
Stewart Creek [SC]: Dominated by avoided habitat.
Site 7/8: Dominated by avoided habitat.
Site 9: Small (ca. 500m wide) and discontinuous patches of selected habitat occur at the borders of Site
9.
Conclusion[note: lowercase roman numerals in the statements reflect the location in the map, Fig. B2]
Movement through the TAVC, AVC and SCAVC is currently compromised for wolves, as avoided
habitat comprises the majority of these sites. Isolated patches of selected habitats are present up slope
in the Three Sisters and Stewart Creek Valleys (i). It is unlikely these sites offer benefits for connectivity
in this system because of their distance from probable movement routes.
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Figure B2. Winter Wolf Resource Selection Function
Cougars
EIS Reference: Fig. 40, p. 87. Areas of habitat suitability ranked High are selected, Moderate-High are
used to their availability and ranks of Moderate and below are avoided to varying degrees (Fig. 17,
Golder 2012). In this case, non-avoided habitat refers to High and Moderate-High relative probabilities
of selection.

Description
Tipple Across Valley Corridor [TAVC]: Avoided habitats occur adjacent to the river.
Along Valley Corridor [AVC]: The majority of the north-western portion is selected habitat. Avoided
habitats occur in the vicinity of the current Stewart Creek Golf Course and in a ca. 1km area on the
southeastern terminus of the AVC.
Stewart Creek Across Valley Corridor/ Stewart Creek Road Connector [SCAVC]: The entrance to this
underpass is dominated by avoided habitat, but the area immediately adjacent to the underpass is
selected.
Resort Center [RC]: Dominated by avoided habitat, except for the portion north of the Three-Sisters
Parkway.
Stewart Creek [SC]: Dominated by avoided habitat.
Site 7/8: Dominated by non-avoided habitat.
Site 9: Dominated by non-avoided habitat.
Conclusion [note: lowercase roman numerals in the statements reflect the location in the map, Fig. B3]:
The TAVC and the SCAVC are compromised for cougars due to avoided habitats near their termini. It
is unlikely that movement will occur from the AVC into the underpass due to highly avoided habitats at
the southwestern end of the existing Stewart Creek Golf Course (i). Movement from the AVC through
the TAVC is also unlikely due to the avoided habitat adjacent to the Bow River (ii). Avoided habitats
may reduce movement within the AVC near SCAVC (iii), but adjacent selected habitats upslope of the
AVC likely provide secure and proximate alternative movement routes along the valley. The
southeastern terminus of the AVC is dominated by avoided habitat (iv), so the most likely access from
the Wind Valley into the AVC occurs through Site 7/8 (v).
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Figure B3. Winter Cougar Resource Selection Function

Elk
EIS Reference: Fig 45, p. 93. Areas of habitat suitability ranked High are selected, Moderate-High are used
to their availability and ranks of Moderate and below are avoided to varying degrees (Fig 15, Golder
2012).
Description
Tipple Across Valley Corridor [TAVC]: Dominated by selected habitat.
Along Valley Corridor [AVC]: Dominated by selected habitat.
Stewart Creek Across Valley Corridor/ Stewart Creek Road Connector [SCAVC]: Dominated by selected habitat.
Resort Center [RC]: Dominated by selected habitat.
Stewart Creek [SC]: Dominated by selected habitat.
Site 7/8 [S7/8]: Dominated by selected habitat.
Site 9 [S9]: Dominated by selected habitat.
Conclusion[note: lowercase roman numerals in the statements reflect the location in the map, Fig. B4]:
Movement: All corridors are comprised of selected or non-avoided habitats, and so appear to function
for this species.

Figure B4. Winter Elk Resource Selection Function

APPENDIX C – BCEAG Corridor Guidelines

Appendix C. Analysis of methodology to evaluate corridor function
There appears to be substantial support for Bow Corridor Ecosystem Advisory Group (BCEAG)
guidelines among the public, so an understanding of the relationship between these guidelines, the EIS
and animal movement is worth considering. Management guidelines are useful in so much as they
provide a common starting point to formulate planning options, but they ultimately need to be tested by
science if they are to provide reliable management outcomes. When disagreement over the utility of
guidelines occurs, as per the EIS and BCEAG prescriptions of corridor function around the TSMV
property, it is worth revisiting available evidence to create new standards. BCEAG guidelines were
designed to address land use planning throughout the Canmore area, though there actually appears to
be little room left for future development that may affect corridors once the TSMV ASP has been
resolved. In addition, BCEAG guidelines explicitly do not apply to TSMV, nor is the EIS adhering to its
principles to evaluate corridor functionality. MSES believes because guidelines will have limited
applicability in this project, that the development of new guidelines is less useful than understanding how
animals are most likely to move through the landscape in the project area.
Of the more salient discords between BCEAG guidelines and conclusions of the EIS is the interaction
between slope and width, particularly along the southern edge of the Along Valley Corridor (AVC)
which abuts or is overlapped by steep (>25°) slopes. Under BCEAG guidelines, these slopes reduce the
effective width of the corridor but the EIS demonstrates use of such areas be several species. Here we
briefly review evidence presented in the EIS for the adoption or abandonment of the slope and width
guidelines.
Slope
There is compelling evidence presented in the EIS that slopes >25° are not barriers to movement,
though there appears to be greater use of flatter areas for all focal species. This information is most
clearly shown in the results of the GPS telemetry study. Among the collared animals from the four focal
species, the use of slopes >25° is 43% (of the time) for grizzly bears, <5% for wolves, 28% for cougars,
and 0% for elk. These values reflect estimates from the EIS, but it is unclear how season may increase
or decrease the use of steep slopes. For example, grizzly bears may use steeper slopes in the non-berry
season (e.g., EIS Figure 31, p. 69), indicating that use of flatter areas on the valley bottom may be greater
than 57% for some seasons.
The often stated argument that areas with >25° slope are used by animals on ‘Wind Ridge’ and
elsewhere (e.g. EIS p. 67), and so ought to be used on the >25° slopes above the AVC, discounts a
number of factors that may interact to affect an animal’s use of slope. In the case of Wind Ridge, use of
steep slopes may be explained by a number of factors, including: trail use by humans, proximity to other
high use areas, and aspect (i.e., what direction the slope faces). A multivariate approach, similar to that
used by Golder in the development the RSF, is one way to model all of these factors at once. However,
an ideal multi-variate approach will measure variables most likely to affect movement. Where such data
are unavailable, the use of corroborative evidence can be helpful if taken in context.
Wolves, the most sensitive of the four focal species to human activity, were shown to use steep slopes
to avoid a fenced golf course in Jasper National Park (Shepard and Whittington 2006) and this example
was used to support the idea that these animal’s can use steep slopes. However, the response observed

in the Jasper study was of a demographically functioning wolf pack adjacent to a golf course with 2
buildings on it, along the valley bottom and over a distance of about 2km. This example is being applied
to the TSMV development, where wolves are expected to use the Along Valley Corridor at the same
ore greater levels after project completion. However, compared to the Jasper example, wolves in the
AVC will move along a corridor 4x longer, adjacent to 9000 more people and almost 4000 more
buildings.
Just as Golder 2012 and the EIS argue that the singular prescription for avoidance of slopes over 25° is
overstated, so too is the evidence that use of slopes in one area, ipso facto, means that all slopes over or
less than 25° will be used to similar amounts. Whether or not they intend to, both BCEAG and the EIS
cast the use of slopes over 25° as a binary response: BCEAG suggests that areas >25° are non-functional
for wildlife; while the EIS suggests that because the probability that such areas will be used is >0, it
means that corridors are functional even if they are comprised of areas >25°. A more useful portrayal of
corridor functionality considers how often features on the landscape are used, and specifically, how
often features in the LSA are used.
In general, all focal species are found at slopes <25° more than 50% of the time, and on average among
the four focal species the use of slopes >25° is about 20%. In other words, the chance that these
animals are found in the flatter areas (i.e., <25° slope) is 4x greater than the chance they will be found
in steep areas (areas > 25° slope), irrespective of how they arrived in those areas. There is no summary
information presented on use of slopes within the LSA itself, but visual examination of the GPS
telemetry vectors in Figures 31 (p. 69) & 46 (p. 94) indicate very little along valley movement for grizzly
bears and elk in areas within and above the AVC, while Figure 41 (p. 87) and 43 (p. 89) shows a much
greater propensity for movement in these areas by cougars. Most movement along the valley occurs
within the Resort Center, Site 7/8 and Stewart Creek rather than the AVC. Development at these sites
with fencing will either displace along valley wildlife movement into the AVC and areas above, or wildlife
will simply stop moving along the valley in this area (see Appendix E). Unless species’ preferences
change, and based on the information presented in the EIS regarding observed use of this landscape,
wildlife movement could be reduced by 60% on average (6% for bears, 90% for wolves, 44% for cougars,
and 100% for elk) if wildlife are required to use >25° slopes. Clearly all focal wildlife species can use
slopes >25°, the more relevant question is whether the areas left available for the movement of wildlife
should have inherently low probability of use.
Width
Theoretically, a wildlife corridor needs only to be slightly wider than an animal to permit movement. For
example, large carnivores use narrow (3.0m x 2.4m) wildlife underpasses along the Trans-Canada
Highway (Clevenger and Waltho 2005). In the context of corridors in the project area, width is more
intuitively and meaningfully considered as having some effect on the probability of both encounter and
passage by wildlife. All else being equal, a wider corridor will be encountered more often than a
narrower one (Beier 1995); less clear is the role of corridor width in facilitating or impeding movement
once an animal has entered it.
No prescriptions on the effect of corridor width on probability of use were offered in the EIS, though
evidence from a study on root voles in a manipulated lawn experiment were presented to suggest that
moderate corridor widths optimize probability of movement (e.g., Andreassen et al. 1996). While this

study presents compelling evidence that a 1m corridor is optimal for the movement of a 50g vole, a
linear, allometric scaling (e.g., the relationship between body size and behaviour) of this relationship to
the focal species in the EIS, suggests that the optimal corridor width for a 250kg grizzly bear is 5000m.
Following such a prescription is highly impractical for the sustainable development of this project and
stresses the need to understand how wildlife actually travel through the study area.
There is evidence that biologically effective corridors are present in the LSA and examination of these
may offer some guidance for understanding project impacts. For example, Figure 31 (p. 69) shows an
area north/northeast of Site 9 that is heavily used by grizzly bears. Here, directed movement along the
same axis occurs within an area ca.100m wide, likely along the powerline corridor. At the Resort
Center, there also appears to be a heavily used travel route (i.e., movement pathways are oriented along
the same axis) for grizzly bears, but movements here occur over a width of slightly more than 1km.
Taken together, this information suggests that wildlife will naturally follow very constrained movement
patterns if local habitat structure facilitates this response, and will likewise expand the width of linear
movement in other areas. The constraints on movement are probably driven by interactions between
topography and vegetation. Thus, in addition to understanding the myriad factors that drive movement
patterns (e.g., species, age, sex, body condition of individuals), empirically-based prescriptions on
corridor width need to address site specific conditions. An analysis of factors driving the movement
response of animals in the project area are absent from the EIS.
Another important consideration is that as corridor width increases there is typically a lower chance of
a wildlife-human encounter because there is more space within which people and wildlife can avoid one
another. The prediction that wider corridors may prove safer than narrower ones assumes, among
other things, that habitat within the corridor is equally likely to be used by an animal. As the probability
of habitat selection decreases within a corridor, the less ‘effective’ width there is, leaving fewer areas for
humans and wildlife to avoid encounters with each other.
Predicted encounters between humans and wildlife arising because of the project may take the form of
people moving within the development or on adjacent trails in the corridor. The focal species in the EIS
have documented aversive response to people at distances >400m (i.e., Flight Initiation Distance [FID],
see Appendix C) leading to relocation up to 2km after encountering people for some species. Reducing
the chances of an encounter requires effective corridor width that is greater than the FID, and includes
opportunities for wildlife to safely relocate themselves once an encounter has occurred. Safe relocation
requires proximity (e.g., <2km) to areas off limits to people, containing high quality habitat.

APPENDIX D – Zones of Influence

Appendix D. Zones of influence: spatial adjustments by wildlife as a function of distance to
human activity
The corridor concept implies that habitat contained therein is suitable for animal use and is surrounded
by a hostile or impermeable matrix (Hilty et al. 2006). As suggested in the EIS and BCEAG guidelines,
there may be some interacting features that combine to affect the suitability of the corridor for
movement. For example, as habitat quality decreases or as length of the corridor increases, width
should be increased to improve the likelihood of use (Beier 1995). Wildlife crossing structures along the
Trans-Canada Highway vary in size from 4m to 60m and all are used to vary degrees by the focal species
(Clevenger and Waltho 2005); however, their short length (ca. 50-100m) and location along known
animal travel routes probably offsets the negative effect of their narrow width on animal use. As
mentioned in the EIS, it is difficult to predict how animals will perceive and use corridors based on these
structural attributes alone.
A more informative approach would be to first locate corridors along preferred movement routes,
which would maximize probability of an animal encountering one of the corridor termini (Beier 1995).
If the corridor is located along a preferred travel route, and habitat within the corridor is suitable for
use, then the remaining uncertainty over its use by animals can be explained by the contrast of habitat
suitability between the matrix and corridor (Fahrig 2007). Because animals can perceive and avoid the
environment at a distance, the probability of use may decrease when aversive stimulus occur in the
adjacent matrix, i.e., sensory disturbance. The distance at which the aversive response occurs can be
used to inform the minimum dimensions of a biologically effective corridor (Figure D1-D2; Table D1).
Previous studies have measured the distance at which animals exhibit an aversive spatial response to
human activity. The Flight Initiation Distance (FID) is one metric that can inform aversion to human
activity. Typically, a researcher approaches an animal and documents the distance at which the animal
flees. In other cases, changes in the distance from a marked animal to a specific feature were measured
during periods of high and low human activity. Some studies also documented the time taken or
distance travelled until pre-disturbance activity levels returned. Habitat type, wind direction, sex, age and
health of the animal, as well as baseline levels of interaction with people all combine to affect the FID in
some cases. Note that there are other forms of aversive responses to human activity that may affect
survival, such as changes in feeding or probability of a physical attack, but these are not considered here
to affect movement through a corridor. Further note that FID is a liberal measure for the effect of
human activity on density; i.e., it represents the distance over which an immediate response to people is
observed. Long term aversive responses may extend over much greater distances (Malo et al. 2011).
Here we provide a brief review of FID or similar metrics of aversion to human development or human
activity focusing on three focal species in the EIS. This analysis assumes that disturbances within the
matrix will occur 100% of the time; however, daily (i.e., diel) activity shifts in animal behaviour may offset
the probability of an aversive response occurring due to proximity to development alone.
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Figure D1. Conceptual illustration of how flight initiation distance may affect the corridor width. Matrix
1 contains stimuli that elicit an aversive response in animals, whereas Matrix 2 is an area that is avoided
or inaccessible but does not contain an aversive stimulus.
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Figure D2. Conceptual illustration of how flight initiation distance (FID) and corridor width
influence corridor function. Relative to (A), the FID is 2x as big in (B) but the corridors have the
same available (e.g., designated) width. Relative to (A), the available corridor width in (C) is 2x larger.,
but the FID are the same. The areal extent of an aversive response is (A) 50%; (B) 75%, (C) 30% of the
available corridor width. These values quantify the loss in corridor effectiveness due to disturbance in
the adjacent matrix for different combinations of FID and corridor widths.

Table D1. Examples of how FID can model changes in corridor effectiveness.
FID (m)
200
200
200
200
200
200
200
200
200

Total width of corridor (m)
200
300
400
500
600
700
800
900
1000

Reduction in effective width
100%
67%
50%
40%
33%
29%
25%
22%
20%

400
400
400
400
400
400
400
400
400

200
300
400
500
600
700
800
900
1000

100%
100%
100%
80%
67%
57%
50%
44%
40%

Grizzly bears:
1) Distance to nearest trail increased from 500 to 550m, and 860 to 901m for females and males,
respectively during the period of increased human activity. Distance to nearest human use
feature (campground, picnic area, etc) increased from 604-994m and from 1204-1259m for
females and males, respectively during the period of increased human activity (Gibeau et al.
2002).
2) FID to an approaching human on foot was 58-172m (95%CI for mean of 115m) for active
bears, and the distance increased with decreasing cover. Dispersal distance following flight
response was 0.95-1.4km (95%CI for mean of 1.2km) (Moen et al. 2012).
3) Aversive behaviour to people on foot was noted at distances >150m for 88% of occurrences.
When accounting for baseline levels of human activity, aversive responses occurrences occur
63% of the time in high human use areas and 100% in low human use areas (McLellan and
Shackleton 1989).
Wolves:
1) Human activity greater than >2 people/hr on trails led to avoidance of areas <400m from trails
(Rogala et al. 2011).
2) Mean flight response distance was 106m, leading to displacement up to1.2km within an hour
(Karlsson et al. 2007).

Elk:

1) Human activity greater than >2 people/hr on trails led to avoidance of areas <800m from trails
(Rogala et al. 2011).
2) Wisdom et al. (2004) found the probability of an elk flight response declined rapidly when
hikers were beyond 500 m.
3) Cassirer et al. (1992) flight at 400m from skiers in low use area and displaced 1.7km from
disturbance.

Summary
To function as a multi-species corridor, the minimum corridor width should be large enough to facilitate
movement for the species with greatest FID. While values vary among studies, conservative estimates of
the FID for the focal species are roughly: 200m, 400m, 800m for bears, wolves and elk, respectively.
Comparable data on cougars was unavailable, but the FID is likely closer than wolves given the tolerance
of cougars to human-modified habitats. Given that elk appear to readily habituate to people (EIS Figures
49, p. 97; 50, p. 98), FID values of 400m should be used to determine the effect of adjacent development
on corridor effectiveness. Conversely, because wolves already infrequently use the LSA, a more
pragmatic FID could be based on grizzly bears. At a 200m FID, the minimum width for the corridor
comprising selected habitat or habitat used in proportion to its availability should be at least 400m wide
to maintain 50% effectiveness (Table D1). As the proportion of avoided habitat increases in the corridor,
its designated width should increase in order to maintain acceptable levels of effectiveness.

APPENDIX E – Movement Vector Analysis

Appendix E. Measurement of spatially-explicit movement patterns.
The intention of the Bow Valley corridor network is to facilitate the safe movement of several species of
wildlife between habitat patches. In this way, functionally is ideally measured by:
1) The rates and locations of movement from one habitat patch to another, which can be used to
evaluate if corridors are used by wildlife for their intended purpose.
2) The relative amount of movement through corridors versus movement through other areas on
the landscape to understand the importance of corridors for movement within the broader
landscape.
3) Tracking a sample of individuals (e.g., >10 for large carnivores, >30 for small mammals) from
several species representing different habitat requirements to understand if corridor use
reflects population-level movement.
These measurements are absent from the EIS, though some of the data used therein could help to fill
these information gaps. Indeed, the closer that the baseline data in the EIS becomes to actually
measuring the movement of animals from one patch to another, the more accurately it will describe
corridor function, thereby lessening the risk and uncertainty in the EIS as a whole.
Data on animal locations (e.g., GPS telemetry points, camera trap records) differ from data on animal
movements (e.g., snow tracking, GPS telemetry vectors) because point data typically do not provide
information on preferred travel routes (but see EIS, Figure 54, p.103). For example, Figure E1 shows
GPS telemetry points in the vicinity of the Resort Center (EIS, Figure 30 p. 68). The purple points show
the location of grizzly bears during the non-summer season, with clusters of points well upslope of the
Along Valley Corridor (AVC). These points clearly illustrate the use of the area above the AVC,
presumably in areas with steep (>25°) slopes; however, a qualitative examination of the vectors
connecting these points indicates that movement upslope of the AVC typically occurs perpendicular to
the AVC. In other words, typical movement in the area upslope of the AVC is perpendicular rather than
parallel to the AVC. Given that the AVC is designed to facilitate movement between the Wind Valley
and Quarry Lake Habitat Patches, this example suggests that the area upslope of the AVC is not a
suitable extension of the AVC in this area because typical movement patterns during this season do not
reflect connectivity between habitat patches at the valley bottom.
We consider below an example from the grizzly bear telemetry data presented in the EIS to highlight
how the lack of detail on movement patterns creates uncertainty over the interpretation of corridor
function and the predicted impacts of the project. We present this analysis using language based in a
scientific, hypothesis-driven approach to evaluating the impacts of this project.
A key mitigation measure is the use of wildlife exclosure fencing to redirect animal movements away
from buildings (EIS Figure 55, p. 127). There are three apparent and non-mutually-exclusive hypotheses
to explain how the fence will affect wildlife movement. The ‘Reflective Hypothesis’ argues that the fence
will channel movements through the corridors. The Reflective Hypothesis has been implicitly adopted in
the EIS, which predicts that movement rates in the corridor will increase following the development of
this project. Alternatively, the ‘Repellent Hypothesis’ argues that wildlife already use preferred travel
routes and that the inaccessibility of the preferred travel routes will impede movement. The Repellent
Hypothesis predicts that a reduction in movement through the landscape will be proportionate to the

loss of areas currently utilized for movement. Finally, the ‘Adaptive Hypothesis’ argues that wildlife will
be both repelled and channeled to varying degrees as different individuals adapt to new areas available
for movement; the Adaptive Hypothesis predicts that overall rates of movement through the project
area will decrease at first, but there will be greater use of the corridor with time. A version of the
adaptive hypothesis may have also been implicitly adopted in the EIS.
These predictions are illustrated below using Grizzly Bear telemetry data presented in the EIS. The
purpose of this analysis is to emphasize the need to collect suitable baseline data for evaluating the
predicted success of mitigation measures. Three important caveats are required to understand this
simple illustration, including:
1) GPS vectors represent a coarse approximation of actual movement pathways, though in this
case of grizzly bears, recorded fixes are either 1/hr or 0.5/hr (Golder 2012), which is fairly high
resolution data for this species (EIS, Figure 30, p. 68);
2) We focus on one species in one part of the study area to represent these hypotheses, but
suggest that the study area be divided into areas where testing these predictions offers the
greatest return on sampling effort. For example, at the termini and mid points of the corridors
and areas where effective corridor width may be compromised;
3) The actual measurements used in this illustration were counted from a visual examination of
Figure 30 in the EIS (p. 68). The actual measurement of these values is possible through the
data used in the EIS.

Figure E1. Focal area for this assessment. Green arrow indicates axis of observed movement.

Note in Figure 1 that the orientation of most movement vectors through the Resort Center and Along
Valley Corridor [AVC] during the summer season is parallel with the AVC. Also note the orientation of
movement vectors in areas south and west of the AVC. Generally speaking, use of high elevation areas
upslope of the AVC do not suggest these areas facilitate along valley movement between the Wind
Valley and Quarry Lake Habitat Patches, rather it is suggestive of access to an attractant (e.g., den site,
food patch, carcass), likely via movement up the Stewart Creek and Three-Sisters Creek valleys,
perpendicular to the axis of the AVC.

Figure E2. Illustration of the Reflective Hypothesis.

Figure E2 shows the predicted effect of mitigation (e.g., fencing) at the Resort Center for the Reflective
Hypothesis. Here, animals will be displaced or ‘reflected’ away from their observed travel routes into
the AVC and slopes above. Under this hypothesis, use of the AVC and areas upslope should increase
following mitigation because movement between habitat patches is still occurring at the same or greater
frequency. The location of observed travels routes simply shifts upslope from the Resort Center into
the AVC and above. Moreover, use of the AVC may increase further if mitigation has the predicted
effect of structuring human activity in a way that facilitates wildlife movement.

Figure E3. Illustration of Repellent Hypothesis.

Figure E3 shows the predicted effects of mitigation at the Report Center for the Repellent Hypothesis.
Here, known travel routes are made unavailable through fencing and development, which deters
movement between habitat patches or displaces animals into adjacent and unmitigated developments
(e.g., Peaks of Grassi, Cairns on the Bow). Travel will continue to occur within the AVC at levels similar
to pre-development conditions. Conservatively, if wildlife such as grizzly gears avoid buildings or human
activity at a distance, as indicated by the EIS and elsewhere (see Appendix C), the footprint of the area
made unavailable for travel may be larger than the mitigated area itself. Consequently, we also examined
the potential change in movement under a predicted Zone of Influence of 200m adjacent to the Resort
Center boundary.

Figure E4. Illustration of the Adaptive Hypothesis.

Figure E4 illustrates the Adaptive Hypothesis; here, mitigation at the Resort Center will repel some
movements, particularly in the early stages of project operations, but some movements will be reflected
upslope into the AVC . Over time, the proportion of movements occurring in the AVC and upslope will
increase relative to those repelled at lower elevations. In other words, movements between the Quarry
Lake Habitat Patch and the Wind Valley Habitat Patch will decrease at first, less so than what is
predicted in the Repellent Hypothesis, and increase over time to match pre-development levels as
predicted by the Reflective Hypothesis.

Figure E5. Quantifying the distribution and amount of movement

Figure E5 shows an arbitrary ‘transect’ (red line) perpendicular to the AVC, leading from the Bow River
upslope and ending at an area providing a conservative doubling of the AVC width. Movement rates
were quantified by estimating the number of intersecting movement vectors along the transect. The
transect was subdivided by areas encompassing the predictions of these hypotheses: River (Blue), Resort
Center (Red), AVC (Orange), above AVC (Brown). The approximate extension of a 200m Zone of
Influence into the corridor is show in the gray box. The River and Resort Center areas will be
unavailable to use by wildlife under proposed mitigation plans.

Table 1. Summary of predicted changes in movement
Predicted proportion of movements per hypothesis [count]
Reflective
Transect
subdivision

Approximate
length of
transect
subdivison
(m)

Approximate
observed
movements
(count)

Approximate
observed
density
(count/m)

Proportion of
total
movements

River

500

4

0.008

0.14

Resort
Center

1000

14

0.014

Along Valley
Corridor

750

7

Above the
Along Valley
Corridor

1500

3

Repellent

Adaptive

Without
ZoI

With a
200m ZoI

Early

Late (3)

0

0

0

0

0

0.50

0

0

0

0

0

0.009

0.25

0.54 [15] (1)

0.25 [7]

0.07 [2]

0.40 [11] (2)

0.54 [15] (1)

0.002

0.11

0.46 [13] (1)

0.11 [3]

0.11 [3]

0.29 [8] (2)

0.46 [13] (1)

>0.00

-0.64

-0.82

-0.32

0.00

Net change in movement (proportion of movements)

(1) Proportion of River and Resort Center movements redistributed by length of upslope transect.
(2) The mean value of predictions made for Reflective and Repellent (no ZoI) Hypotheses.
(3) Time to adapt is likely species-specific and depends on the buildout schedule of the project. For grizzly bears this may take several generations, as was
observed with use of crossing structures for on the Trans-Canada Highway (Clevenger and Ford, 2010), or in as little as one year, as was observed with
wolves in Jasper National Park (Shepard and Whittington, 2006).

Summary
This analysis was designed to highlight the need to collect data and test predictions relevant to the
proposed hypotheses regarding operational project impacts. Table 1 shows that predicted decreases in
movement may range from positive (>0%) to a reduction of 85%. The absence of data to test these
hypotheses demonstrates the need to improve the description of baseline conditions along with a
scientifically defensible mitigation and monitoring program; or, to design the project with greater
emphasis on risk management to address this uncertainty. At this point there are equally viable
hypotheses predicting how the project may impact wildlife use of the corridors, some of these
predictions lead to dramatically different outcomes.
While an ideal baseline data collection study would include high resolution tracking of animals from
several species (e.g., using GPS telemetry), the use of surrogate point data may be applicable if a
statistically significant association with between movement is made. Such an association is absent from
the EIS. Moreover, point data must be sampled with enough effort to detect meaningful levels of change;
the capacity for data to detect a real change in parameter (e.g. amount of use in the AVC) given that one
actually occurred is known as statistical power. Power is low when there is high sampling variance in the
estimated parameter because sampling error confounds estimates of change; low power due to high
variance can be decreased through additional observations (i.e., greater sampling effort). For example,
there is probably enough power to detect change of AVC use by cougars and elk with the data
presented in the EIS, though no power analysis has been provided. Furthermore, there are no point data
recorded for the area above AVC for any species, a key shortcoming highlighted by Golder. At current
levels of monitoring, there is unlikely to be enough statistical power to detect changes in use of the AVC
and other corridors for wolves and grizzly bears.
The EIS relied upon an analysis of habitat selection to evaluate corridor functionality. In general, this
analysis concluded that most corridors were functional for all species but wolves. Indeed, habitat
selection models offer little guidance to test the hypothesis described above because they do not assess
the observed or probable travel routes of the focal species. For this and other reasons, there are high
levels of uncertainty that wildlife will behave as predicted in the EIS. For example, if the area above the
AVC is to function as an effective widening of the designated AVC, that is, to facilitate movement
between the Wind Valley and Quarry Lake Habitat patches, it will require animals to traverse highly
complex terrain, including ascending and descending through about 11 drainages with steep slopes.
Conversely, wildlife moving through the valley bottom, as illustrated in EIS Figure 30 (p. 68), have to
traverse about 3 shallow drainages over the same distance. The expectation that wildlife prefer to use
areas of highly complex terrain for interpatch (e.g., non-feeding) movement is counter to the vast body
of literature suggesting that energy limitation is a driving force in the movement and abundance of most
organisms (Stephens et al. 2007). Understanding how terrain and human activity combine to affect
movement is a critical and missing information gap in the EIS.

APPENDIX F – Habitat Selection Models

Appendix F. Technical comments regarding habitat selection models

Delineation of availability in creating habitat selection models
Relevance to project: To the extent that RSFs will be relied upon in this EIS to evaluate corridor
functionality, it is important that the biological meaning of RSF model outputs is clear. The extent of
availability will always be arbitrary in a use-availability analysis, but that does not preclude a stronger
biological interpretation of what areas are considered available. A more appropriate definition of
availability is likely to change the inclusion or exclusion of explanatory variables in the best-fitting
RSF models and it will certainly change the magnitude and direction of predictors (Beyer et al.
2010).
Rationale: Inferring habitat selection in a use-availability design (Golder 2012) assumes that all
available habitat types are equally accessible to the animal (Garshelis 2000). Consider, for example,
two locations equidistant in space from an animal, but one location occurs on the opposite side of a
physical barrier to movement. Without considering accessible habitat, only one location is actually
available to use by the animal. Moreover, a coefficient for habitat selection in this case would
indicate positive selection for the accessible location, even though the inaccessible location may be
preferred if the animal could access it. This hypothetical example illustrates an important point in
the delineation of accessible habitat because distance to the animal per se is not a valid measure of
availability when inferring movement from RSFs.
The extent of availabilities described in the EIS do not appear to conform to actual habitat
availabilities for any of the focal species. Such a biologically inappropriate extent of availability biases
the model selection coefficient. Beyer et al. (2010) demonstrate that without changing the number
or distribution of 'used' locations, increasing the extent of availability will change the sign of the RSF
coefficient. In other words, by simply increasing the extent of availability, the model prediction
shifts from selection for, to avoidance of, a given habitat type. Therefore, the extent of availability
used in analyses must clearly represent the biological availability of space to an animal.
The biological justification for the extent of availability used in Golder (2012: Figures 5,6,7,8) is
unclear. The extent of availability used in Golder (2012) appears in some areas to track a minimum
convex polygon of used locations, then shift to a height of land, then track political boundaries. This
confusion is furthered when Golder (2012) state that they are purposely selecting animal locations
during periods when high-elevation habitats are avoided. In so doing, vast areas of high elevation
habitat are included as available where few if any observed locations are found (e.g., Golder
2012:Fig 5 includes as available: the summit and far west side of Mount Rundle, and summits of
Mount Inglismaldie and Mt. Peechee and about ¼ of Lake Minnewanka). It is not surprising then
that model selection procedures showed strong avoidance of elevation. A more biologically
relevant delineation of availability could provide confidence that the relative probability of habitat
selection is driven by differential space use, not a statistical artifact.
Recommendation: Please select a more biologically relevant area of availability and provide a
figure showing both the distribution of available points and used points. In this case, a biologicallyrelevant area may be bounded by treeline (ca. 2300m), a 95% isopleth of the utilization distribution
from observed locations (e.g., Horne et al. 2007) or the boundaries of the modelling extent.

Model selection procedures to create a RSF surface
Relevance to project: The identification of current conditions within the TSMV lands should
relate important landscape features associated with use by wildlife. The subjective definition of
'important features' means that habitat selection models can be formulated from arbitrary
information and predictor variables that vary in relevance to project impacts. A more meaningful
approach to model selection and presentation of results would test hypothesis relating to factors
unlikely to be affected by the project (e.g., topography), factors affected by the project (e.g., human
use, settlement), factors associated with linear disturbance (e.g., trail use, road traffic) and factors
associated with foraging, migratory movements and other behavioural states of the species. These
structured hypotheses would lead to the development of models that assess a variety of impacts
that can be mitigated and better illustrate how the project will create residual impacts for wildlife.
Rationale: Model selection procedures using information-theoretic approaches are commonly
applied to habitat selection studies, such as Golder (2012), and have a strong foundation of
empirical and theoretical testing (Manly et al. 2002). The premise of this procedure is to utilize a
metric of model fit (e.g., the log-likelihood) and penalize models for each predictor variable using an
index score, such as the Akaike Information Criterion (AIC; sometimes seen as AICc when
corrected for sample size). The AIC score thus provides a quantitative means to optimize bias and
variance of the candidate models (Anderson 2008).
Model selection using the approach of Golder (2012) weights the relative change in AIC scores
among candidate models and the model with the lowest AIC score is chosen because it is seen as
the most parsimonious and best-fitting option. There are at least three issues with this approach
that require further clarification. First, because model selection using the information-theoretic
approach is based on the relative fit of candidate models, predictor variables that explain more
variance in the data will be ranked higher. However, this procedure discounts information from
other predictor variables if they have 'relatively' less explanatory power. Golder (2012) rightly
excludes highly-collinear variables from occurring within the same model, such as slope and
elevation. These two variables are typically correlated in mountainous areas and inclusion in the
same model would bias coefficient estimates (Anderson 2008). Elevation is an omnibus variable,
associated with a wide host of biologically important information in mountainous landscapes,
including: slope, temperature, wind exposure, humidity, precipitation, vegetation communities,
substrate, distance from human development, and water availability (Körner 2007; Golder 2012).
Under the design of Golder (2012) the inclusion of an omnibus variable in a model selection
framework means that, for example, the effect of slope per se will be ignored because it is not
adding new information to the model that elevation has not already. Critically, this does not mean
that slope is unimportant to animal movement in the study area. Moreover, elevation is unlikely to
be the mechanism by which animals select or avoid habitats. Elevation per se confers little
information that is relevant to the movement of animals, rather it is a proxy for variables that
impede or facilitate animal movement, provide them with food, shelter and other resources. This
comment does not dismiss the role of elevation as a parsimonious, explanatory variable in wildlife
habitat selection, rather, it calls into question the biological meaning of elevation to wildlife and the
manner in which unstated, if not unstructured, hypotheses were used to formulate model selection.
Second, identifying appropriate composition of candidate models is critical. Burnham and Anderson

(2002) and Anderson (2008) stress the importance of structured hypothesis testing, rather than
arbitrary (e.g., automated, all combinations) procedures to identify the best fitting model among all
available predictors. Arbitrary approaches to model selection are likely to produce spurious results
when the number of predictors is high (e.g. >17 variables, Golder 2012), (Anderson 2008). The
principle of parsimony inherent in the Golder (2012) approach to RSF model selection is deeply
rooted in the foundations of science; so too is the idea that data will be confronted by hypotheses
(Hilborn and Mangel 1997). As such, the composition of models should not be based on fit, but on
the testing of structured, a priori hypotheses.
Third, attempts should be made to distinguish and model the habitat factors associated with
multiple behavioural states. Under this analytical framework, there is not a single habitat selection
map, because animals move through and select habitats for different purposes (Beyer et al. 2010).
For example, foraging habitat may look quite different than habitat used for long distance travel. In
this way, multiple habitat selection maps are produced and presented based on a set of structured
hypotheses related to animal behaviour and project impacts.
Recommendation: Please structure the candidate RSF models from Golder (2012) into testable
hypotheses relating to key areas of impact and mechanisms for habitat selection. Moreover, provide
coefficient estimates and standard errors for all candidate models, with the aim to focus the EIS on
the suite of environmental factors relevant to corridor effectiveness. Present the information
described above for the best-fitting model from each hypotheses.
Lack of independence in telemetry data
Relevance to project: Autocorrelation may strongly affect the variance estimates used in the
calculation of AIC, which may affect variable selection in model selection, and therefore the
distribution of habitat qualities and interpretation of corridor effectiveness in the Project Area.
Rationale: Telemetry data, particularly high fix rate GPS data, are often autocorrelated (Fieberg et
al 2010), thus violating a major assumption of generalized linear models, as described in Golder
(2012). Autocorrelation in this case, implies that data collected closer together in time or space are
more similar than data collected over longer time intervals or spatial extents. When such a
correlation structure is apparent in data, it is no longer independent. Violation of this assumption
can lead to bias error estimates, particularly for organisms with patchy space patterns (Fieberg et al.
2010), such as a large carnivore consuming a cached kill over several days (Pasitschniak-Arts 1993;
Knopff et al. 2009). Efforts to partition telemetry data into behavioural modes and model individual
habitat selection may alleviate some of the issues with autocorrelation (Fortin et al. 2005)
Recommendation: Please describe the extent of pseudoreplication in the data (Boyce et al.
2010) and provide a rationale as to why it should be ignored in this study or address it explicitly
through analytical techniques described elsewhere (Fieberg et al. 2010).

