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CCEA Mission
The Canadian Council on Ecological Areas (CCEA) is an independent national organization constituted in 1982
to encourage and to facilitate the selection, protection and stewardship of a comprehensive network of protected
ecological areas in Canada. In 1995, CCEA became a registered charitable organization. The Council draws its
following and support from First Nations and Inuit peoples, federal, provincial and territorial government agencies,
non-governmental organizations, universities, industry and private citizens concerned with protected areas.
The goal of CCEA is to facilitate and to assist Canadians with the establishment, management and use of a comprehensive
viable network of protected areas that represents the diversity of Canada’s terrestrial, marine and other aquatic
ecosystems. To that end, the work of CCEA is centred on the following activities:
1.

Promoting the value of protected areas for conserving biodiversity and for helping to sustain ecosystems for the
environmental, social and economic well being of all Canadians;

2.

Providing scientific advice and guidance in the design of a nation-wide network of protected areas incorporating
both terrestrial and aquatic ecosystems and the selection of areas to complete it;

3.

Advancing sound ecological and science-based stewardship practices for protected areas including the management,
restoration and use of them for conservation, science, education and heritage appreciation;

4.

Assisting in determining the administrative and institutional arrangements for the securement, protection,
management and use of protected areas;

5.

Communicating and working with regional, national and international interests toward the achievement of
Council’s goal and objectives;

6.

Monitoring and reporting on initiatives and progress regarding the establishment, conservation, management and
use of protected areas; and,

7.

Conducting other such work and activities as may be necessary to support these aims.
For more information, visit the CCEA website: www.ccea.org

Abstract
This report presents Phase 2 of the Canadian Council on Ecological Areas (CCEA) Northern Protected Areas (NPA)
study. The goal of the overall NPA project is to provide practitioners with principles, guidelines, and best practices that
can be applied to the process of designing, planning, establishing, and managing northern protected areas. Phase 1 of
the NPA report presented a review of the literature together with a summary and assessment of current practices and
future research needs across the North. Phase 2 is a summary of a case study aimed at implementing some of the Phase
1 recommendations in a portion of the NPA study area.
Phase 2 consisted of a GIS-based analysis to find the best location(s) for ecological areas to represent disturbancesensitive mammals across six ecologically defined target regions (one mammal province and five ecozones). The
analysis found that ecological areas could be most effectively delineated using a heuristic reserve selection algorithm
that prioritizes for representation of rare species (in terms of extent of occurrence). The analysis also indicated that
species diversity patterns, particularly turnover in species composition across south-to-north gradients, were relatively
strong predictors of the number of ecological areas needed to represent each target region. Size of target region was
not a significant predictor of the number of ecological areas needed to represent species. However, size of the target
region (spatial scale) did play a role in that larger target regions were more efficient than their component parts,
suggesting possibilities for efficiencies and/or redundancies in terms of meeting representation goals. Finally, the
analysis indicated that existing protected areas, and those proposed under the current Northwest Territories Protected
Areas Strategy (NWT-PAS) are not adequate to fully represent disturbance-sensitive mammals in this region, and that
additional areas may be necessary.
Although this report does not address all of the design considerations and recommendations set out in Phase 1, it does
illustrate how some of these may be applied as part of a coarse-fi lter approach, and suggests how an optimal location
analysis might be improved and integrated with more fine-fi lter planning approaches to realize ecological objectives
for conservation planning.
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Foreword
Across Canada, ecological representation has been adopted as a core principle in efforts to select and to design protected
areas for biological conservation and environmental monitoring. Typically, jurisdictions have adopted an approach
to ecological representation based on the enduring features construct first advocated by the Canadian Council on
Ecological Areas (CCEA) in the early 1990s. Together with additional considerations and criteria for ecological
integrity, these efforts remain fundamentally sound, and they continue to be supported by CCEA.
A dual approach to utilize ecological representation and ecological integrity for designing protected areas and areanetworks is dependent upon both the scale of application, and the ecosystems and species targeted for conservation.
Therefore the context for applying ecological representation and ecological integrity can vary in resolution from ecodistricts to eco-zones, and from one targeted ecosystem or species group to another. Thus, the approach has inherent
flexibility that can be adapted to different needs and different settings, ranging from Canada’s highly settled southern
regions to its largely intact, remote and expansive northern environments.
Given the special needs and conditions in Canada’s North, in 2003 CCEA initiated a project on Northern Protected
Areas (NPA) aimed at guiding efforts to select and to design protected areas in northern Canada. This project included
two phases. Phase 1 was summarized in the CCEA Occasional Paper No 16, Protected Areas in Northern Canada—
Designing for Ecological Integrity, and entailed a review of science-based approaches for designing large protected
areas in relation to current agency-based policies, programs and practices across northern Canada. Phase 2, reported
in this publication, provides a pilot study on modelling a suite of ecological areas to conserve disturbance-sensitive and
area-demanding mammals in the Western Canadian Mammal Province, a vast region of north-central Canada that
incorporates segments of the Taiga Plains, Taiga Shield, Boreal Plains, Boreal Shield and Hudson Plains Ecozones.
Using an algorithm-based methodology and GIS mapping, the study analysis sets out to apply some of the guidelines
outlined in the Phase 1 report to the location of representative ecological areas in the study area aimed specifically
at conserving mammals. In addition to illustrating the methodology, the study results have practical application in
revealing significant gaps in the current network of protected areas and identifying sites that most efficiently address
these gaps for the conservation of targeted mammals. Indeed the results are sufficiently provocative that they prompt
thinking about the adequacy of protected areas for the conservation of mammals elsewhere in northern Canada.
While the analysis and the results in this report are focused on the location of ‘optimal’ sites for mammal conservation
in a specific region, the approach lends itself readily to other northern regions and other groups of species where data
exist to enable such assessments. Together with traditional approaches for ecological representation and ecological
integrity, such species-driven approaches provide both a comprehensive perspective and a working framework for
conserving biodiversity in protected areas. Combined with finer scale assessments including field studies and local
expert input, such modelling exercises can be a very useful means of identifying areas for protection. It is hoped
that the results of this study will help with system planning for protected areas and networks of sites to enhance the
conservation of biodiversity in both the study area and across northern Canada.
Tom Beechey
Associate Director, CCEA
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1. Study Goals and Objectives

Caption needed — Kluane National Park and Reserve, Yukon Territory

1.1

Introduction

This study represents the second phase (Phase 2) of
the Canadian Council on Ecological Areas (CCEA)
Northern Protected Areas (NPA) project. Phase 1 of this
project, reported in “Protected Areas in Northern Canada
– Designing for Ecological Integrity” (Wiersma et al. 2005),
set out general guidelines and principles for the design
of protected areas that would have the greatest chance
of long-term ecological viability in northern Canada.
While there is a large body of literature on protected areas
design, much of it is focused on more southern, highly
fragmented, and human-dominated landscapes. The
Canadian North is unique in that it is still largely intact.
Thus, the first report distilled the literature to find design
principles and guidelines that might be more appropriate
to a contiguous, northern landscape.

This report sets out to apply some of the guidelines
outlined in the first report to the design of protected
areas that are predicted to be representative for a suite
of mammal species within several target regions that
comprise the NPA study area. The results from this study
may help with representative protected-areas planning
exercises that are currently being undertaken in a number
of northern jurisdictions, including the Northwest
Territories Protected Areas Strategy (NWT-PAS).
The Phase 1 NPA Report (Wiersma et al. 2005; hereafter
referred to as the “Phase 1 report”) highlighted several
key design requirements for protected areas to have
ecological integrity. That report summarized the lessons
that could be learned from protected areas design in the
more developed parts of the North American continent,
as applied to the less developed northern regions of
Canada.
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Planning for new protected areas is well underway
in several jurisdictions within the NPA study area.
For example, Northwest Territories is in the midst of
implementing a comprehensive protected areas strategy
that is currently focused on identifying core representative
protected areas within each of the ecoregions of
the territory. Saskatchewan recently completed a
representative area network (RAN) analysis that included
the northern part of the province. Planning for protected
areas in northern Ontario is underway in advance of
the designation of land tenure for timber extraction in
the area north of the current “Area of the Undertaking”.
Here, the designation of new protected areas is occurring
as a component of a broader “community-based land-use
planning” exercise called the Northern Boreal Initiative
(Northern Boreal Initiative 2001). While each of these
parts of the country has its own unique assemblage of
biotic and abiotic features, together with specific socioeconomic considerations that should be addressed as part
of a comprehensive protected areas planning strategy, the
Phase 1 report highlighted general design principles that
should be universally applied, and which are summarized
briefly here.
Ecological integrity (Parks Canada Agency 2000)
was deemed to be an important goal because of the
critical role that protected areas are expected to play as
benchmarks in the face of increased northern resource
development and human activities. The Phase 1 report
concluded that, to have ecological integrity, protected
areas should be large in size (at least 3000 km2) and
embedded in a relatively intact habitat matrix. The
report also highlighted specific design considerations
for boundary delineation, to include as diverse a range
of habitat types as possible, to minimize edge-to-interior
ratios, and to rectify boundaries to natural features such
as watersheds or heights of land. Additionally, the report
advocated the inclusion of species of concern and viable
populations, and the replication of protected areas in
such a way that they adequately represent species and
features of interest.
Much of the agency and the academic literature on
protected areas networks recognizes the need for protected
areas to be representative of the wider region in which they
occur. While some agencies still set percentage targets for
representation, the literature review in the Phase 1 report
concluded that percentage targets were not appropriate
because: 1) they are arbitrary and often scale-dependent;
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2) they do not contain any prescriptions for minimum
reserve area; and 3) they include entire protected areas
without consideration of effective habitat. Instead, the
Phase 1 report advocated setting targets for a minimum
number of sites, rather than a minimum percentage of a
region’s area. What that minimum number should be
depends in part on patterns of diversity and on scale
issues. For example, more heterogeneous target regions
are predicted to require more sites to represent them
than relatively homogeneous target regions (Wiersma
and Urban 2005). Larger target regions are predicted to
require more sites than smaller target regions, although
there may be “economies of scale” (Pressey and Nicholls
1989; Erasmus et al. 1999; Rodrigues and Gaston 2002;
Wiersma in press).
The minimum number of sites needed in representative
network is also related to policy goals, such as how many
replicates of a particular species or population are to
be conserved in protected areas as insurance against
stochastic events. However, targets for a minimum
number of sites are not all that is necessary from a
conservation standpoint. Minimum targets are just that
— the minimum necessary to have a reasonable chance
at conserving biodiversity. Given the stochastic nature of
ecological systems, and using a precautionary approach,
it is prudent to exceed these targeted minimums.
Minimums are useful because methodologies to identify
them usually incorporate principles of complementarity1
and thus, these target minimums can maximize efficiency,
leaving more land that can be allocated to additional
protected areas for insurance against stochastic events,
or to conserve special features. Basing selection of sites
on the principle of complementarity also maximizes
efficiency of land-use, leaving more land available for
other uses such as settlements, resource development and
associated infrastructure.
The Phase 1 report also discussed the differences between
top-down and bottom-up planning, and acknowledged
that both approaches should be used for effective protected
areas design. Top-down planning implies a government
(or other centralized agency)-driven approach that works
1

That is, sites are selected to be complementary to each other in terms
of species composition. For example, if site 1 contains species A & B,
site 2 contains A, B, & C, and site 3 contains C & D, then sites 1 and 3
are most complementary to each other, and selecting these two sites
would conserve representative examples of species A–D.
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within a regional, provincial/territorial, or even national
framework. Bottom-up planning implies communitydriven planning within a local or regional framework;
both contribute important elements to protected areas
planning. Implementation of a plan strictly using a topdown approach will not be successful if it does not have
community buy-in. Moreover, most top-down planning
makes use of a coarse-fi lter approach to analyze regional
patterns and requirements for protected areas. A coarsefi lter approach will inherently leave out fine-scale data,
best derived from local ecological knowledge, and thus a
plan implemented based solely on a coarse-fi lter analysis
will be incomplete.

procedures represent untested hypotheses that the areas
are the optimal locations for effective and efficient
biodiversity conservation. It is difficult to ‘prove’ that
these sites are robust using traditional experimental
approaches to hypothesis testing. Instead, congruencies
between sites selected using bottom-up vs. top-down
approaches or between different approaches that make
use of the same data set, lend confidence to the process.
The present study is an iteration of a protected areas plan,
via a top-down approach, using data for mammals in
ecozones and mammal provinces, together with some of
the general guidelines developed in the Phase 1 report.

The Phase 1 report developed a set of guidelines for
effective protected areas design, based on a review of the
literature, an evaluation of currently existing protected
areas, and a survey of protected areas practitioners. These
guidelines included minimum area size (at least 3000
km2)2, minimum replication requirements3, physical
attributes (incorporating a range of habitat types), interreserve distance (to maintain connectivity for widest
dispersers), boundary geometry (to avoid long narrow
sites) and surrounding land-uses (to be compatible with
ecological integrity goals).

1.2

While current protected areas initiatives may be
incorporating some of the recommendations outlined in
the Phase 1 report, there has not yet been a successful,
comprehensive, regional protected area planning
strategy in Canada that has explicitly considered design
requirements for ecological integrity4. Such requirements
are required in order to realize protected areas that
will serve as effective and efficient benchmarks and
will contribute fully to the conservation of regional
ecosystems. The current situation is in part due to the
socio-economic and political nature of protected areas
planning. For example, in Northwest Territories, buyin from local communities and First Nations is essential
for successful area implementation, and thus, the NWTPAS uses a combination of top-down, regional planning
and bottom-up, community-driven input to improve the
process.
Given the complexity of protected areas planning, and
the multiple spatial scales at which it can be carried
out, an ideal is to have protected areas planning occur
at a range of spatial scales, using different kinds of data
input. Protected areas selected based on reserve selection

Study Overview

This study (Phase 2) describes top-down planning in that
it identifies potential areas for protection independently
of community input and uses a large-scale, coarse-fi lter
approach. It identifies sites that encompass representative
assemblages of mammals in the Western Canadian
Mammal Province (WCMP); this approach has been
described in previous studies published elsewhere (Glenn
and Nudds 1989; Gurd and Nudds 1999; Wiersma and
Nudds 2006). The mammal provinces of Canada were
delineated by Hagmeier (1966) based on patterns of
similarity in mammal fauna. These regions likely do not
represent natural aggregations of other taxa or features
of interest (e.g., vegetation, birds, reptiles, amphibians,
climate, landforms), and as such may not be the most
appropriate target region. Recent mammal range data
(Patterson et al. 2003) were used in the analysis for the
WCMP, and these are described in more detail in the
section on data sources.
Most protected areas agencies in Canada do not use the
mammal provinces as target regions, and instead use the
National Ecological Framework for Canada ecosystem
2

This minimum may seem inordinately large to some. However,
given the vastness of the North, a protected area of several thousand
square kilometers does not exclude some other uses prevalent in other
areas of the landscape. Some activities (e.g., eco-tourism, traditional
aboriginal harvest) can continue to occur in protected areas.

3

For example, having at least one large protected area per ecologically
defi ned target region, but more depending on diversity patterns.

4

The Yukon PAS did explicitly consider ecological integrity in its
design requirements, but the strategy was unsuccessful in realizing a
protected areas network.
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classification scheme (Ecological Stratification Working
Group 1996) as the basis for planning protected areas.
Thus, to be consistent with target regions that are more
widely used and delineated on the basis of a wider suite
of natural features than just mammals, this study also
identifies protected areas to represent mammals in the
entirety of each of the five ecozones5 that intersect with
the WCMP, including the portions of these that extend
beyond the WCMP (Fig. 1). Throughout the study,
“representation” is defined as having each species in a
region captured in at least one protected area within the
system of protected areas in the target region. The report
addresses the issue of minimum size by using sites that meet
the 3000 km2 threshold suggested in the Phase 1 report.
It also evaluates how many sites are needed to efficiently
(i.e., with the fewest possible) represent disturbancesensitive mammals (sensu Humphreys and Kitchener

1982, as defined by Glenn and Nudds 1989), recognizing
that additional protected areas beyond the minimum are
highly desirable. Other guidelines suggested in the Phase
1 report were not elaborated on, partly because of data
constraints (e.g., landform and vegetation data were not
available across the entire study region, which meant that
habitat diversity within proposed protected areas could
not be addressed), and partly because some of these
(such as boundary delineation) are better carried out
at a finer scale of resolution. Inter-reserve distance and
surrounding land-uses also were not addressed because
they are best carried out using specific species and at a
finer resolution.

5

These include the Taiga Plains, Taiga Shield, Boreal Shield, Boreal
Plains, and Hudson Plains Ecozones.

Figure 1 The Western Canadian Mammal Province (WCMP), outlined (Hagmeier 1966) and overlapping terrestrial ecozones of
Canada (Wiken et al. 1996) — the Taiga Plains, Taiga Shield, Boreal Plains, Boreal Shield, and Hudson Plains, which
together comprised the study area.
4
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Study Area

The Phase 1 report (Wiersma et al. 2005) concluded that
it was more effective to carry out protected-areas network
planning within ecologically bounded than within
politically bounded regions. However, there are many
different ways of defining ecologically bounded target
regions, based on soils, topography, vegetation, climate,
or some combination of these. This study was carried
out at two spatial scales to reflect examples of how the
natural features of Canada can be delineated. The largest
spatial extent in this study is the WCMP (Fig. 1; Hagmeier
1966), which overlaps with much of the western boreal
forest, and extends from northwestern Ontario, across
northern Manitoba, Saskatchewan and Alberta, into
the southern portion of the Northwest Territories. The
mammal provinces of Canada (Hagmeier 1966), which
are based on degree of faunistic similarity, have been used
in previous work to assess minimum reserve area (Gurd
et al. 2001), and to identify representative protected areas
based on historical data (Wiersma and Nudds 2006).
An alternative classification for regions of the country is
the terrestrial ecozones of Canada. Terrestrial ecozones
represent smaller spatial units than the mammal
provinces, and are based on vegetation, soils, climate and
topography (Ecological Stratification Working Group
1996; Wiken et al. 1996). For this study, the analysis
for identifying ecological areas to represent mammals
was also conducted within the entire extents of the five
ecozones that intersect the WCMP – namely Taiga Plains,
Boreal Plains, Boreal Shield, Taiga Shield, and the Hudson
Plains (Fig. 1).
A substantial portion of the Northwest Territories
overlaps with the WCMP and three ecozones. The NWTPAS takes the opposite approach to that reported here
in that it is largely bottom-up and community-driven.
Through the NWT-PAS (Northwest Territories Protected
Areas Strategy Advisory Committee 1999), a number of
communities have participated to identify sites of natural
and cultural heritage value (see Figure 2 for all areas in the
Northwest Territories, including those identified under
the NWT-PAS). Of these sites, candidate protected areas
and candidate protected areas with interim withdrawal
were included in this analysis. Areas of interest were
excluded from the formal analysis because many of them
did not have a boundary proposal delineated and only
highlighted areas of general interest.

Credit: Government of Yukon, Environment

1.3

Caption needed

The study area also overlaps northern Saskatchewan,
which is currently completing a representative area
network (RAN; see www.se.gov.sk.ca/ecosystem/sran
for updates) and northern Ontario, where the Northern
Boreal Initiative (NBI) is currently planning for protected
areas north of the current area of timber allocation
(Northern Boreal Initiative 2001). It would be interesting
to compare the results from this report’s analysis with
proposed protected areas in the study region, including
the NWT-PAS candidate protected areas, NWT-PAS
candidate protected areas with interim withdrawal,
proposed national parks, and sites proposed under the
Saskatchewan RAN.
No single method for identifying the location of candidate
representative protected areas will be completely
comprehensive. Different data sets, different assumptions,
and different methodologies will introduce uncertainty
into each approach, making it difficult to objectively
evaluate which (if any) proposed protected areas plan
is the ‘right’ (or the ‘best’) one. However, agreement
in terms of locations for proposed protected areas as
achieved by independent methodologies conducted at
different spatial extents and with different data (e.g.,
data on different species and/or natural features, or data
at different resolutions) and methodologies will yield an
increased degree of confidence in the appropriateness of
these sites for achieving biodiversity conservation goals.

Protected Areas in Northern Canada: Identifying Ecological Areas to Represent Mammals

5

Figure 2 Existing NWT protected areas, proposed national parks, and proposals under the Northwest Territories Protected Areas
Strategy (NWT-PAS) as of September 2005 (Map courtesy of the NWT-PAS).
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2. Study Methods and Results

Caption needed — Kluane National Park and Reserve, Yukon Territory

2.1

Data Sources and Application

Mammals were chosen as the target group for analysis,
since they are the most area-sensitive (Schmiegelow and
Nudds 1987; Hager and Nudds 2001), and as a guild they
may function as an umbrella for other, less well-known
taxa. Only those mammals deemed to be disturbancesensitive were included in the analysis. Those used in
the study are listed in Table 1. Disturbance-sensitive
mammals were defined by Glenn and Nudds (1989) as
those not found in areas with a high degree of human
development, and/or those having large home range
requirements, and do not include disturbance-tolerant
species more commonly found near human development,
such as raccoons (Procyon lotor), or white-tailed deer
(Odocoileus virginianus).

The study used digitized mammal species distribution
data, as obtained from the Mammal Ranges of Western
North America database produced by NatureServe
(Patterson et al. 2003; Fig. 3). These data represent “extent
of occurrence” and not “area of occupancy” (Lawes and
Piper 1998). As such they describe broad regions where
a species may be found, but they do not indicate areas
of high population density, or core habitat areas such as
denning sites, or core seasonal habitats.
This discrepancy between extent of occurrence (where the
species may be found) and area of occupancy (where the
species is found) may introduce uncertainty into the data.
For coarse-fi lter analyses using a large grain for sampling,
the NatureServe data are deemed to be reasonably
appropriate. The assumption in this research is that
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when range data (extent of occurrence) for any species
overlaps with any given sample site (which are 3000 km2
in size), there is a high probability of that species actually
occupying at least some portion of that sample site. Habib
et al. (2003) modelled the uncertainty in mammal range
data between area of occupancy and extent of occurrence
for sample units of the same order of magnitude as those
used in this study. They found that at the scale of analysis,
a 5% difference between “area of occupancy” and “extent
of occurrence” could be tolerated before the results of the
analysis were significantly changed.
While there is good occupancy data for some species
(e.g., large carnivores, game species) in some parts of
the study area, the data quality is not uniform across the
region, and in some parts, they are very expensive and
time consuming to obtain. Thus, the more generalized

mammal ranges (based on extent of occurrence) were
used, which are more likely to be uniformly accurate
across the entire study area. Similar data have been
used in other analyses for representative protected
areas establishment around the world (e.g., Sarakinos et
al. 2001; Scott et al. 2001; Andelman and Willig 2002;
Kerley et al. 2003; Rey Benayas and de la Montaña
2003; Warman et al. 2004). However, detailed analysis
of occupancy status should be conducted before any
protected areas proposed based solely on an analysis of
species ranges is implemented. This kind of analysis can
only be conducted on a site-by-site basis, but could form
part of a natural history inventory of a proposed area
to verify occupancy of the desired species. Along with
determining whether a species is present or absent, it is
important to note its population status (i.e., source or
sink) and whether it is occupying high or low quality

Figure 3 Mapped extent-of-occurrence (from Patterson et al. 2003) of disturbance-sensitive mammals (listed in Table 1) in northcentral North America.
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habitat, or particular sites necessary for specific life
history parameters (e.g., hibernacula, denning/roosting
sites, calving areas, rutting areas, etc.).
Maps of extent-of-occurrence of mammals were overlaid
with a grid of contiguous squares 3000 km2 in size
using ArcGIS (v. 9.1, Environmental Systems Research
Institute, Inc.). The polygons in this layer comprise the
‘candidate-protected’ areas considered in this study
(hereafter referred to as “sites”) in both the WCMP and
the five ecozones (Fig. 4). Thus, the study assumed that
the entire land area in each target region was potentially
available to be designated as protected areas. In reality,
of course, large tracts of the northern landscape are

already allocated to other uses, including transportation
corridors, timber tenures, mining claims and settlements.
While perhaps not entirely realistic, this study is useful
because it identifies priority sites for an efficient set of
representative ecological areas. As mentioned earlier,
there are multiple solutions to the issue of finding a
representative set of ecological areas. However, some of
these solutions will be more efficient than others in terms
of the amount of land required in order to encompass the
full assemblage of biodiversity. Heuristic reserve selection
algorithms (described in more detail below) were applied
to find a near-optimal solution for an efficient set of areas
that meet minimum representation objectives for the
suite of mammalian species (Table 1).

Figure 4 Grid overlay of sample sites of 3000 km2 (shown as hatched squares) within the Western Canadian Mammal Province and
each of the five ecozones examined in this study.
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To ensure that the sites selected as representative of
mammal assemblages are also effective at protecting
overall biodiversity, they were delineated a priori in the
form of a grid of 3000 km2 squares to correspond to
minimum reserve area (MRA) estimates (Gurd et al.
2001; see also discussion on MRA in the Phase 1 report).
In all target regions (the WCMP and the five ecozones),
the MRA estimate of 3000 km2 that was advocated
as a minimum reserve area in the Phase 1 report was
used to define the size of potential candidate-protected
areas6 for this analysis. While a protected area of 3000
km2 is far larger than the home range for many of the
smaller species listed in Table 1, a large protected area is
still advocated wherever possible, as such an area could
encompass a range of habitat types, thereby increasing
biodiversity representation, or could contain multiple
Table 1
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populations of smaller species, and thus increase genetic
variability and probabilities of persistence. Moreover,
for some large, wide-ranging species (e.g., grizzly bears
(Ursus arctos), barren-ground caribou (Rangifer tarandus
groenlandicus), areas considerably larger than 3000 km2
may be necessary.
6

The NPA Phase 1 report recommends “Protected areas greater than
~3000 km2 and located within a relatively intact habitat matrix should
be able to maintain their historical complement of species and natural
processes. The more fragmented the habitat matrix surrounding
protected areas, the larger the protected area itself will have to be.
The 3000 km2 is a minimum size guideline; to better ensure that
ecological integrity is maintained over the long-term, protected areas
should be as large as possible. Some species (e.g., migratory caribou)
may still not be sufficiently protected with areas of this size; for these
species complementary strategies in addition to protected areas will
be necessary”. (Wiersma et al. 2005, pg. 60).

Disturbance-sensitive mammals used in this study. Species were defined by Glenn and Nudds (1989). Note: Species
nomenclature follows that used in Patterson et al. (2003), and thus may not conform exactly to nomenclature currently used
in Canada.

Order

Family

Scientific name

Common name

Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Artiodactyla
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Carnivora
Chiroptera
Chiroptera
Chiroptera
Chiroptera

Antilocapridae
Bovidae
Bovidae
Bovidae
Bovidae
Bovidae
Cervidae
Cervidae
Cervidae
Canidae
Canidae
Canidae
Felidae
Felidae
Mustelidae
Mustelidae
Mustelidae
Mustelidae
Mustelidae
Mustelidae
Mustelidae
Ursidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae

Antilocapra americana
Bos bison
Oreamnos americanus
Ovibos moschatus
Ovis canadensis
Ovis dalli
Alces alces
Odocoileus hemionus
Rangifer tarandus
Alopex lagopus
Canis lupus
Urocyon cinereoargenteus
Lynx canadensis
Puma concolor
Gulo gulo
Lontra canadensis
Martes americana
Martes pennanti
Mustela erminea
Mustela nigripes
Mustela nivalis
Ursus arctos
Antrozous pallidus
Lasionycteris noctivagans
Lasiurus cinereus
Myotis evotis

Pronghorn
American Bison
Mountain Goat
Muskox
Bighorn Sheep
Dall’s Sheep
Moose
Mule Deer
Caribou
Arctic Fox
Gray Wolf
Gray Fox
Canada Lynx
Cougar
Wolverine
Northern River Otter
American Marten
Fisher
Ermine
Black-footed Ferret
Least Weasel
Grizzly bear
Pallid Bat
Silver-haired Bat
Hoary Bat
Long-eared Myotis
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Order

Family

Scientific name

Common name

Chiroptera
Chiroptera
Chiroptera
Chiroptera
Chiroptera
Lagomorpha
Lagomorpha
Lagomorpha
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Lipotyphla
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia

Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Leporidae
Leporidae
Ochotonidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Soricidae
Aplodontidae
Castoridae
Dipodidae
Dipodidae
Dipodidae
Dipodidae
Heteromyidae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Muridae
Sciuridae
Sciuridae
Sciuridae

Myotis keenii
Myotis leibii
Myotis lucifugus
Myotis thysanodes
Pipistrellus subflavus
Lepus americanus
Lepus arcticus
Ochotona princeps
Sorex arcticus
Sorex bendirii
Sorex cinereus
Sorex fumeus
Sorex gaspensis
Sorex hoyi
Sorex monticolus
Sorex palustris
Sorex tundrensis
Sorex ugyunak
Aplodontia rufa
Castor canadensis
Napaeozapus insignis
Zapus hudsonius
Zapus princeps
Zapus trinotatus
Perognathus fasciatus
Clethrionomys gapperi
Clethrionomys rutilus
Dicrostonyx groenlandicus
Dicrostonyx richardsoni
Lemmiscus curtatus
Lemmus trimucronatus
Microtus chrotorrhinus
Microtus longicaudus
Microtus miurus
Microtus oeconomus
Microtus pinetorum
Microtus xanthognathus
Neotoma cinerea
Ondatra zibethicus
Phenacomys intermedius
Phenacomys ungava
Reithrodontomys megalotis
Synaptomys borealis
Synaptomys cooperi
Glaucomys sabrinus
Marmota caligata
Marmota flaviventris

Keen’s Myotis
Eastern Small-footed Myotis
Little Brown Bat
Fringed Myotis
Eastern Pipistrelle
Snowshoe Hare
Arctic Hare
American Pika
Arctic Shrew
Marsh Shrew
Cinereus Shrew
Smoky Shrew
Gaspe Shrew
Pygmy Shrew
Montane Shrew
Water Shrew
Tundra Shrew
Barren Ground Shrew
Mountain Beaver
American Beaver
Woodland Jumping Mouse
Meadow Jumping Mouse
Western Jumping Mouse
Pacific Jumping Mouse
Olive-backed Pocket Mouse
Southern Red-backed Vole
Northern Red-backed Vole
Northern Collared Lemming
Richardson’s Collared Lemming
Sagebrush Vole
Brown Lemming
Rock Vole
Long-tailed Vole
Singing Vole
Tundra Vole
Woodland Vole
Taiga Vole
Bushy-tailed Woodrat
Muskrat
Western Heather Vole
Eastern Heather Vole
Western Harvest Mouse
Northern Bog Lemming
Southern Bog Lemming
Northern Flying Squirrel
Hoary Marmot
Yellow-bellied Marmot
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Order

Family

Scientific name

Common name

Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia
Rodentia

Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae
Sciuridae

Spermophilus columbianus
Spermophilus franklinii
Spermophilus lateralis
Spermophilus parryii
Tamias amoenus
Tamias minimus
Tamias ruficaudus
Tamias townsendii
Tamiasciurus douglasii
Tamiasciurus hudsonicus

Columbian Ground Squirrel
Franklin’s Ground Squirrel
Golden-mantled Ground Squirrel
Arctic Ground Squirrel
Yellow-pine Chipmunk
Least Chipmunk
Red-tailed Chipmunk
Townsend’s Chipmunk
Douglas’s Squirrel
Red Squirrel

2.2

Heuristic Reserve Selection
Algorithms

Heuristic reserve selection algorithms are commonly
used to identify protected areas (Margules et al.
1988; Pressey et al. 1996, 1997). Although they do not
necessarily yield a perfectly optimal solution (Underhill
1994), they are simple to use, and unlike solutions
that find a truly optimal solution, they do not require
extensive computing time. Indeed, many selections
can be carried out by hand using a spreadsheet. The
software programs PORTFOLIO (Urban 2002) and
C-Plan (Anonymous 1999, Cowling et al. 2003) allow
for heuristic algorithms to be used, but were not
applied here, because the data consisted of “proportion
occupancy” values, rather than just binary presence/
absence data. Instead, the overlay data from the GIS
were exported as a database fi le, and analysis was done
using multiple sorts in Excel.
The goal of heuristic reserve selection algorithms is to
find a near-optimal solution to represent all species
in a target region using a minimum number of sites
(Margules et al. 1988; Pressey et al. 1996, 1997). Heuristic
algorithms are “rule-based” and iteratively select sites to
be part of a minimum set of representative sites. Two
algorithms were applied in this study: a richness-based
algorithm, which prioritizes for sites with high overall
species richness; and a rarity-based algorithm, which
prioritizes for species that are regionally rare (based
on extent of occurrence, i.e., those that have a small
extent of occurrence. In this case rarity is not based
on population or threat status). The algorithms are
designed to facilitate the order in which sites are selected
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and to maximize the efficiency with which all species are
represented, that is, to conserve the most species with the
fewest number of sites. The rarity-based algorithm does
not imply that sites with rare species are more important.
Final reserve networks must capture all species in the
region; if prioritization of sites is necessary, this has to
be decided by expert opinion and/or through policy.
There are many types of reserve selection algorithms
available (e.g., heuristics, optimizing), each of which
has slightly different emphasis as well as advantages
and disadvantages (see Underhill 1994; Pressey et al
1996; Vanderkam et al. in press for a discussion of
the implications of using different reserve selection
algorithms).
The heuristic algorithms operate as follows:
•

The richness-based algorithm selects the site that
has the highest species richness and places it within
a minimum set of sites;

•

It selects the site with the next highest richness that
adds at least one new species to the set. In case of a
tie, it selects the site that contains the rarest species
(in terms of extent of occurrence);

•

It continues to add species until all are included at
least once in the minimum set of sites; and,

•

If desired, a second ‘stopping rule’ can be applied.
This rule ensures that all species are represented by
having their extent-of-occurrence fully within at
least one site (see example below for an illustration
of how the second ‘stopping rule’ is applied).
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•

The rarity-based algorithm finds the most regional
rare species (in terms of extent of occurrence), and
of all the sites in which it occurs, selects the one that
has the highest overall species richness;

•

It finds the next most rare species not already placed in
the minimum set, and finds the site with the highest
richness that also contains that species. In the event
of a tie (in terms of rarity), the algorithm selects the
site with the higher overall species richness;

•

The algorithm continues to add species until all are
included at least once in the minimum set of sites.

•

As with the richness-based algorithm, a second
‘stopping rule’ can be applied. This rule ensures that
all species are represented by having their occurrence
fully within at least one site (see example below for
an illustration of how the second ‘stopping rule’ is
applied).

Table 2

As an illustrative example, heuristic reserve selection
algorithms were applied to a hypothetical data set (Table
2) using a GIS overlay of 8 sites (A-H) on 8 species (18), to determine the minimum set of sites that would
include all species at least once, with species occurrences
occupying at least one site completely, where possible.
In this case, there are 8 species in the target region that
need to be represented. Note that summary data are given
for each site in terms of a count of species present (all
values > 1) and a sum of the coverage (values less than
1 indicate that only a portion of that species’ occurrence
overlaps with a site, and is important when considering
whether “representation” refers to full or partial overlap
of a species’ range with a site).

Illustrative example of a 3000 km2 sample-site overlay on species occurrence. Rows (A-H) represent 8 different sites containing
a number (1-8) of species (columns). A value of “1” indicates the species’ occurrence fully overlaps with the site; values <1
indicate a species’ range only partially overlaps with a sample site. “Count” refers to the number of species found in a given
site, while “Sum” is the total of all the occupancy values. Thus, in cases where “count” equals “sum”, this indicates that there is
no partial overlap for any species.

Species #
Site

1

2

3

4

5

6

7

8

Count

Sum

A

1

1

1

0

0

0

0

0

3

3

B

1

1

0.5

0.5

0.5

0

0

0

5

3.5

C

0.5

1

1

0

0

0.5

0

0

4

3

D

0

0

0

0.5

0

1

1

0

3

2.5

E

0

0

0.75

1

1

0

0

0

3

2.75

F

0.5

0.5

1

0

0

0

0

0

3

2

G

0

0

0.75

0

0

0

0.5

0

2

1.25

H

0.5

0.5

0.25

0

0

0

1

1

5

3.25

Sum

3.5

4

5.25

2

1.5

1.5

2.5

1

—

—
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The rarity-based algorithm selects sites based on rarity
of species. It includes species that are most regionally
rare (based on extent of range). Thus, species 8 is most
rare, and since it only occurs in Site H, this site would
be included in the representative set. This leaves species
4, 5 and 6 unrepresented. Of these 3 species, species
5 and 6 have the next lowest rarity. Species 5 is found
in a more species-rich site (Site B) than is species 6.
Including site B in the minimum set leaves only species
6 unrepresented. The site with the highest species
richness that includes species 6 is site C, so it is included
in the minimum set. Thus, in this particular example,
the minimum set based on the rarity-based algorithm
is the same as that identified using the richness-based
algorithm, but this is not necessarily always the case.
In many cases, the rarity-based algorithm has been
shown to be more efficient (e.g., Wiersma and Nudds
2006), although this does depend on the data set used
(Vanderkam et al. in press).
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Credit: Government of Yukon, Environment

The richness-based algorithm would first select site B,
since it contains 5 species. Site H also has a count of 5
species, but its sum (i.e., proportion of species’ ranges
covered) is not as high, so B would be selected over H.
Including site B in the minimum set leaves species 6, 7
and 8 unrepresented. Site H, which has the next highest
values for both count and sum, encompasses species 7
and 8, so the minimum set would now include sites B
and H, leaving species 6 unrepresented. The site with the
highest species richness that also contains species 6 is site
C, with a count of 4, and a sum of 3. Note that site C only
includes 0.5 of the range of species 6, so site D would
have to be included in the set if the second stopping
rule is applied (i.e., the minimum set should include all
species with full site occupation, where possible). If this
“full site occupation” caveat were applied, site E would
also have to be added to get full coverage for species 4
and 5, which only occupy half of site B. Thus, the final
set includes sites B, H, C, with D and E for full coverage.
By inspection, it can be seen that a more efficient
solution with the full site occupation caveat would be
to have sites B, H, D and E, however this is not selected
with the algorithms. This illustrates how output from
heuristic algorithms may sometimes be “near optimal”.
However, finding the optimal solution is believed to be
more computationally intensive (but see Vanderkam et
al. in press for a discussion of time-to-solution using
optimizing algorithms).

Caption needed here

2.2.1 Methods
In this study, a grid of 3000 km2 sites (as described above,
and illustrated in Figure 4) was overlaid on the mammal
extent-of-occurrence data using ArcGIS to determine the
species composition of each site. Species composition was
calculated as the proportion of each site that overlapped
with a species’ occurrence. As described in the illustrative
example, a value of “1” indicates that the site overlaps
entirely with a portion of a species’ occurrence. Values of
“< 1” indicate that the plot is on the edge of that species’
occurrence, and that only a portion of the species’
occurrence is contained within the site.
The algorithms described above were applied to the real
data for the extent of occurrence of the species listed in
Table 1 using the sites illustrated in Figure 4. Both the
first and second ‘stopping rules’ were applied. To examine
whether efficiencies could be realized by using larger
target regions to represent mammals, the five ecozones
were analyzed separately, and were also combined and
the heuristic algorithms were applied to this consolidated
data set.
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2.2.2 Results
The number of sites (i.e., ecological areas) needed
to represent disturbance-sensitive mammals in the
WCMP and the five ecozones is summarized in Table
3. Locations of the optimal sites for the WCMP and the
ecozones are shown in Figures 5 and 6. The variation
in results between the algorithms may appear to make
implementation of protected areas based on these
results seem confusing. However, the variation in results
indicates that there is a range of options available that
meets the need to represent all species. There are many
solutions to the problem of finding a set of ecological
areas to capture the full suite of species in a region
(Underhill 1994; Pressey et al. 1996; Vanderkam et al. in
Table 3

press). However, some of these (e.g., those found using
the rarity-based algorithm) are more efficient (require
fewer sites) than other solutions (i.e., those found
using the richness-based algorithm). For example, the
solution in Figure 5 shows all sites in the WCMP to be
clumped in the Boreal Plains Ecozone with none in the
Boreal Shield. This is probably an artifact of slightly
higher species richness in the Boreal Plains, which also
contain species found in the Boreal Shield. An algorithm
could be written to require a minimum of one site in
each ecozone within the WCMP. A solution to such an
algorithm would likely have more sites than the solution
shown in Figure 5, since species that occur in the Boreal
Shield Ecozone can more efficiently be captured by
locating sites in the Boreal Plains Ecozone.

Number of sites that meet minimum reserve area (MRA) criteria of 3000 km2, that are required to represent disturbancesensitive mammals in various target regions, with species occurrence fully overlapping at least one site (where possible). Two
heuristic algorithms were applied − a richness-based, and a rarity-based.

NUMBER OF SITES REQUIRED
Richness-based

Rarity-based

TARGET REGION
1st
Stopping
Rule

2nd
Stopping
Rule

1st
Stopping
Rule

2nd
Stopping
Rule

WCMP

17

22

5

11

Taiga Plains Ecozone

8

11

5

9

Taiga Shield Ecozone

13

18

5

11

Hudson Plains Ecozone

8

10

3

6

Boreal Plains Ecozone

10

16

6

11

Boreal Shield Ecozone

13

12

7

9

Sum of Five Ecozones

52

67

26

46

Five Ecozones Combined

21

28

9

17
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Figure 5a Optimal locations of ecological areas (all 3000 km2) for representing disturbance-sensitive mammals in the Western Canadian
Mammal Province (WCMP). Shaded squares are those selected using a richness-based heuristic algorithm. Squares with
thick outlines are those selected using a rarity-based heuristic algorithm.

Figure 5b As in Figure 5a, but using the second ‘stopping rule’ in the algorithms. Square descriptions are the same as in Figure 5a.
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Figure 6a Optimal locations of ecological areas (all 3000 km2) for representing disturbance-sensitive mammals in the five ecozones
(overlapping with, and extending beyond the boundaries of the WCMP). Shaded squares are those selected using a richnessbased heuristic algorithm. Squares with thick outlines are those selected using a rarity-based heuristic algorithm. Circled sites
are those that are required when all the ecozones combined are considered as the target region.

Figure 6b As in Figure 6a, but using the second ‘stopping rule’ in the algorithms. Square descriptions are the same as in Figure 6a, except
that sites outlined with a large square are the additional ones required when all the ecozones combined are considered as the
target region, using the second ‘stopping rule’.
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2.3

Scale and Diversity Patterns

Given the extent of target regions within which agencies
wish to establish protected (ecological) areas, it is
beneficial to examine general rules that can be applied
to make identification of sites that are representative
for mammals (or other features) more efficient. One
possibility is that diversity patterns can help to identify
minimum representation requirements. For example,
in a study of the ecoregions of the Yukon, Wiersma and
Urban (2005) found that “beta diversity”, or the degree
of heterogeneity in species composition using 2500 km2
sampling units, significantly explained the number
of protected areas required to represent mammals in
each ecoregion within the territory. Others have found
similar relationships between beta-diversity and the
minimum number of protected areas required to meet
representation objectives (Loreau 2000; Condit et al.
2002; Reyers et al. 2002). Other research suggests that
the number of representative protected areas required
is scale-dependent, and it is simply a matter of larger
target regions requiring more protected areas, based on
simple species-area relationships (Verburg and Veldkamp
2004; Palmer and White 2004). The Phase 2 study also
measured diversity patterns in each target region to test
whether beta diversity had a similar explanatory power
for the ecozones analyzed here as for the ecoregions of the
Yukon (Wiersma and Urban 2005). As well, issues of scale
were analyzed by comparing the number of protected
areas needed to the size of the ecozones.

2.3.1 Methods
In order to examine how diversity patterns influence the
number of ecological areas required to represent target
regions, the mammal occurrence data were converted to
a raster (pixel-based) data set, with a pixel size of 2500
km2 (50 km x 50 km), to correspond roughly with the
lowest MRA estimate of 3000 km2. Results are assumed
to be identical whether a 3000 km2 (54.77 km x 54.77
km) or 2500 km2 (50 km x 50 km) pixel was chosen,
given the ratio of grain (pixel) to extent of mammal
ranges. The number of species (species richness) within
each pixel represented a measure of site-level, or alpha
(a) diversity. The species richness of each target region
(WCMP, ecozones) represented the regional, or gamma
(y) diversity.
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Beta diversity (ß) was calculated for each target region
using the measure of Whittaker’s beta (Box 1, Equation
1; Whittaker 1972). Figure 7 uses a simplified schematic
to describe the diversity metrics. Whittaker’s beta is a
measure of the degree of species heterogeneity within
a region; the lower the beta diversity value, the more
homogenous a region is. However, understanding the
patterns of diversity across regions is important as well,
and Whittaker’s beta is not a spatially referenced metric.
Ecologists and naturalists are familiar with the concept
of an ‘ecotone’ or ‘edge effect’, the natural zone between
two different habitat types such as forest and field. A
spatially explicit measure of beta diversity is through
measurement of the change in species composition as
one moves from one habitat type (e.g., forest), through
the edge and into the other habitat type (e.g., field). This
can be quantified using the Bray-Curtis dissimilarity
value (Box 1, Equation 2; Bray and Curtis 1957). The
Bray-Curtis index expresses the amount of change in
species (i.e., beta diversity) composition across space. It
can be thought of as a measurement of how ‘hard’ or
‘fuzzy’ the ‘edge’ (i.e. ecotone) is between biomes or
ecosystems.
To measure Bray-Curtis dissimilarity using the mammal
occurrence data, an Arc Macro Language (AML) script
was written to iterate through each grid on a species-byspecies basis and calculate dissimilarity between pairs of
adjacent pixels along a south-to-north and along an eastto-west gradient. That is, for each pixel, the dissimilarity
in species composition compared with that cell’s
neighbour to the north (or to the west) was calculated.
Dissimilarity for all species was then summed to give
overall dissimilarity between pairs of cells. Thus, a pair
of pixels could have identical alpha diversity (i.e., same
number of species), but if the species composition of the
pixels differed, the AML would report a Bray-Curtis value
> 0. Thus, a higher Bray-Curtis value indicates a higher
dissimilarity in species compositions between pairs of
pixels (i.e., higher beta diversity). Figure 8 features an
example of the output for the Bray-Curtis dissimilarity
calculations using Bray-Curtis measured along a southto-north gradient (output calculated on an east-to-west
gradient is not shown).
To avoid artificial inflation of Bray Curtis values at the
boundaries of the target regions due to ‘edges’ in the
data sets, the grid analysis was extended beyond the
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target region boundaries and the Bray Curtis values only
examined within the target region itself. Bray-Curtis
measurements were conducted on each target region
separately, so that the reference latitude and longitude
for the map projection (Lambert Equal Area Azimuthal)

could be modified to ensure directionality was accurate
without distorting the area of the cells. Finally, the two
output raster maps (south-to-north and east-to-west)
were combined to create a layer representing overall
turnover across latitudinal and longitudinal gradients.

Box 1. Diversity Equations
ß = y/amean

(1)

Where ß is Whittaker’s beta, y is regional gamma diversity, and amean is the average alpha diversity
in the region.
ß = y/amean
(2)
Where dij is Bray-Curtis dissimilarity, W is the number of species held in common between two sites i and
j and A and B are the total number of species on each of the two sites, respectively.

a=4
Alpha (a): local (site) level diversity

Gamma (y): regional diversity

Whittaker’s beta (ß): y/a

y=8
ß=2

Beta-turnover: change in diversity
as you move across a region

Figure 7 Schematic to illustrate the different ways of measuring diversity. Different coloured dots represent different species present in a
site (green squares).
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Figure 8 An example of output from the Bray-Curtis dissimilarity measured for Yukon mammals along a south-to-north gradient.
Dark colours indicate pairs of cells along the gradient with a high degree of dissimilarity (high beta diversity). Light colours
indicate pairs of cells along the gradient with low beta diversity.

2.3.2 Results
A study of the relationships between beta diversity and
the number of ecological areas required to represent
mammals in each of the ecoregions in the Yukon (Wiersma
and Urban 2005) found a significant relationship, in
that ecoregions with higher beta diversity (i.e., higher
heterogeneity) required more protected areas to represent
mammals within them. The sample size in the study
reported here (five ecozones) is not large enough for
robust statistical significance testing, so p-values should
be interpreted with caution. However, the trends suggest
that Whittaker’s beta diversity may explain the number
of sites required to represent disturbance-sensitive
mammals in each ecozone (Fig. 9). The most probable
explanatory variable for the number of sites using either
the richness-based or rarity-based algorithm was BrayCurtis dissimilarity measured along a south-to-north
gradient (Fig. 10). The hypothesis that the size of a target
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region might explain the number of protected areas
needed to represent its mammals was not supported.
Although the sample size was too small for meaningful
statistical analysis, the relationship between the area of
the ecozones and the number of sites needed to represent
its mammals was weaker than for the measurements of
beta diversity (figure not shown).
The effect of target-region size however could be seen
in comparing the number of sites required within each
of the five ecozones separately to the number needed
when the five ecozones were combined and considered
as one large target region. The sum of the number of
sites required to represent mammals in the individual
ecozones was between 2.4-2.9 times the number needed
when the five ecozones combined were considered as
a target area (Table 3). Thus, larger target regions may
increase efficiencies, as fewer sites are needed to represent
all species. Similar patterns are predicted if representative
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Whittaker’s beta
Figure 9 The relationship between Whittaker’s beta diversity and the number of sites needed to represent disturbance-sensitive
mammals in each of the five ecozones using a richness-based (solid line, solid symbols, r2 = 0.64, p = 0.11) and a rarity-based
heuristic algorithm (dashed line, open symbols, r2 = 0.21, p = 0.44).
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Bray-Curtis (north-south)
Figure 10 The relationship between Bray-Curtis dissimilarity measured along a north-south gradient and the number of sites needed to
represent disturbance-sensitive mammals in each of the five ecozones using a richness-based (solid line, solid symbols,
r2 = 0.87, p = 0.02) and a rarity-based heuristic algorithm (dashed line, open symbols, r2 = 0.60, p = 0.12).
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areas are delineated for ecoregions within ecozones; more
will be required in the aggregate than at the larger spatial
extent. However, this prediction will need to be tested in
the future. These efficiencies of scale suggest that there
are some redundancies in terms of the mammal species
represented in sites between the five ecozones. However,
such redundancies may be desirable from a conservation
standpoint. It may serve to represent different populations
of a species, thereby conserving genetic diversity, and
acting as an insurance against stochastic events. There
may also be species from other taxonomic groups (e.g.,
plants, birds, invertebrates) that are not redundant
between ecozones.

2.4 Gap Analysis
There is likely to be variation in the locations identified
as priority sites for protected areas representing
mammal diversity amongst different studies in the
same geographic area. This variation might be due
to differences in data and methods between studies.
Additionally, there may also be variation in selected sites
within an individual study. Researchers who pioneered
the development of heuristic reserve selection algorithms
emphasize that these algorithms find the near-optimal
solution for identifying a set of representative ecological
areas (Margules et al. 1988; Pressey et al. 1996, 1997).
In theory, a very large group of ecological areas selected
from a suite of candidate sites may be representative of
the total biodiversity of a region. However, some of these
sets will be larger than others. Given that there are often
competing interests for land-use, an appropriate strategy
would be to find an efficient set of sites that maximizes
biodiversity representation with a minimum amount of
area.
Underhill (1994) points out that the heuristic reserve
selection algorithms (Margules et al. 1988; Pressey et
al. 1996, 1997) are not 100% efficient, but Pressey et al.
(1996) contend that the methods to find the truly optimal
solution set can be computationally intensive. Because
there is a large number of solution sets to the issue of
representation, one possibility is that existing protected
areas may contribute toward a representative suite of
protected ecological areas. From a real-world standpoint,
it is useful to know in what ways existing protected
areas are contributing to representation goals before
determining where to implement new areas to address
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representation gaps. Thus, this report examines how
well existing protected areas that simultaneously meet
minimum area requirements contribute to a network
that is representative for mammals in each of the target
regions — the WCMP, and the five ecozones within
which it is located.

2.4.1 Methods
To evaluate whether the currently established suite of
protected areas is contributing significantly to a protected
areas network that is representative for mammals, the
heuristic reserve selection algorithms were re-run, but
‘seeded’ with existing protected areas and NWT-PAS
candidate areas with interim protection (Table 4) that
met the minimum reserve area (MRA) threshold of
3000 km2 suggested in the Phase 1 report. It is possible
that the existing suite of MRA-sized protected areas is
already sufficiently representing the mammals of each
target region, but less efficiently than the optimal set.
If so, then running the heuristic algorithms with the
locations of existing protected areas already included in
the minimum set should yield no more, or at least very
few, additional sites.
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Table 4

Existing protected areas and NWT-PAS candidate protected areas with interim protection that meet minimum reserve area
(MRA) requirements as of September 20057. Source: Canadian Conservation Areas Database (2006). Protected areas listed by
ecozone are those outside of the Western Canadian Mammal Province (WCMP).

Jurisdiction Area (km2)

Target Regions

Protected Area

WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
WCMP
Boreal Plains Ecozone
Boreal Plains Ecozone
Boreal Plains Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Boreal Shield Ecozone
Hudson Plains Ecozone
Hudson Plains Ecozone
Hudson Plains Ecozone
Hudson Plains Ecozone
Hudson Plains Ecozone
Taiga Plains Ecozone
Taiga Plains Ecozone
Taiga Plains Ecozone
Taiga Plains Ecozone
Taiga Shield Ecozone
Taiga Shield Ecozone
Taiga Shield Ecozone

Wood Buffalo National Park
Cape Churchill Wildlife Management Area (Provincial)
Wapusk National Park
Sand Lakes Provincial Park
Cape Tatnam Wildlife Management Area (Provincial)
Atikaki Wilderness Provincial Park
Numaykoos Lake Provincial Park
Polar Bear Provincial Park
Opasquia Provincial Park
Prince Albert National Park
Lac la Ronge Provincial Park
Wood Buffalo National Park (part of)
Prince Albert National Park
Riding Mountain National Park
Lac la Ronge Provincial Park
Poplar/Nanowin Rivers Provincial Park Reserve
Atikaki Wilderness Provincial Park
Woodland Caribou Provincial Park
Opasquia Provincial Park
Wabakimi Provincial Park
Quetico Provincial Park
Algonquin Provincial Park
Cape Churchill Wildlife Management Area (Provincial)
Wapusk National Park
Cape Tatnam Wildlife Management Area (Provincial)
Polar Bear Provincial Park
Akimiski Island Migratory Bird Sanctuary
Nahanni National Park
Edéhzhíe NWT-PAS Candidate Protected area with Interim Protection
Mackenzie Bison Wildlife Sanctuary
Wood Buffalo NP (part of)
Caribou River Provincial Park Reserve
Numaykoos Lake Provincial Park
Sand Lakes Provincial Park

AB/NT
MB
MB
MB
MB
MB
MB
ON
ON
SK
SK
AB/NT
SK
MB
SK
MB
MB
ON
ON
ON
ON
ON
MB
MB
MB
ON
NU
NT
NT
NT
NT/AB
MB
MB
MB

45,390
8488
11,475
8310
5311
3981
3600
23,552
4730
3875
3361
45,390
3874
9750
3361
7921
3981
4500
4730
8921
4757
7723
8488
11,475
5311
23,552
3367
4765
25,028
6275
45,390
7640
3600
8310

7

Although the lands for the proposed national park in the East Arm of Great Slave Lake have been withdrawn since 1970, they were not included
in the analysis in fall of 2005, because a memorandum of understanding between Parks Canada and the community of Lutsel K’e had not yet
been signed. A memorandum of understanding to establish “Thayden Nene National Park” was signed between the community of Lutsel K’e and
Parks Canada in October 2006. The proposed park will be 33,525 km2 in size, of which 29,560 km2 will be land-based.
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There were additional sites at preliminary stages of the
NWT-PAS, such as Waters of the Desnedhé Che, Slave
River Delta, Sambaa K’e, Pehdzeh Ki Deh, and three
Tulita Conservation Areas (Fig. 2) that might contribute
to representation, but these were not included in the
analysis. Bégádeh (6810 km2) similarly is a candidate area
under the NWT-PAS, but was also not included, as it is
within the Taiga Cordillera Ecozone, outside of the study
area. Thus although some of the optimum locations for
protected areas (as identified via the heuristic algorithms)
overlap with areas proposed under the NWT-PAS (e.g.,
Sahoyúé/§ehdacho), or with the proposed national park in
the East Arm of Great Slave Lake, at least three additional
sites would be needed to achieve full representation for all
disturbance-sensitive mammals (assuming all candidate
sites and candidate sites with interim protection under
the NWT-PAS were to receive final protection), and
several sites would have to be expanded to at least
3000 km2 in order to meet the size criterion as set out in
the Phase 1 report (Wiersma et al. 2005).

Caption needed here

2.4.2 Results
A comparison of optimal locations representing
disturbance-sensitive mammals to existing MRA-sized
protected areas and NWT-PAS candidate protected areas
with interim protection in the WCMP (Fig. 11a) and the
five ecozones (Fig. 11b) shows very little overlap. When
the algorithms were run with the existing protected
areas and those with interim protection ‘seeded’ in first,
there was an average increase of 4.5 sites (range: 1–11)
needed when those areas were included compared to
when the algorithms were run with no pre-existing sites
already committed to protected areas (Table 5). This
indicates that the existing protected areas and NWT-PAS
candidate areas with interim protection are not part of
an optimal solution set for representing disturbancesensitive mammals. For additional insight, analysis of the
Taiga Plains Ecozone was re-run, seeding the data with
all candidate protected areas and candidate areas with
interim protection under the NWT-PAS regardless of
whether they met the 3000 km2 threshold. The addition
of the four areas within the study area8 only resulted in a
small reduction (i.e., by one) of the number of additional
sites needed to represent mammals in the Taiga Plains
Ecozone.
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Readers should be reminded that this analysis is based on
mammal extent-of-occurrence data, and not on area-ofoccupancy data. Range occupancy and relative abundance
could be confirmed by existing protected areas that have
good census data. For proposed areas, or for sites that
have not been surveyed, on-the-ground inventory work
will be necessary to verify the assumptions that species
are present (or not) as determined by the GIS overlay
analysis.
Proposed sites identified in this analysis also overlapped
with some existing protected areas in other parts of
the country, however these were all much smaller than
the 3000 km2 threshold recommended in the Phase 1
report (see Table 6 for a complete listing). Each of these
sites could be examined on a case-by-case basis to see if
there are opportunities for protected-areas expansion,
if it represents less area-demanding species, or whether
management that involves adjacent landowners could be
carried out to increase connectivity, and thereby increase
the effective size of the protected area.

8
Ts’ude’hliline-Tuyetah Candidate Protected Area (14,556 km 2),
Sahoyúé (2893 km2) and §ehdacho (2642 km2) Candidate Protected
Areas with Interim Protected Areas, together with Ezodzìtì Tłicho
Heritage Area (1366 km2).
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Figure 11a Comparison of optimal site locations for representing mammals using a richness-based (shaded squares) and rarity-based
(squares with thick outlines) reserve selection algorithm, to existing protected areas (in black) that are at least 3000 km2 in the
WCMP. NWT-PAS candidate areas, NWT-PAS candidate areas with interim protection, and proposed national parks, are
shown in grey.

Figure 11b Comparison of optimal site locations to represent mammals using heuristic reserve selection algorithms, to existing protected
areas that are at least 3000 km2 in the five ecozones. Descriptions of site locations are as in Figure 11a. Existing protected areas
are shown as black polygons (or as black dots where polygon files were not available). NWT-PAS candidate areas, NWT-PAS
candidate areas with interim protection, and proposed national parks, are shown in grey.

Protected Areas in Northern Canada: Identifying Ecological Areas to Represent Mammals

25

Table 5

Number of additional MRA-sized sites needed to encompass all mammals in at least one protected ecological area, as derived
from the rarity-based algorithm. Column 2 shows the number of sites in a minimum set needed to represent mammals in each
target region. Column 3 shows the number of existing protected areas that exceed 3000 km2. Column 4 (shaded) shows how
many additional sites are needed to represent all mammals once the sites in column 3 are taken into account, and column 5
represents the total of columns 3 and 4. A comparison of columns 2 and 5 shows by how much current protected areas are part
of an efficient solution to represent mammals; the less the difference between the two values, the better the contribution of the
existing areas.

TARGET REGION

Number of sites
Number of
needed using the existing MRArarity-based
sized protected
algorithm
areas

Number of
TOTAL number
additional sites of sites needed
needed using including existing
rarity-based
protected areas
algorithms when (column 3 + 4)
protected areas
in column 3
are included

WCMP

5

11

5

16

Taiga Plains Ecozone

5

41

4

8

Taiga Shield Ecozone

5

3

5

8

Hudson Plains Ecozone

3

5

2

7

Boreal Plains Ecozone

6

3

4

7

Boreal Shield Ecozone

7

6

7

13

Taiga Plains Ecozone2

5

82

3

11

1

One of these is under interim protection (Edéhzhíe Candidate Area
with Interim Protection).

2

Re-analysis using Ts’ude’hliline-Tuyetah Candidate Area
(14,556 km2), and those NWT-PAS interim areas that are <3000 km 2 ;
Sahoyúé (2893 km2) and §ehdacho (2642 km 2), together with Ezodzìtì
(1366 km2), which is protected under the Tłicho Agreement.
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Table 6

Existing protected areas that align with sites identified as part of a minimum set representative for mammals, but that do not
meet the 3000 km2 size threshold outlined in the Phase 1 report.

Ecozone

Name

Jurisdiction

Size (km2)

Boreal Shield
Boreal Shield

Athabaska Sand Dunes Provincial Wilderness Park
Chappuis-Fontaine Lakes Special Management Area
(proposed under RAN)
Nakina Moraine Provincial Park
Sioux Narrows Provincial Park
Five Mile Lake Provincial Park
Wakami Lake Provincial Park
Bon Echo Provincial Park
McGeachie Conservation Area
Flinton Conservation Area
Whitemouth River Ecological Reserve
Massif-de-la-Petite-Riviere-Saint-Fancois
Sir Richard Squires Memorial Provincial Park

Saskatchewan

1925.0

Saskatchewan
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Manitoba
Québec
Newfoundland &
Labrador

unavailable
53.2
1.2
4.6
88.1
66.4
1.5
0.02
1.4
44.0

Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
Boreal Shield
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3. Study Findings and Conclusions

Caption needed — Vuntut National Park, Yukon Territory

the reserve selection analysis are designed to be large
enough to meet requirements for ecological integrity
(in this analysis, a minimum size threshold of 3000
km2 was used), then the proposed suite of ecological
areas is predicted to have a high probability of meeting
standards for species representation and persistence.

3.1 Summary
This study demonstrates the application of an algorithmbased GIS analysis designed to identify ecological
areas that efficiently represent a suite of mammals in
the Western Canadian Mammal Province and five
overlapping ecozones.
2.
The key findings of the study are:
1.
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Heuristic reserve selection algorithms can be used
to identify near-optimal locations for sites within a
target region. These sites are ‘near-optimal’ in that
they maximize efficiency in representing species
with a minimum number of sites. This happens
because reserve selection algorithms are based on the
principle of complementarity. When sites applied in

In this study, disturbance-sensitive mammals were
used as the focal species group to identify representative
ecological areas within the Western Canadian Mammal
Province, as well as in five ecozones (the Boreal Shield,
Boreal Plains, Hudson Plains, Taiga Plains, Taiga
Shield). For these target regions, a heuristic algorithm
based on prioritizing site selection on species rarity
(in terms of extent-of-occurrence) was more efficient
than one based on prioritizing site selection on species
richness (i.e., biodiversity hotspots).
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3.

This study, consistent with others, found that
patterns in species diversity, particularly patterns in
species turnover across a south-to-north gradient,
was a good predictor of the number of sites needed
to represent a given target region. An analysis of
diversity patterns may assist with the identification
of efficient locations for protected ecological areas
independently of the need to run reserve selection
algorithms.

4.

In this study, the size of the target region was not a
good predictor of how many sites (ecological areas)
were needed to represent it.

5.

This study found that size of target region was
significant in terms of realizing economies of scale.
Larger target regions required fewer sites than the
sum of individual smaller target regions within
them. This is important because it shows that smaller
target regions may introduce redundancies in terms
of which species are represented by protected areas
within them. Such redundancies are generally
desirable from a conservation standpoint since they
may serve to conserve genetic diversity or different
ecotypes. As well, replicates can serve as an insurance
against stochastic events.

6.

A gap analysis between the suite of ecological areas
selected using heuristic reserve selection algorithms
and existing protected areas larger than 3000 km2
found that existing areas do not contribute very
effectively to representing targeted mammals within
ecozones.

7.

Although there was some overlap between the
location of sites proposed using the heuristic
algorithms (a “top-down” approach) and candidate
areas identified through the Northwest Territories
Protected Areas Strategy (NWT-PAS; a “bottomup” approach), this study found that additional
sites are needed beyond the NWT-PAS candidate
areas and candidate areas with interim protection
to adequately represent disturbance-sensitive
mammals. Various large NWT-PAS proposals,
so-called “NWT-PAS Areas of Interest” were at
preliminary stages of the NWT-PAS process at the
time of the analysis and were not including in this
study.

8.

The Phase 2 study illustrates the potential utility
for reserve selection analyses and examination
of diversity patterns to contribute to top-down
protected-areas planning. As well, the study
illustrates that top-down approaches are limited
by the type of data used, and that a combination of
top-down, coarse-scale and bottom-up, fine-scale
approaches is the best strategy to ensure effective
and efficient conservation planning.

3.2 Discussion
This study set out to implement some of the
recommendations made in the CCEA Phase 1 Northern
Protected Areas report (Wiersma et al. 2005) as a case
study example of how a coarse-fi lter approach could be
used for representative protected areas planning, at least
for disturbance-sensitive mammals. Thus, this study
illustrates how representative ecological areas can be
identified using GIS species occurrence map data and
heuristic reserve selection algorithms. These methods
require moderately powerful computers and GIS software,
to which most protected agencies have access. While they
are somewhat time-consuming, the algorithms are quite
straightforward, and can be automated using readily
available software. However, the type of spatially referenced
GIS data available limits this approach for protected areas
planning. In this case, digital species occurrence maps
for mammals were used. These have limitations in that
they only portray “extent of occurrence” and not “area of
occupancy”. Thus, if any of the proposed areas here are in
a part of a species’ range that is not actually occupied by
the species, or is occupied by a “sink” population, then
the suite of protected areas proposed will not adequately
represent all species. The problem could be compounded
if a protected area precluded further protection
opportunities. Unfortunately, high-resolution data on
actual species occurrences, together with abundance
and demographic data, are not generally available across
large geographic regions, although there are some good
location data for species-at-risk. The analysis in this study
was also restricted to one taxonomic group. To be truly
representative of northern biodiversity, the analysis would
have to incorporate data on other taxa (e.g., plants, birds,
invertebrates), and on vegetation and landform features.
However, such data are not available across the study
region, illustrating how this type of work is ultimately
limited by the quality and quantity of data available.
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The analysis presented in this study allowed for tests of
two hypotheses about what factors might drive minimum
requirements for representative areas; namely diversity
patterns and scale, i.e., size of the target region. Consistent
with other studies that have carried out similar analyses
using mammal range data (Wiersma and Urban 2005;
Wiersma 2006), this study suggested that beta-diversity
(as measured using Bray-Curtis dissimilarity along a
south-to-north gradient) had the most important effect
on the minimum number of sites needed to represent
targeted mammals in individual target regions. Because
the Bray-Curtis index is a spatially explicit means of
quantifying beta-diversity, future projects might be
able to identify number and locations for representative
protected areas by analyzing such diversity patterns
(perhaps for a range of species and features), rather than
via conducting reserve selection algorithms.
As well, this study concurred with others (Wiersma 2006;
Wiersma in press) that there is not a strong relationship
between the size of target region and number of protected
areas needed to represent mammals, but that there are
‘economies of scale’ when smaller target regions are
combined into a single large one. In all cases, the number
of protected areas needed to represent mammals in the
larger target region is much less than the sum needed to
represent smaller regions within it. However, very large
target regions are not desirable, since there may be distinct
sub-populations, ecotypes, or subspecies of certain species
that would not be represented using a large target region.
Managers should examine the species composition of a
target region to decide whether it is homogenous in terms
of species populations/ecotypes, etc. If expert knowledge
suggests there are distinct populations or ecotypes of some
species, then it may be necessary to subdivide the region
into smaller target regions. This has significance with
respect to discussions about representation and efficiency.
It is important to recognize that efficient solutions for one
species group (i.e., mammals) may not represent other
taxonomic groups adequately. Further analyses of the sort
carried out in this project, but using data from multiple
taxa, might shed light on this issue, and identify minimum
thresholds for representation across species groups. As
well, when delineating protected areas, it is important to
consider minimum size requirements. Finally, the context
of the surrounding habitat matrix, i.e., what kinds of landuses and habitat change have occurred or might occur
outside protected area boundaries, must be an important
consideration (Wiersma et al. 2005).
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The Phase 1 report outlined the importance of using a
top-down, coarse fi lter approach, and a bottom-up, fine
fi lter approach. While it is not possible to ‘test’ whether
proposed protected areas networks are adequate in a
rigorous experimental sense, agreement between the
two methods in a given region would lend strength and
support to implementing those areas. The comparison of
the results in the Taiga Plains Ecozone with the candidate
areas and candidate areas with interim protection
identified through the NWT-PAS shows some overlap
(e.g., Sahoyúé/§ehdacho), as well as with some existing
protected areas in the NPA study area (e.g., Nahanni
National Park Reserve, Wood Buffalo National Park,
Cape Churchill Wildlife Sanctuary, Numaykoos Lake and
Atikaki Wilderness Provincial Parks, along with those
smaller protected areas listed in Table 6). However, the
gap analysis showed that even if all NWT-PAS candidate
areas and candidate areas with interim protection were
to receive full protection, they (together with existing
protected areas of at least 3000 km2) would still not be
sufficient to represent all disturbance-sensitive mammals.
In some cases these sites appeared to contribute to efficient
representation of mammals, as fewer additional sites were
needed when existing or proposed protected areas were
included in the Hudson Plains, Taiga Plains, and Boreal
Plains Ecozones.
It should be stressed that the analysis of this study was
constrained by representation of mammals, and areas
proposed under the NWT-PAS were proposed for a host
of reasons, including cultural and traditional values. For
example, the community of Deline identified Sahoyúé/
§ehdacho as having important historical value together
with a pristine landscape, while both the Dehcho and
Tłicho First Nations chose Edéhzhíe as important for
boreal caribou, for river headwaters protection, and as an
important harvesting area. The people of Fort Good Hope
identified Ts’ude’hliline-Tuyetah as an important wetland
area, waterfowl breeding site, and a traditional area for
hunting beaver (Castor canadensis), muskrat (Ondatra
zibethicus) and moose (Alces alces). These types of values
are important reasons to set aside protected areas, but
are not encompassed as ‘data elements’ in the heuristic
reserve selection algorithms used in this report.
The top-down, coarse fi lter approach lends itself most
readily to Goal 2 of the NWT-PAS, which aims to “Protect
core representative areas within each ecoregion of the
NWT”, while the community consultation contributes
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more to Goal 1, which aims to “Protect special natural
and cultural areas of the NWT” (NWT-PAS 2005). These
goals are complementary to each other and should
be conducted in tandem. Goal 1 can identify features
using detailed data that have been ‘ground-truthed’
by traditional users having an intimate knowledge of
the land. These can be incorporated into ‘big picture’
approaches that make use of techniques like heuristic
reserve selection algorithms, but that lack detailed data
to evaluate how many additional sites may be needed, and
where they should be located to represent ecoregions. The
sites suggested by the coarse-fi lter approaches should be
presented to local communities that have more detailed
knowledge for evaluation, to verify the predictions made
using GIS data.
The academic literature on protected areas planning
around the world is emphasizing a move beyond
conservation of specific sites toward networks of
protected areas. The use of systematic approaches to
protected areas planning, such as via reserve selection
algorithms, is one method for building networks, since
sites are complementary to each other. A truly protected
areas network, however, is more than just a suite of core

representative sites as identified here, and includes smaller
protected areas that can serve as stepping stones, enhance
connectivity, and contribute to the conservation of finescale features. As well, network planning should include
progressive matrix management that ensures landscape
connectivity and maintenance of ecological processes
(gene flow, hydrology, disturbance regimes, etc.)
(Wiersma et al. 2005). This level of network planning is
best carried out at an intermediate scale (e.g., 1:250 000),
instead of the coarse-fi lter approach used in this project.
Thus, the Phase 2 report of the CCEA NPA project
illustrates how some of the guidelines suggested in Phase
1 could be implemented. This report demonstrates the
benefits of using both a coarse fi lter and fine fi lter (“topdown” and “bottom-up”) approach in tandem. It also
illustrates quite clearly the need for high quality data, a
point that was stressed in Phase 1. Other recommendations
in the Phase 1 report, such as guidelines for boundary
delineation and an examination of adjacent land-use,
were not examined in this case study. These steps are
more appropriate to later stages of implementation of
protected areas plans, and should be conducted at a finer
resolution than that considered here.
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3.3 Future Directions
Protected-areas planning is a dynamic, ongoing process.
The academic disciplines of conservation biology and
landscape ecology that inform the process are also
continually evolving as new knowledge is gained. This
Phase 2 study points to as many, if not more, new questions
as it tries to answer. While the Phase 2 report sheds light
on several hypotheses about designing protected areas that
are representative for mammals, it is also informative in
that it can help focus future research. A logical next step
is to move from the coarse-fi lter approach toward a finerfi lter by ‘zooming in’ to a case study region at the ecozone
level. An ecozone could be chosen to conduct a ‘mediumfi lter’ analysis that might incorporate data on topography,
landforms/vegetation, species distributions (data from
surveys of those well-studied species in addition to range
map data), range and occurrence data on other species
(birds, plants, invertebrates) and to re-run the reserve
selection algorithms within the single ecozone to refine
the process of identification of representative areas. If
inventory work for NWT-PAS candidate areas has been
undertaken, this would be an appropriate geographic
area to integrate this kind of data, in essence merging the
‘top-down’ and ‘bottom-up’ approaches.
Work to date has made use of heuristic algorithms.
While these have widespread acceptance in the academic
literature, they leave the impression that the solution they
identify is the optimal one. In a real-world setting however,
heuristic algorithms are not always as efficient as outputs
from optimizing algorithms (Vanderkam et al. in press).
Software such as C-Plan and MARXAN give irreplaceability
values for a range of sites, and thus introduce a greater
degree of flexibility in the process of selecting alternative
suites of sites. A study of the Mackenzie Valley ecoregions
has recently been completed that uses MARXAN to identify
potential core representative areas, based on soils, geology,
elevation/climate zones, and vegetation (J. Wilson, pers.
comm.). Studies such as the NWT MARXAN potential
core representative areas analysis should be merged with
some of the approaches outlined in this Phase 2 study at
the ‘medium-fi lter’ scale.
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As well, at a finer spatial extent than the one carried out
in Phase 2, and informed by additional data, it may be
possible to move beyond the square MRA grid-squares
used for the analysis in this report and start trying to
implement some of the Phase 1 recommendations with
respect to boundary delineation, shape, inter-reserve
distance, etc. Concurrently with this, a site-by-site
assessment of ecological integrity could also be conducted
in conjunction with as an examination of competing
land-uses that may constrain biodiversity conservation.
This might profitably be done using the “reverse matrix
model”, a conceptual model that was discussed in Phase
1 of the NPA report and in Schmiegelow et al. (2006).
The reverse matrix model proposes that in the relatively
unaltered parts of the country, planning should consider
nodes and networks of development in a matrix of
habitat, rather than the opposite, nodes and networks of
habitat in a matrix of development, which has been the
norm in temperate regions. However, the reverse matrix
is currently a framework that has not been implemented
using real data. It may be possible to use land-use change
modelling techniques in tandem with protected areas in
a GIS environment to further develop the concept of the
reverse matrix. This would have to be done at a relatively
small spatial extent, and would make use of fine-scale
ecological data, as well as socio-economic spatial data
such as infrastructure, development, land tenure, and
census patterns.
Overall, protected-areas design is a complex process
and must acknowledge the need to conduct analysis at
multiple spatial scales. Neither coarse-fi lter nor fine-fi lter
analysis alone will satisfy requirements for protected
areas systems that are ecologically effective and efficient.
The literature (some of which is summarized here, and
in the earlier Phase 1 report) suggests different strategies
and tools for addressing protected areas design at multiple
spatial scales. Reserve selection algorithms are useful as
part of systematic planning at a coarse-fi lter level, and
models for community consultation exist which can
assist with the process of informing medium- and finefi lter planning. Continued use of these two strategies,
and increased synergies between top-down and bottomup methods and projects will lead to planning for
conservation that has a higher probability of meeting
conservation objectives.
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