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ABSTRACT: A gap analysis study was conducted to assess the effectiveness of the protected area
network in the Yukon Territory, based on the degree of representation of key ecological features.
Protected area (PA) networks that are representative of the ecology over a large region are
considered desirable for conservation; however, representative PA networks are challenging to
achieve because ecological gaps often exist in the PA network. Ecological gaps signify
conservation shortfalls, which weaken the overall success of the PA network. To determine if
gaps were present in the Yukon’s PA network, five geographic information systems datasets
were obtained from a variety of sources, in order to be processed in the gap analysis study of the
Yukon. A comparison index method was employed to evaluate the representation of ecological
features from three of the datasets: ecoregions, landcover and wildlife key areas. In addition,
two human disturbance datasets, roads and communities, were used to assess the human footprint
across the landscape. The results illustrated that the human footprint in the Yukon was generally
minor; however, the region surrounding the city of Whitehorse was found to have the highest
level of human disturbance. Areas which were disturbed by humans were considered
unfavourable for conservation purposes, while regions relatively devoid of human impacts were
considerably more desirable. Regions which displayed low levels of representation of ecological
features were also ecologically desirable because these areas represented gaps in the Yukon’s PA
network. Of the 57 ecological features used in this gap analysis study, 51% were not well
represented by the current PA network, which highlights that there were substantial ecological
gaps. The most prominent gaps were located in the southeast, central-west and northeast
portions of the Yukon. Less critical gaps were prevalent throughout central Yukon. The
findings also identified which ecological features were inadequately represented.
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1.0 INTRODUCTION
1.1 RESEARCH SIGNIFICANCE
Canada’s 4th National Report to the United Nations Convention on Biological Diversity
indicated that protected areas (PAs) were one of the most effective methods for maintaining the
health of ecosystems and conserving biodiversity (2009). However, PAs were traditionally
established primarily based on social and economic factors, rather than conservation criteria
(Oldfield et al. 2004; Wiersma and Nudds 2009). Therefore, PAs may not conserve the most
ecologically significant portions of a region if environmental considerations were not highly
valued when delimitating the park boundaries (Oldfield et al. 2004; Wiersma and Nudds 2009).
As a result, ecologically significant features may be inadequately represented in a region’s
conservation network, resulting in gaps potentially existing in the PA network of the area (Scott
et al. 1993; Oldfield et al. 2004; Trisurat 2007).
Areas in high northern latitudes, such as the Yukon, are particularly important to
effectively conserve because climate change is impacting these latitudes more significantly than
other regions of the world (Scott et al. 2002; ACIA 2005; Lemieux et al. 2011). The high
sensitivity of northern latitudes to climate change is a result of feedback cycles in these regions
(ACIA 2005). The significance of climate change on the ecology of the Yukon, coupled with the
territory’s high biodiversity, in relation to other northern regions, and its relatively low human
disturbance, results in the Yukon being a significant area for conservation research.
The Yukon Territory currently has approximately 12% of its land under some level of
environmental protection (Fig. 1) (Yukon Environment 2008). However, a large portion of the
protected land is covered by rock and ice; thus, not all portions of the PAs are capable of
conserving high levels of biodiversity (Wiersma 2008). Consequently, the high biodiversity of
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inadequately

conserved by the existing PA network
(Wiersma 2008).

A comprehensive

assessment of the Yukon PA network is
necessary to accurately determine the
success of the network and thus the extent
and severity of the conservation gaps.
Determining gaps in the PA network will
allow management bodies to adjust
conservation strategies to more fully
protect the Yukon’s biodiversity and
environmental health.
Figure 1: Yukon parks and protected areas

1.2 RESEARCH OBJECTIVES
1. Evaluate the efficacy of existing parks and protected areas in the Yukon to determine the
level of representation of identified ecological features
2. Identify gaps in the Yukon protected area network by determining which ecological
features are inadequately represented by parks and protected areas, and identify the
spatial location of these gaps
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2.0 LITERATURE REVIEW
2.1 THE YUKON TERRITORY
The Yukon Territory covers 483,000km2 of land between approximately 60o and 70oN in
northwestern Canada (Fig. 1). This arctic and sub-arctic environment is characterised by mean
annual temperatures below 0oC and low levels of precipitation, primarily in the form of snow
(Berg et al. 2006; Danby et al. 2011). The topography of the region varies significantly from
plains and plateaus in the north, to mountains in the south (Theberge et al. 1980). A portion of
the largest non-polar icefield in the world is located in southwestern Yukon (Danby et al. 2003).
The territory contains 24 ecoregions, which are areas of geographically distinct assemblages of
communities and species (Wiersma 2008). Four of these ecoregions are predominately located
outside of the Yukon, while the remaining 20 are largely contained in the Yukon (Wiersma
2008).
The vegetation cover across the Yukon is primarily controlled by variations in the
climatic regimes (Scudder 1997). In northern Yukon, the landscape is dominated by tundra due
to the short growing season and harsh winter conditions, both of which restrict plant grow rates
(Theberge et al. 1980; Scudder 1997). The climate in the south is milder and the growing season
is longer, due to greater solar insolation, which enables forest ecosystems to exist over much of
this region (Scudder 1997). The diversity in wildlife species is also high due to the range of
habitat types available (Danby et al. 2003; Yukon Environment 2008). Common species include
caribou, grizzly bears, moose, raptors and waterfowl (Yukon Environment 2008).
The Yukon is sparsely populated with a population size of approximately 35,800 and an
annual average growth rate of 1.6% (Yukon Bureau of Statistics 2011). The population is
unevenly distributed between the territory’s settlements, with 76% of the population residing in
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the capital city of Whitehorse (Yukon Bureau of Statistics 2011).

2.2 YUKON PARKS AND PROTECTED AREAS
Protected area designations in the Yukon include territorial parks, habitat protection
areas, special management areas, national wildlife areas and national parks and reserves (Yukon
Environment 2008). Approximately 12% of the land in the Yukon Territory is included in
protected areas (PAs) of some designation (Fig. 1) (Yukon Environment 2008). In comparison,
9.9% of the land is protected across Canada (Benidickson 2009).
The Yukon contains three national parks: Kluane, Ivvavik and Vuntut, which were
designated in 1972, 1984 and 1995, respectively (Yukon Environment 2008). Parks Canada is
the management body responsible for establishing, implementing and administering a
management plan for these three national parks (Parks Canada 2010). In accordance with the
Canada National Parks Act, hunting and commercial fishing are prohibited in national parks,
except by First Nations, fire prevention is common and recreational activities are emphasised
(Theberge et al. 1980; Parks Canada 2010). The PA restrictions differ by park designation and
result in various levels of conservation being achieved (Theberge et al. 1980).
The ecological value of PAs is determined by the park designation, the level of
representation of ecological features and the proportion of viable habitat contained within the
park (Yukon Environment 2008; Wiersma 2008). As an example, Kluane National Park and
Reserve covers an area of approximately 22,000 km2; however, less than 30% of the land in this
park is considered viable habitat due to the large extent of glaciers and icefields in the park
(Danby et al. 2003; Parks Canada 2010).
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2.3 GAP ANALYSIS
A gap analysis study is a conservation approach which identifies ecologically significant
features within a given region, which are desirable to include in the region’s protected area (PA)
network (Scott et al. 1993; Savitsky et al. 1998; Huber et al. 2010). To carry out a gap analysis
method, PA boundaries are overlaid on a variety of spatial datasets containing key ecological
elements (Scott et al. 1993; Huber et al. 2010). The ecological datasets can contain a wide
variety of features including locations of high biodiversity, disturbance-sensitive species, key
habitats, natural ecosystems or vegetation assemblages (Theberge et al. 1980; Scott et al. 1993;
Iacobelli et al. 2006; Wiersma and Nudds 2009). In addition, human footprint datasets, such as
roads and communities, can be incorporated into the gap analysis study to identify areas that are
ecologically less desirable (Xiaofeng et al. 2011). Selection of datasets for a gap analysis study
depends on the scope of the study, the regional importance of ecological elements and the
availability of spatial data. By conducting a gap analysis study, gaps in representation, focal
species and connectivity of the current PA network can be identified (Huber et al. 2010).
Ecological representation was identified as a fundamental conservation goal in Canada by
the National Parks System Plan, which was established in 1970 (Benidickson 2009). Since the
implementation of this plan, provincial and federal conservation bodies have endeavoured to
develop and maintain PAs which are representative of Canada’s ecological diversity
(Benidickson 2009).

Specifically, the Yukon Protected Areas Strategy initially called for

representation of all ecoregions within the territory’s PA network (Wiersma and Urban 2005;
Wiersma 2008). While this goal has not been achieved, the value of developing a representative
PA network is still considered highly advantageous by Environment Yukon (Wiersma 2008).
In a gap analysis study, the level of representation of each ecological feature can be
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calculated using a comparison index (CI) method (Hazen and Anthamatten 2004; Trisurat 2007;
Shrestha et al. 2010). Regions found to have a CI value of one or greater are considered to be
well represented while areas with CI values of less than one are deemed underrepresented
(Hazen and Anthamatten 2004; Trisurat 2007; Shrestha et al. 2010). This method enables the
representation of multiple ecological features to be quantified individually as well as
collectively. Underrepresented regions, indicated by low CI values, can thus be concentrated on
when developing future conservation efforts (Scott et al. 1993; Wiersma and Nudds 2009).
Wiersma and Urban (2005) conducted a gap analysis study of Canada which indicated
that disturbance-sensitive mammals were underrepresented in the Yukon’s PA network; thus,
mammal diversity was being inadequately protected. However, a systematic gap analysis study
which considers multiple ecological features has not been completed for the Yukon. Therefore,
the level of representation of ecological diversity, and the subsequent success of the PA network,
has yet to be fully assessed in the Yukon. A comprehensive gap analysis study to assess the
representation of key ecological features in the Yukon’s PA network would determine if the
conservation targets for the territory are being accomplished and where conservation efforts
should be focused (Wiersma 2008).

2.4 CLIMATE CHANGE AND PROTECTED AREAS
Anthropogenic climate change has, and will continue to, shift the geographic
distributions of species as well as alter the health of ecosystems across the world (Lemieux et al.
2011; Monzón et al. 2011). Since most protected areas (PAs) were not established with climate
change embedded in their management plans, few PAs will be able to achieve their conservation
goals in the future, unless climate change adaptation strategies are introduced (Monzón et al.
2011). Shifts in species ranges to regions outside of protected areas, declines in ecosystems’
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health and increases in the occurrences of diseases and insect infestations are some of the
negative impacts of climate change that PA management bodies are challenged with (Berg et al.
2006; Monzón et al. 2011). For example, Kluane National Park rarely experienced spruce beetle
outbreaks over the last 250 years but, during the 1990s, severe and widespread outbreaks plagued
the region (Berg et al. 2006). Outbreaks of spruce beetles, which were correlated with higher
than average summer temperatures, resulted in the loss of 350,000ha of forest across
southwestern Yukon (Berg et al. 2006). Catastrophic events such as these are predicted to
increase in frequency as a result of climate change (Berg et al. 2006).
Northern regions, including PAs, are particularly susceptible to climate induced declines
in ecosystem health and biodiversity (ACIA 2005; Lemieux et al. 2011). Over the past 100
years, the average temperature in the Arctic has risen by approximately twice the global rate,
which had significant environmental repercussions (IPCC 2007; ACIA 2005). Amplified Arctic
warming is largely due to feedback processes which accelerate initial warming conditions (ACIA
2005). Climate change has already resulted in glacial melting, permafrost thawing and reduced
spatial and temporal coverage of sea ice at northern latitudes (ACIA 2005). Arctic warming does
not occur in isolation because climatic conditions in the Arctic influence the global climate
through ocean and atmosphere circulation (ACIA 2005). Therefore, enhanced environmental
reactions to climate change in the Arctic have global repercussions (ACIA 2005).
Changes in vegetation assemblages and shifts in species ranges have already been recorded in
northern latitudes as a result of climate change (Scott et al. 2002; Danby et al. 2011; Monzón et
al. 2011). One study indicates that it will be necessary for some species in Canada to migrate
northwards at a rate of 1,000m yr-1 in order to survive in a rapidly changing climate (Scott et al.
2002).

The static boundaries of PAs, as well as the limited inclusion of climate change
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management procedures in PA plans, suggests that PAs are currently not capable of coping with
climate change (Monzón et al. 2011). Adaptive management techniques must therefore be
implemented into PAs current management plans in order for conservation levels to be
maintained (Baron et al. 2009; Monzón et al. 2011). Furthermore, the response of northern PAs
must be even more rapid than global efforts, if they are to succeed at combating the negative
environmental impact of climate change (Monzón et al. 2011).
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3.0 DATA AND METHODS
3.1 GAP ANALYSIS REPRESENTATION FRAMEWORK
Various conservation approaches can be used for a gap analysis (GA) study including
methods that aim to conserve ecological representation, focal species or connectivity (Huber et
al. 2011). Traditionally, the focal species approach was the dominant conservation method
applied to PAs (Scott et al. 1993; Monzón et al. 2011). However, it is becoming increasingly
apparent that PAs must be representative of a wide range of ecological features in order to
successfully achieve their conservation goals (Scott et al. 1993; Hazen and Anthamatten 2004;
Wiersma 2008; Shrestha et al. 2010). Since both Canada’s National Parks System Plan and the
Yukon Protected Area Strategy indicate ecological representation as a key conservation goal for
Canada’s PAs, this representation approach was used for this gap analysis study.

3.2 DATA SOURCES
Spatial datasets pertaining to relevant ecological and human components of the Yukon
Territory were obtained from reliable sources, including government datasets and scientific
studies. When multiple datasets were available for a specific component of the landscape, the
dataset containing the most updated data and/or the highest resolution was selected as the most
appropriate for this study. Seven geographic information systems (GIS) datasets were used in
this gap analysis study: the Yukon border, parks and protected areas, wildlife key areas,
ecoregions, landcover, major roads and communities (Table 1). Relevant metadata for these
datasets is provided in Table 1.
The Wildlife Key Areas (WKAs) dataset was produced by the Yukon Department of
Environment by combining information from a wide range of wildlife surveys as well as
consultation with people who were highly knowledgeable about Yukon wildlife (Yukon
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Environment 2009). WKAs are areas used by specific species or groups of species for critical
life functions (Yukon Environment 2009). For example, key areas for thinhorn sheep are areas
used by the sheep for lambing sites and mineral licks (Yukon Environment 2009).

Table 1: Sources and relevant metadata of the seven GIS datasets
*Maps displaying raw data for the three ecological datasets are included in Appendices I, II and III
DATASET

SOURCE

FORMAT

RESOLUTION

DATE

Yukon border

Surveyor General Branch, Natural
Resources Canada, Government of
Canada

Polyline

Survey

Ongoing
updates

Parks and Protected
Areas

Geomatics, Department of Environment,
Government of Yukon

Polygon

1:250,000

2006

Wildlife Key Areas*

Habitat Programs Section Fish and
Wildlife Branch Department of
Environment Government of Yukon

Geodatabase

1:250,000

2009

Ecoregions*

Ecosystems Science Directorate,
Environment Canada and Research
Branch, Agriculture and Agri-Food
Canada, Government of Canada

Polygon

1:1,000,000

1999

Landcover*

Canada Centre for Remote Sensing

Raster

1:250,000

2005

Major Roads

Digital Chart of the World

Polyline

1:1,000,000

1997

Communities

Atlas of Canada, Government of Canada

Polygon

1:1,000,000

2009

3.3 EXTRACTING AND CLASSIFYING FEATURES
3.3.1 Ecological Representation
The features contained in the three ecological datasets (ecoregions, landcover and
wildlife key areas) were extracted from the datasets onto separate layers in order to determine the
level of representation of each of these features in the Yukon’s PA network (Fig. 2). Two of the
ecological datasets, ecoregions and landcover, were divided into ecological features based on the
classifications provided within the datasets (Table 2).

The wildlife key areas dataset was

handled slightly differently and the dataset was primarily separated into ecological features by
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species (Table 2). In some instances this approach was not appropriate, due to data restrictions.
For example, many key areas were not identified to the species level for raptors in the original
WKA dataset due to the limitations of the wildlife surveys used to generate the WKA data.
Therefore, it was considered most appropriate to group the key areas for raptor species into one
layer (Table 2). One exception to this rule was made for the Peregrine Falcon, because this
species is listed by COSEWIC as of Special Concern in the Yukon. Thus, key areas for this
raptor species were treated separately from the main raptor layer to ensure that these key areas
were provided adequate conservation consideration in the gap analysis study. Generating key
area features based on species groups was also necessary for small mammals, marine mammals,
waterfowl and galliforms (Table 2). Additionally, it is important to note that key areas data for
carnivore species was largely incomplete in the original WKA dataset. Therefore this data was
excluded from the analysis for all mammalian carnivore species, except for polar bears, as it was
determined to have minimal use to this study.
Once the ecological features had been extracted from the three datasets, the features were
each classified based on their level of representation in the Yukon’s PA network (Fig. 2). The
representation of ecological features was calculated using the comparison index (CI) method
employed by Hazen and Anthamatten (2004). A CI value was calculated for each of the 57
ecological features identified in this study. Each CI was calculated by dividing the percentage of
protected land in the Yukon that was covered by a specific ecological feature by the percentage
of the same feature covering the Yukon (Appendix VI). Ecological features with calculated CI
values that were less than 1 were considered poorly represented while features with CI values
greater than 1 were considered well represented (Table 3) (Hazen and Anthamatten 2004;
Trisurat 2007; Shrestha et al. 2010). The CI values were classified based on the rules in Table 3.
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Table 2: Ecological features identified and extracted from the ecoregions, landcover and wildlife key areas datasets
ECOREGIONS

LANDCOVER

WILDLIFE KEY AREAS

Boreal Mountains and Plateaus

Temperate or sub-polar needleleaf forest

Barren-ground caribou

British-Richardson Mountains

Woodland caribou

Eagle Plains

Sub-polar taiga needleleaf forest
Temperate or sub-polar broadleaf
deciduous forest
Mixed forest

Fort MacPherson Plain

Temperate or sub-polar shrubland

Moose

Hyland Highland

Temperate or sub-polar grassland

Mountain goat

Klondike Plateau

Sub-polar or polar shrubland-lichen-moss

Mule deer

Liard Basin

Sub-polar or polar grassland-lichen-moss

Muskox

Mackenzie Mountains

Sub-polar or polar barren-lichen-moss

Thinhorn sheep

Muskwa Plateau

Wetland

Waterfowl

North Ogilvie Mountains

Cropland

Small mammals

Northern Alberta Uplands

Barren lands

Shorebirds

Old Crow Basin

Urban and built-up

Marine mammals

Old Crow Flats

Water

Bowhead whale

Peel River Plateau

Snow and ice

Raptors

Chugach-St. Elias Mountains

Bison
Elk

Pelly Mountains

Peregrine falcon

Ruby Ranges

Polar bear

Selwynn Mountains

Galliform

St. Elias Mountains
Yukon Coastal Plain
Yukon Plateau-Central
Yukon Plateau-North
Yukon Southern Lakes
Yukon-Stikine Highlands

Ecological features which did not overlap with any of the Yukon’s PAs, and thus had a
CI value of 0.00, were assigned a classification value of 2 (Table 3). These features were not
represented by the PA network and the classification value reflected this by indicating that the
feature represented a significant ecological gap. In contrast, ecological features which had CI
values of greater than 1.00, because they were well represented by the PA network, were
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assigned a classification value of 0; this indicated that these features did not constitute ecological
gaps (Table 3). Additionally, an “undesirable feature” classification was necessary because the
landcover dataset contained agricultural land and urban areas as two of the landcover types.
Agricultural land and urban areas are not desirable to be represented in PAs; thus, areas on the
landscape designated by these land use types were assigned a classification value of -1 (Table 3).
Table 3: Comparison Index classifications and associated values
COMPARISON INDEX

CLASSIFICATION

COMMENTS

0.00

2

Ecological feature is not represented

0.01 – 1.00

1

Under represented ecological feature

1.01 – 8.00

0

Well represented ecological feature

None

-1

Undesirable feature

An additional step was required for the WKA dataset and this was to standardize the
classifications (Fig. 2). Standardization of this dataset was necessary for two reasons. Firstly,
the WKA features could overlap as a result of multiple wildlife species being able to use the
same point on the landscape. In contrast, the features in the ecoregions and landcover datasets
are geographically distinct; therefore, there could be no overlap of features within these two
datasets. If the WKA dataset was not standardized, the overlap of features within this dataset
would result in the WKA category having a higher influence on the final gap analysis map than
the ecoregions or landcover categories. Secondly, it was determined that the ecoregions and
landcover categories were relatively similar in terms of ecological information contained in these
datasets. Conversely, there was no category used in this study to complement the WKA dataset.
In order to balance the WKA with the other two ecological categories, the WKA features were
standardized to be equivalent to the ecoregions and landcover categories combined.
The three classified ecological categories were overlaid and summed together to produce
an ecological representation raster with a resolution of 250m (Fig. 2).
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Figure 2: Key steps in the method for producing
the ecological representation raster using ArcMap
software
Refer to Appendix VI for a complete outline of the
method used to generate the ecological
representation raster

3.3.2 Human Footprint
In addition to determining the level of representation of ecological features in the
Yukon’s PA network, the human footprint on the landscape was also evaluated. Two datasets,
roads and communities, were used to analyse the human disturbance across the Yukon (Fig. 3).
Roads result in direct negative impacts on the natural environment by, for example, causing
mortality of wildlife from road kills, destroying natural habitats and contributing to habitat
fragmentation (Forman et al. 1998; Laurian et al. 2008). Studies indicate that the impact of roads
is greater for highways than roads which experience lower traffic volumes (Kasworm and
Manley 1990; Laurian et al. 2008). To account for the different levels of human impact for each
road type, the roads in the Yukon were separated into highways, secondary roads and trails
(Appendix IV). The size of communities was also determined to influence the level of human
disturbance on the landscape. Thus, the communities in the Yukon were extracted as four
different features, based on the population size of the communities (Appendix V).
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The impact of roads can extend for a substantial distance beyond the edge of the road
(Forman et al. 1998; Laurian et al. 2008). The direct habitat destruction and disturbance to
wildlife due to noise pollution was found to decrease from roads until approximately 1500m, at
which point limited disturbance is generally evident (Kasworm and Manley 1990; Mattson et al.
1992; Laurian et al. 2008). Thus, three buffer zones were established at distances of up to
1500m from either side of each road to take into consideration the disturbances caused beyond
the boundary of the roads (Fig. 3, Table 4).
The identified features in the roads and communities datasets were classified according to
their relative disturbance on the environment (Fig. 3). For the road dataset, values were assigned
to each of the three buffer zones, with the lowest values assigned to zones that were closest to the
edge of the roads (Table 4). Higher road classes were assigned lower values due to the greater
negative impact that these roads would have on the environment (Table 4). Consequently, the
500m highway buffer zone was assigned the lowest value (highest impact), while the 1500m trail
buffer zone was classified with the highest value (lowest impact) (Table 4). The four community
types identified in the Yukon were also assigned appropriate classification values based on the
population size and spatial extent of the communities (Table 5). The classified roads and
communities layers were overlaid and summed together to produce a human footprint raster with
a resolution of 250m (Fig. 3).

Table 4: Road classes and associated values based on distance from the road center (buffer distance)
BUFFER ZONE CLASSIFICATIONS

ROAD FEATURES
500m Zone

1000m Zone

1500m Zone

Highway / Primary road

-5

-4

-3

Secondary road

-4

-3

-2

Trail / Footpath / Resource road

-3

-2

-1
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Table 5: Community classes and associated values

COMMUNITY FEATURES
City
Town
Village
Settlement

CLASSIFICATION
-4
-3
-2
-1

Figure 3: Key steps in the method for producing
the human footprint raster using ArcMap
software
Refer to Appendix VII for a complete outline of
the method used to generate the human footprint
raster

3.3.3 Gap Analysis Raster
The ecological representation raster and the
human footprint raster were combined together to
produce the gap analysis raster, which also had a
resolution of 250m (Fig. 4). This raster indicated
gaps in the Yukon PA network, due to ecological
features being inadequately represented by the PA
network, as well as areas of various degrees of
human disturbance.
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4.0 RESULTS
4.1 COMPARISON INDICES
The comparison index values calculated for each of the ecological features illustrate the
level of representation of each of the features in the Yukon’s PA network.
Of the 24 ecoregions in the Yukon, four cover less than 1% of the Yukon’s land surface
because these ecoregions are predominately located outside of the Yukon’s boundary (Table 5).
These ecoregions include the Boreal Mountains and Plateaus, Fort MacPherson Plain, Muskwa
Plateau and Northern Alberta Uplands (Table 5). As only a small portion of each of these four
ecoregions was present in the Yukon, they were excluded from further analysis. The ChugachSt. Elias Mountains ecoregion had the highest level of representation of the ecoregions, as
indicated by its CI value of 7.92 (Table 5). The ecoregion with the second highest level of
representation, with a CI value of 7.49, was the St. Elias Mountains (Table 5).
The cropland and urbanized areas identified in the landcover dataset had minimal
influence on the results due to a total of only 13km2 of land covered by these two land use types
(Table 6). The most represented landcover feature was snow and ice cover, which had a CI
value of 7.76 (Table 6). The second highest landcover represented, excluding cropland, was
barren lands, which had a CI value of 2.19 (Table 6).
Marine mammals, as well as the separate category for bowhead whales, had less than 2%
coverage of key areas due to the Yukon boundary not being extended into the ocean (Table 7).
Consultation of the raw dataset, however, shows significant key areas for marine mammals in the
coastal waters (Appendix I). The highest WKA CI value, 6.37, indicated that key areas for
muskox have the highest level of representation (Table 7). Key areas for small mammals had the
second highest level of representation, as illustrated by an associated CI value of 4.95 (Table 7).
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Table 5: Ecoregion values used to calculate comparison indices for each ecological feature
TOTAL AREA
(km2) 1

TOTAL % 2

AREA
PROTECTED
(km2) 3

% OF PA IN
ECOREGION 4

COMPARISON
INDEX 5

935

0.2

0

0.0

0.00

British-Richardson Mountains

22988

4.8

7966

13.1

2.75

Chugach-St. Elias Mountains

10860

2.3

10842

17.8

7.92

Eagle Plains

20534

4.3

678

1.1

0.26

2699

0.6

0

0.0

0.00

Hyland Highland

14666

3.0

0

0.0

0.00

Klondike Plateau

38769

8.0

0

0.0

0.00

Liard Basin

21216

4.4

16

0.0

0.01

Mackenzie Mountains

43107

8.9

1600

2.6

0.29

724

0.2

0

0.0

0.00

39465

8.2

6185

10.2

1.24

7

0.0

0

0.0

0.00

Old Crow Basin

14735

3.1

6694

11.0

3.60

Old Crow Flats

6115

1.3

4764

7.8

6.18

Peel River Plateau

14871

3.1

0

0.0

0.00

Pelly Mountains

34444

7.1

0

0.0

0.00

Ruby Ranges

23068

4.8

3737

6.1

1.29

Selwynn Mountains

35576

7.4

0

0.0

0.00

St. Elias Mountains

12404

2.6

11705

19.2

7.49

Yukon Coastal Plain

4822

1.0

2482

4.1

4.08

Yukon Plateau-Central

26966

5.6

144

0.2

0.04

Yukon Plateau-North

57426

11.9

1776

2.9

0.25

Yukon Southern Lakes

30044

6.2

55

0.1

0.01

7079

1.5

2266

3.7

2.54

ECOLOGICAL FEATURE
Boreal Mountains and Plateaus*

Fort MacPherson Plain*

Muskwa Plateau*
North Ogilvie Mountains
Northern Alberta Uplands*

Yukon-Stikine Highlands

1

Total area of the ecological feature in the Yukon

2

Total percentage of the ecological feature in the Yukon

3

Area of ecological feature within the Yukon protected area network

4

Percentage of protected land in the Yukon covered by the ecological feature

5

Percentage of protected land in the Yukon covered by the ecological feature divided by the total percentage of the
ecological feature in the Yukon

* Ecoregions with less than 1% coverage in the Yukon due to the majority of the ecoregion being located outside of
the Yukon’s boundary. These ecoregions were removed from further analysis due to their low coverage
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Table 6: Landcover values used to calculate comparison indices for each ecological feature

ECOLOGICAL FEATURE
Temperate or sub-polar
needleleaf forest
Sub-polar taiga needleleaf forest
Temperate or sub-polar
broadleaf deciduous forest
Mixed forest
Temperate or sub-polar
shrubland
Temperate or sub-polar
grassland
Sub-polar or polar shrublandlichen-moss
Sub-polar or polar grasslandlichen-moss
Sub-polar or polar barrenlichen-moss
Wetland

TOTAL % 2

AREA
PROTECTED
(km2) 3

% OF PA IN
LANDCOVER 4

COMPARISON
INDEX 5

135228

28.1

4289

7.1

0.25

21381

4.5

1564

2.6

0.58

7687

1.6

1025

1.7

1.06

49621

10.3

2154

3.6

0.35

101810

21.2

7570

12.6

0.59

2863

0.6

164

0.3

0.46

14482

3.0

2256

3.7

1.24

77971

16.2

16722

27.7

1.71

9125

1.9

534

0.9

0.47

6229

1.3

324

0.5

0.41

4

0.0

1

0.0

2.49

32657

6.8

8965

14.9

2.19

9

0.0

0

0.0

0.00

7658

1.6

1191

2.0

1.24

13888

2.9

13513

22.4

7.76

TOTAL AREA
(km2) 1

Cropland
Barren lands
Urban and built-up
Water
Snow and ice

1

Total area of the ecological feature in the Yukon

2

Total percentage of the ecological feature in the Yukon

3

Area of ecological feature within the Yukon protected area network

4

Percentage of protected land in the Yukon covered by the ecological feature

5

Percentage of protected land in the Yukon covered by the ecological feature divided by the total percentage of the
ecological feature in the Yukon
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Table 7: Wildlife key area values used to calculate comparison indices for each ecological feature

ECOLOGICAL FEATURE
Barren-ground caribou

TOTAL AREA
(km2) 1

TOTAL % 2

AREA
PROTECTED
(km2) 3

% OF PA IN
WKA 4

COMPARISON
INDEX 5

25523

5.3

9330

15.3

2.90

125473

26.0

4961

8.1

0.31

8986

1.9

0

0.0

0.00

757

0.2

0

0.0

0.00

Moose

24100

5.0

4937

8.1

1.63

Mountain goat

25035

5.2

8601

14.1

2.73

532

0.1

4

0.0

0.06

Muskox

10472

2.2

8405

13.8

6.37

Thinhorn sheep

19407

4.0

1257

2.1

0.51

Waterfowl

21956

4.5

8179

13.4

2.96

9509

2.0

5938

9.7

4.95

522

0.1

147

0.2

2.23

Marine mammals

2099

0.4

0

0.0

0.00

Bowhead whale

7399

1.5

2

0.0

0.00

Raptors

59547

12.3

11925

19.6

1.59

Peregrine falcon

23222

4.8

5529

9.1

1.89

Polar bear

8589

1.8

1210

2.0

1.12

Galliform

288

0.1

10

0.0

0.28

Woodland caribou
Bison
Elk

Mule deer

Small mammals
Shorebirds

1

Total area of the ecological feature in the Yukon

2

Total percentage of the ecological feature in the Yukon

3

Area of ecological feature within the Yukon protected area network

4

Percentage of protected land in the Yukon covered by the ecological feature

5

Percentage of protected land in the Yukon covered by the ecological feature divided by the total percentage of the
ecological feature in the Yukon

4.2 LEVELS OF ECOLOGICAL REPRESENTATION
The percentages of the three ecological categories in the identified levels of
representation are displayed in Table 8. The WKA category experienced the highest percentage
of features that were well represented, which corresponded to 56% (Table 8). On average, 49%
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of the ecological features identified by this study were well represented by the Yukon’s PA
network (Table 8). Consequently, 51% of the ecological features were either under represented
or not represented in the PA network. Ecological features which were classified as being under
represented or not represented constituted ecological gaps in the current PA network.
The 16% of ecological features from the three categories which were not represented
were identified as the most severe ecological gaps.

From the three ecological categories,

ecoregions had the highest percentage of features not represented, at 25% (Table 8). The
ecoregions which were not represented included the Hyland Highlands, Klondike Plateau, Peel
River Plateau, Pelly Mountains and Selwynn Mountains (Table 5).

Key areas for bison,

bowhead whale, elk and marine mammals were also not represented (Table 7). All of the
landcover features had some level of representation (Table 8).
Of all the ecological features used in this gap analysis study, 35% were underrepresented
(Table 8). While the underrepresented features did contain some level of representation in the
Yukon’s PA network, the CI values for these features indicated that they were inadequately
represented (Tables 5, 6 and 7). Thus, there are also ecological gaps for these features, but they
are not as substantial as the features which had no representation.

Table 8: Percentage of representation of the ecological features in the three ecological categories and the average
percentage of representation of all identified ecological features in the Yukon
WELL REPRESENTED

UNDER REPRESENTED

NOT REPRESENTED

Ecoregions

45% (9)

30% (6)

25% (5)

Landcover

46% (6)

54% (7)

0% (0)

56% (10)

22% (4)

22% (4)

49%

35%

16%

Wildlife Key Areas
Average
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4.3 GAP ANALYSIS MAPS
In the process of producing the gap analysis map, a number of intermediate maps were
generated (Fig. 5 to 11). These intermediate maps presented valuable information for evaluating
the level of representation of ecological features in the Yukon’s PA network as well as for
assessing the human disturbance on the landscape.
Ecoregions and landcover features tended to be well represented in southwestern Yukon
as well as across much of the northern portion of the territory (Fig. 5 and 6). In general,
ecoregions and landcover were poorly represented in central and southeastern Yukon and, to a
lesser extent, in northeastern Yukon (Fig. 5 and 6). A very small area of land on the landcover
map was classified as ecologically undesirable, due to the presence of urban or agricultural land,
and these areas were located around Whitehorse (Fig. 6).

Figure 5: Ecoregion representation raster illustrating
the locations of ecoregions which were determined to
be well represented (0), underrepresented (1) and not
represented (2) by the Yukon’s PA network

Figure 6: Landcover representation illustrating the
locations of landcover types which were determined
to be well represented (0), underrepresented (1) and
not represented (2) by the Yukon’s PA network
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Wildlife key areas (WKAs) were also
poorly represented in central and southeastern
Yukon (Fig. 7). However, the spatial coverage of
poorly represented WKAs did not appear to be as
extensive as for the ecoregions or landcover
categories (Fig. 5 to 7). This was because the
original WKAs data did not cover the spatial
extent of the Yukon (Appendix I). Therefore,
points on the landscape classified with a value of
0 indicated that either all WKAs were well
represented at that point or WKAs were not
Figure 7: Wildlife key area representation raster

present at that location, based on the available illustrating the locations of WKAs which were
data (Fig. 7). The region of lowest representation

determined to be well represented (0),
underrepresented (1) and not represented (2) by the
Yukon’s PA network

of WKAs was located in the Aishihik region, northeast of Kluane National Park (Fig. 7). This
region included key areas for bison, which are a threatened species in Canada, in addition to key
areas for mountain goats, thinhorn sheep, woodland caribou and raptors (Appendix I).
Figure 8 illustrates the location of the most significant gaps in representation of all 57
ecological features considered in this gap analysis study. The most pronounced gaps were
located in southeastern Yukon, particularly along the border with the Northwest Territories (Fig.
8). Other significant gaps existed in the south-central, central west and northeast regions of the
Yukon (Fig. 8).

Well represented areas were present in southwestern Yukon as well as

throughout portions of northern Yukon (Fig. 8).
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Figure 8: Ecological raster of the combined levels of representation of the wildlife key areas, ecoregions and
landcover categories in the Yukon’s protected area network
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In addition to evaluating the representation of ecological features, it was necessary to
consider the level of the human footprint on the landscape (Fig. 9). Figure 9 illustrates the
combined disturbance of roads and communities across the Yukon. Due to the low human
population in the Yukon, the human footprint was minimal throughout most of the territory (Fig.
9). The greatest human footprint was in the vicinity of the city of Whitehorse, in southern
Yukon, while the lowest level of disturbance was in northern Yukon (Fig. 9).
The region with the most acute ecological gaps, as indicated by the lowest level of
representation of ecological features from the three categories, is located in southeastern Yukon
(Fig. 10). This region also contains a relatively low degree of human disturbance from roads or
communities (Fig. 10). The second most critical zone of ecological gaps is situated in the
central-west region of the Yukon and this area had a moderate human disturbance (Fig. 10).
Northeastern Yukon contains areas of moderate to severe ecological gaps and has a very low
human footprint (Fig. 10). The land in south-central Yukon was indicated in Figure 8 to contain
significant ecological gaps; however, the city of Whitehorse is also located in this region (Fig.
10). Consequently, the high human disturbance on the land in this portion of the Yukon
generally negated the low level of ecological representation (Fig. 10).

Zones of minimal

ecological gaps, due to high representation, as well as low levels of human disturbance where
located in southwestern Yukon as well as portions of northern Yukon (Fig. 10).
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Figure 9: Human footprint raster illustrating levels human disturbance across the Yukon due to the presence of
roads and communities
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Figure 10: Gap analysis raster illustrating the combined levels of ecological representation of the wildlife key areas,
ecoregions and landcover categories in the Yukon’s protected area network (positive) as well as the degree of human
disturbance from roads and communities (negative)
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5.0 DISCUSSION
5.1 GAPS IN SPECIFIC ECOLOGICAL FEATURES
Of the five ecoregions that were not represented by the Yukon’s PA network, three were
located in southeastern Yukon (Fig. 5). The two PAs in this region, Nisutlin River Delta
National Wildlife Area and Coral Springs Ecological Reserve, cover only a small portion of the
landscape (Fig. 5).

The results indicate that these two PAs were incapable of adequately

representing the six ecoregions in southeastern Yukon, because three of these ecoregions were
not represented and three were underrepresented (Fig. 5). Additionally, the predominant spatial
clustering of PAs in southwestern and northern Yukon resulted in the ecoregions in these areas
being very well represented (Fig. 5). However, this clustering also caused significant ecological
gaps in ecoregion representation throughout other portions of the Yukon (Fig. 5). If the Yukon
Protected Areas Strategy is to achieve the goal of representation of all ecoregions in the Yukon,
excluding the ecoregions which are mostly outside of the Yukon’s boundary, substantial
additions will need to be made to the existing PA network.
All landcover features identified in this study contained some level of representation in
the Yukon PA network (Table 8).

However, 54% of the landcover features were

underrepresented which indicated that there were significant ecological gaps in this ecological
category, despite all features containing some level of representation (Table 8). Notably, three of
the four forest landcover types were poorly represented, with the temperate or sub-polar
broadleaf deciduous forest land type being the only forest type that was well represented (Table
6).

Since 45% of the Yukon’s land surface is forested by these four forest types,

underrepresentation of three of the four forest types constitutes a substantial ecological gap in
landcover representation (Table 6).

The two landcover features which had the highest
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representation were snow and ice and barren land (Table 6). These two landcover features are
not capable of supporting high levels of biodiversity, yet they comprise 37% of the Yukon’s PA
network (Table 6). Therefore, landcover features in the Yukon were inadequately protected, due
to the presence of gaps in representation and the large portion of nonviable habitat that was
contained in the PA network.
The percentage of WKA features that were well represented was greater than for either
ecoregions or landcover (Table 8). However, since the percentage of underrepresented (22%)
and not represented (22%) WKA features were still relatively high, considerable ecological gaps
were identified in the WKA category. WKA features that were not represented included bison,
elk, marine mammals and bowhead whales (Table 7). COSEWIC lists bison as threatened in
Canada, primarily due to agricultural land and urban areas encroaching on viable bison habitats
(COSEWIC 2000). Consequently, the lack of representation of key areas for bison in the
Yukon’s PA network indicated a critical ecological gap. The absence of marine protected areas
in the coastal waters of the Yukon also represented an important ecological gap in the PA
network because key areas for marine mammals, including bowhead whales, were identified in
the ocean off of the Yukon (Table 7, Appendix I). Bowhead whales are listed as of Special
Concern in the Arctic Ocean due to the species’ slow recovery rate from extensive commercial
whaling, which took place up until the early 1900’s (COSEWIC 2009). Key areas for woodland
caribou, mountain goat, thinhorn sheep and galliformes contain some representation but
insufficient to be considered well represented (Table 7). Inadequate representation of the eight
WKAs which were under or not represented signified that the WKA category contained
ecological gaps, which weakened the overall effectiveness of the PA network.
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5.2 SPATIAL LOCATION OF GAPS
As illustrated on the final gap analysis map, the most prominent ecological gaps were
located in the southeast, central-west and northeast regions of the Yukon (Fig. 10).

The

clustering of PAs in southwestern and northern Yukon resulted in poor representation of
ecological features in most of the other portions of the Yukon (Fig. 10). The most pronounced
gap, located in southeastern Yukon, contained key areas for woodland caribou and mountain
goats, both of which were underrepresented (Appendix I, Table 7). Additionally, this region was
covered by underrepresented forest landcover features and contained three ecoregions which
were not represented (Appendix III, Fig. 5, Fig. 6).
Reasons for the lack of PAs in the locations of the most extreme ecological gaps can be
speculated.

The occurrence of mineral deposits in southern and central Yukon may be

influencing the sparse coverage of PAs in these regions due to the economic incentives provided
by mineral mining (Fig. 11 and 12). While mineral mining has not been fully developed across
the Canadian Arctic, there is significant potential for the mining industry to grow in the Yukon
due to the presence of gold, tungsten, silver, zinc, lead and copper deposits (Fig. 11 and 12)
(Haley et al. 2011). Specifically, the minimal coverage of PAs in southeastern Yukon could be
due to the presence of large mineral districts which are predicted to be capable of producing bulk
and refined minerals, particularly tungsten and lead-zinc (Fig. 11). Along the Alaska border in
central Yukon, the lack of PAs could be due to the large number of gold deposits, primarily in
the form of breccias veins, as well as the presence of copper deposits (Fig. 12). Due to the land
use restrictions that are applied to PAs in order to protect the environment, the designation of
PAs on land of potential economic gain is likely to be avoided.
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Figure 11: Location of mineral resources in southeastern Yukon
Modified from: Gartner Lee Limited and Yukon Department of Energy, Mines and Resources. 2002. Yukon
mineral resources and electrical infrastructure map. www.emr.gov.yk.ca/mining/pdf/map_elecinfrastructure.pdf

Figure 12: Mineral exploration projects in central Yukon along the territory’s western boundary
Modified from: Mineral Services Unit of the Yukon Geological Survey. 2011. Yukon exploration projects 2011
map. www.emr.gov.yk.ca/mining/pdf/Yukon_Exploration_Projects_December_2011_13X17.pdf
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6.0 LIMITATIONS AND SUGGESTED IMPROVEMENTS
The main limitations of the gap analysis study are outlined below along with some
suggestions for improving the study.
1. Instead of assigning negative values to communities and roads, areas in close proximity to
these human disturbance features could be assigned classification values of zero while areas
further away from any roads or communities could be assigned a higher value. As a result,
areas of minimal human disturbance would be highlighted as highly desirable for
conservation, due to the high classification assigned to these regions. This would improve
the gap analysis by eliminating the need for negative values and, thus, simplifying the
interpretation of the gap analysis map.
2. All human activities, including mineral mining and oil extraction, were not incorporated into
the human footprint analysis, despite the considerable disturbance that these activities inflict
on the natural environment. By broadening the scope of the data included in the human
footprint evaluation, the gap analysis study would be strengthened.
3. Key areas for marine mammals were not fully considered in this study as the analysis was
restricted to within the limits of the Yukon’s terrestrial border. The lack of consideration of
the marine environment was a sizeable limitation to this project due to the presence of key
areas for marine mammals being situated in the Yukon’s coastal waters. By extending the
Yukon’s border out to the edge of the Yukon’s coastal zone, this limitation would be
addressed.
4. The lack of inclusion of climate change data in the gap analysis study represents a weakness
in the study, due to the sensitivity of northern latitudes to climatic changes. Incorporating
climate change into the analysis would enhance the use of this study for future conservation.
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7.0 SUMMARY


The Yukon is ecologically significant due to its relatively high biodiversity and the minimal
human disturbance on the landscape



Northern latitudes, including the Yukon, are particularly sensitive to anthropogenic climate
change and are therefore of considerable conservation importance



Parks and protected areas are key conservation tools for protecting biodiversity and
maintaining the health of ecosystems



12% of the land in the Yukon has been incorporated into protected areas



Ecological gaps may exist in the Yukon’s protected area network due to a number of reasons,
including the fact that protected areas were historically designated primarily on
socioeconomic factors and not based on conservation criteria



Representation of ecological features in protected areas is considered to be a key
conservation goal in order to guarantee adequate protection of the environment in a region



The aim of this gap analysis study was to identify if gaps in the representation of ecological
features existed in the Yukon’s protected area network and, if so, what ecological features
constituted gaps and where the gaps were located on the landscape



Ecological features were determined from three geographic information systems datasets:
ecoregions, landcover and wildlife key areas



A comparison index method was employed to evaluate the degree of representation of each
ecological feature



The Yukon’s human footprint was determined by evaluating roads and communities datasets



The gap analysis study indicated that 49% of the ecological features were well represented,
based on the comparison index method used



The ecoregions category had the poorest level of representation with 25% of the Yukon’s
ecoregions not represented and 30% underrepresented



The greatest level of human disturbance on the landscape was around the city of Whitehorse



Critical ecological gaps were located in southeast, central-west and northeast Yukon



Significant ecological gaps in representation existed in the Yukon’s protected area network
which has weakened the overall success of the protected area network
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Appendix II: Original ecoregions data
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Appendix III: Original landcover data
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Appendix IV: Road classifications
HIGHWAY / PRIMARY ROAD

SECONDARY ROAD

TRAIL

Alaska Highway

Aishihik Road

Resource Roads / Trails

Atlin Road

Annie Lake Road

Historical Roads

Canol Road

Bonanza Road

Cassiar Highway

Champagne Access

Dempster Highway

Duncan Creek Road

Haines Road

Ethel Lake Road

Klondike Highway

Fish Lake Road

Robert Campbell Highway

Frenchman Lake Road

Silver Trail

Hunker Creek Road

Tagish Road

Kusawa Lake Road

Top of the World Highway

Mitchell Road
Mt. Nansen Road
Nahanni Range Road
Pelly Ranch Road
Snag Road
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Appendix V: Communities classifications
CITIES
Whitehorse

TOWNS

VILLAGES

SETTLEMENTS

Dawson

Carmacks

Beaver Creek

Faro

Haines Junction

Burwash Landing

Watson Lake

Ibex Valley

Carcross

Lake Laberge 1

Carcross 4

Mayo

Champagne Landing 10

Moosehide Creek 2

Destruction Bay

Mt. Lorne

Johnsons Crossing

Old Crow

Keno Hill

Whitehorse suburbs

Kloo Lake
Klukshu
Pelly Crossing
Ross River
Stewart Crossing
Swift River
Tagish
Teslin
Teslin Post 13
Two and a Half Mile Village
Two Mile Village
Upper Liard
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Appendix VI: Flowchart illustrating the complete method used to generate the ecological representation raster
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Appendix VII: Flowchart illustrating the complete method used to generate the human footprint raster
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‘Total %’ refers to the total percentage of a conservation feature within the Yukon

1

Total % = (Total Area of conservation feature / Yukon Area) x 100
Where: Yukon Area = 483517.31 km2
‘% of PA in WKA / ER / LC’ refers to the percentage of PAs within a particular

2

conservation feature in one of the three ecological classes
‘% of PA in WKA/ER/LC’ = (Area Protected of conservation feature / PAs Area) x 100
Where: PAs Area = 60942.05
3

Comparison Index = Total % / % of PA in WKA / ER / LC

4

Multiple WKAs can exist at the same point, since wildlife geographic ranges can overlap,
but only one ecoregion and one landcover conservation feature can exist at a given point.
Therefore, the WKAs layer must be standardized so that the output is not overly
influenced by this layer. The WKA was standardized to have twice the influence of the
ecoregions or landcover layers because these two layers are ecologically similar while no
second layer comparable to the WKA layer was used in the analysis.
Therefore: 1 Ecoregion + 1 Landcover : WKA
The maximum possible value assigned to either an ecoregion or landcover grid cell was 2
(i.e. not represented) while the maximum value assigned to the non-standardized WKA
layer was 5. Therefore:
(Maximum Ecoregion + Maximum Landcover) / (Maximum WKA) = 4 / 5 = 0.8

5

By generating a raster of the minimum road value, opposed to the sum of road values,
junctions are not assigned disproportionately negative values.
confines the road values within a suitable range.
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