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NCC is in the final stages of completing a Conservation Assessment for Southern
Canada, a compendium of digital biodiversity, threat and conservation response
information we plan to make available publicly and interactively.
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The assessment is organised within Canada’s Ecological Framework. At the highest
level, Canada is organised within 18 terrestrial ecozones that have broad physiographic
and ecological similarities. NCC’s priority natural areas are nested within 9 of the 18
terrestrial ecozones.
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These 18 major ecozones are then subdivided into 194 ecoregions mapped here with
thin grey lines.
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This slide shows the overlap between NCC’s priority natural areas, for which we
develop detailed multi‐year natural area conservation plans or NACPs and the
ecoregions used in the assessment.
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• In total, 79 ecoregions were included.
• The southern region of Canada was selected as the focus of the assessment because
it is generally under a higher level of threat, has more information on biodiversity
and threats to biodiversity, is of immediate interest to NCC and partners and is
where most Canadians live, work and play.
Two circled ecoregions The Lake Erie Lowlands in southern Ontario and the Northern
Continental Divide on the border of AB and BC are used as examples of connectivity
analyses later in this presentation.
I suggest that the ecoregion level is the appropriate scale at which to conserve Canada’s
biodiversity and to assess progress. Here’s a couple of examples of my reasoning.

6

The Mixedwood Plains Ecozone, circled here, extends from Windsor in southwestern
Ontario to Quebec City.
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This Ecozone comprises 4 ecoregions, each with distinctive flora, fauna and natural
communities.
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NCC cannot conserve the Prothonotary Warbler, restricted in Canada to the Lake Erie
Lowland Ecoregion by working elsewhere in the ecozone.
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Likewise NCC cannot protect this globally rare gentian along the St Lawrence River
estuary by working only in the Lake Erie Lowlands.
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Here’s another example – the Prairie ecozone.
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The Prairie Ecozone comprises 7 Ecoregions
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NCC cannot protect Pronghorn by working only in the Aspen Parkland, where they don’t
occur.
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And NCC cannot protect the Western Prairie White‐fringed Orchids of the Lake
Manitoba Plain by working only in the fescue grasslands of western Alberta. It seems to
me, therefore, that achieving durable conservation outcomes within each of the
ecoregions in southern Canada is a reasonable approach to ensuring that our
conservation actions protect the full range of biodiversity present.
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In the ecoregion assessment, we originally started with 20 individual biodiversity
measures, which were then grouped into eight criteria to reduce unintended bias in
favour of criteria with more than one measure. Note that connectivity, circled in red is
only one of the 20 measures used in the biodiversity component of the assessment.
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The threat assessment originally started with 9 measures, which were then grouped
into 6 criteria. Note that we considered the lack of connectivity and the resistance of
the landscape to wildlife movement as a threat to biodiversity.
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Conservation response criteria depict the distribution and relative values of existing
conservation efforts that are likely to have a positive influence on biodiversity, such as
protected areas, international designations and NCC’s priority natural areas.
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• Following detailed analysis and synthesis of this information, which I would be happy
to share with you at another time, we mapped categories or tiers of nationally
outstanding ecoregions in southern Canada on a map.
• Tier 1 ecoregions have high overall biodiversity and high threat and are shown in
orange
• Tier 2 ecoregions have high overall biodiversity, but lower threat and are shown in
dark green
• Tier 3 ecoregions have very high scores for one or more of the biodiversity criteria
(usually intact, diverse landscapes) are shown in light green, but not relatively high
overall biodiversity scores.
Our two example ecoregions are circled. So let’s explore connectivity and corridors
more closely.
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• To ensure connectivity corridors did not abruptly stop at the edges of our study area,
a 350 km buffer was generated around the study area to define the extent of the
connectivity analysis
• All subsequent data used in the connectivity analysis were clipped to this boundary.
• The 350 km buffer wasn’t arbitrary. It takes into account the maximum dispersal
distance of 300 km for wide ranging mammals (Belote et al. 2016)
Belote, R.T., M.S. Dietz, B.H. McRae, D.M. Theobald, M.L. McClure, G.H. Irwin, P.S.
McKinley, J.A. Gage, and G.H. Aplet. 2016. "Identifying Corridors among Large Protected
Areas in the United States." PLoS ONE 11 (4): e015422. Accessed 04 29, 2016.
doi:doi:10.1371/journal.pone.0154223
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The first step in conducting our connectivity analysis was to assemble four data layers
for the protected areas we wished to connect.
We included protected areas from Conservation Areas Reporting and Tracking System
(CARTS, CCEA 2016),
Quebec’s Protected Areas Network (MDDELCC and MFFP 2015) and
Protected Areas Database of the United States (USGS 2016) for the connectivity
analysis.
We added NCC Fee Simple and Conservation Agreements (NCC 2016), not yet in CARTS
and BC NGO Conservation Areas Database (British Columbia NGO Conservation Areas
Technical Working Group 2015).
These four datasets were merged into one data layer representing all protected areas.
To simplify the data, the protected areas were dissolved into single polygons and then
aggregated into groupings or clusters of protected areas within 1 km of each other.
As an example of this process, this slide shows eight clusters of protected areas and
near Long Point on the north shore of Lake Erie.
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In the second step we developed a 1 km grid cost surface representing resistance to
movement across the landscape.
As the study area extends into the United States, the 2010 land cover database
produced for the North American Land Change Monitoring System (NALCMS) was used
as input into the connectivity analysis and resampled to a 1 km grid cell size.
• NALCMS is a collective effort between Canada, Mexico and the United States to
monitor land cover and its change over time. Similar to the Canada Land Cover Time
Series, the data are based on MODIS satellite imagery at 250 m spatial resolution.
The minimum mapping unit for an area of land cover class to be considered in the
data was 25 ha (NRCan et al. 2013).
Other data layers assembled for and available on the North American Environmental
Atlas (CEC 2015) were also used as input for the analysis. These datasets provided
consistent coverage across the entire buffered study area. The road and hydrology
layers (NRCan et al. 2010a and 2010b) were converted to 1 km raster grids and the
elevation grid (USGS 2007) was used directly to represent elevation and to also
generate a slope grid.
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Features within these four grids were reclassified based on resistance values. The
individual resistance grids were then combined together and the maximum resistance
value within each grid cell represented the final cost value.
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Resistance values, modified from Bowman and Cordes (2015), were assigned according
to the cost or resistance encountered by multispecies moving across the landscape.
Higher resistance values (1000) were assigned to features or areas that impeded
migration or posed a danger to wildlife and lower resistance values (1) were assigned to
features that were congruent with or assisted wildlife migration through the study area.
Bowman, J., and C. Cordes. 2015. Landscape connectivity in the Great Lakes Basin.
Peterborough, ON. Accessed October 27, 2015.
https://figshare.com/articles/Landscape_Connectivity_in_the_Great_Lakes_Basin/1471
658.
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Final resistance (cost) surface used to model connectivity between core protected
areas. At this scale, you can only see large protected areas in black but our analysis
grouped protected areas into different size categories.
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The final cost surface along with core areas was then used as input to model wildlife
habitat corridors in Linkage Mapper (McRae and Kavanagh 2011), one of many different
GIS tools for connectivity and corridor modelling.
The connectivity analysis was completed at three different scales with the following
input parameters:
• Continental scale using core protected areas greater than 10,000 ha in size and a
maximum dispersal distance of 300 km;
• Regional scale using core protected areas 1,000 ha in size and a maximum dispersal
distance of 150 km; and
• Local scale using core protected areas 100 ha in size and a maximum dispersal
distance of 75 km.
The maximum dispersal distance of 300 km for wide ranging mammals was used to
define the maximum geographic distance between edges of cores to be connected for
large core protected areas; however, at smaller connectivity scales other dispersal rates
may be more appropriate (Belote et al. 2016). Subsequently for smaller core areas, the
maximum geographic distance was reduced.
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Linkage Mapper generates least cost corridors between all pairs of connected core
protected areas, normalizes them into the same currency and then mosaics them all
together into a single map filling the entire study area

‐‐‐‐‐‐‐‐‐‐‐
More Information
• (Nordén 2016 ‐ Comparison between three landscape analysis tools to aid
conservation efforts. Department of Physical Geography and Ecosystem Science, Lund
University)
• The least cost corridor generated in Linkage Mapper is a raster image with a
gradient of cost distance above the least cost path (McRae and Kavanagh
2014). By using different cut‐offs, the width of the corridor can be modified. A
cut‐off of zero cost distance will give all possible least cost paths. Since the
corridor is affected by the friction values, this means that with the same cut‐
off value the width of the corridor will be different for different species, and it
will also become narrower when passing areas of high friction and wider when
passing areas of low friction (WHCWG 2010). A corridor cut‐off value of 250
cost distance was chosen as a standard, since this gave a reasonable corridor
width for all species.
• Linkage Mapper is a GIS tool designed to support regional wildlife habitat connectivity
analyses. Linkage Mapper uses GIS maps of core habitat areas and resistances to
identify and map linkages between core areas. Each cell in a resistance map is
attributed with a value reflecting the energetic cost, difficulty, or mortality risk of
moving across that cell. Resistance values are typically determined by cell
characteristics, such as land cover or housing density, combined with species‐specific
landscape resistance models. As animals move away from specific core areas, cost‐
weighted distance analyses produce maps of total movement resistance accumulated.
• Includes additional modules:
• Barrier Mapper implements a new method for detecting important barriers
to facilitate restoration planning (details on the method can be found in
a new manuscript).
• Pinchpoint Mapper uses Circuitscape to identify pinch‐points (a.k.a.
bottlenecks or choke points) in corridors produced by Linkage Mapper.
• Centrality Mapper analyzes core and corridor centrality in networks produced
by Linkage Mapper. This can help prioritize important corridors.
• Climate Linkage Mapper rounds out the toolbox with the addition of a tool
that maps corridors following climatic gradients to facilitate species range
shifts under climate change. More details can be found in Nuñez et al.
(2013) and on the Washington Wildlife Habitat Connectivity Working Group
website.
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• http://corridordesign.org/designing_corridors/corridor_modeling/
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This slide shows corridor values from poor (high cost) to good (low cost), based on core
protected areas >10,000 ha in size.
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To determine the areas that contribute most to connectivity (i.e. to identify
the best part of the corridor), the previous composite corridor map was
clipped to a width of 200 cost‐weighted km
This is not the actual width of the corridor but rather distance to the
nearest core protected area based on the least‐accumulative cost over the
cost surface.
A number of widths were tested to truncate or clip the final composite
map. This 200‐km width seemed reasonable and did a good job in
delineating corridors in highly developed areas, especially when viewing
the corridors from a national perspective.
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This slide shows corridor values from poor (high cost) to good (low cost), based on core
protected areas 1,000 ha in size.
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Again, to identify the best part of the corridor), the previous composite corridor map
was clipped to a width of 200 cost‐weighted km.
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And this slide shows corridor values from poor (high cost) to good (low cost), based on
core protected areas only 100 ha in size.
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And to identify the best part of the corridor), the previous composite corridor map was
clipped.
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Finally we created a map showing composite normalized least cost corridors for the
continental (darkest green), regional (medium green) and local (light green) scales
clipped to 200 km. You will note that there are generally fewer and smaller scale
corridors in southern Quebec, southern Ontario and the prairies.
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In this first example of how NCC considers connectivity in conservation planning let’s
consider the Lake Erie Lowlands ecoregion, about 2.3 M ha in size. Only a very small
amount of protected land, shown in purple, occurs in this ecoregion, less than 1%. The
ecoregion contains, barely, sufficient remaining natural cover to potentially meet the
Aichii Target 11 goal of 17% at an ecoregional scale. The ecoregion has the highest
concentration of terrestrial and freshwater species at risk of any ecoregion in Canada
and 26 of these species are not represented in the current network of protected areas.
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NCC has chosen to focus its conservation activities within two priority natural areas in
this ecoregion. Together they cover only 9.3% of the ecoregion. The Southern Norfolk
Sand Plain contains the highest amount of natural cover remaining in the ecoregion and
the Essex Forests an Wetlands contains not only a high number of SAR but also a large
number of globally rare species, which are species with fewer than 100 occurrences on
the planet. However, this ecoregion contains a very low amount of remaining natural
habitat, less than 4%.
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High and medium resistance values, shown in red and yellow respectively, show that
connecting current protected areas will be costly. Urban areas in the Greater Toronto‐
Hamilton area, London, Sarnia and Windsor are major impediments to wildlife
movement across the landscape as are 400‐series multi‐lane highways. To date NCC’s
approach to conservation in this ecoregion, where land costs are high has been to
create, bulk up connect protected areas within two priority natural areas of very high
biodiversity value. The question arises as whether NCC and partners should invest
significant additional financial resources to connect these conservation properties
across the landscape, where many of the intervening land uses are inimical to wildlife
movement.
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We used linkage mapper to help us understand the scope of this challenge. In the LEL
ecoregion there is only a very small area on the border of the ecoregion north and east
of Toronto that has the potential to contribute to a continental level corridor, shown in
dark green. While this area helps connect the eastern part of the ecoregion through
the Oak Ridges Moraine and Bruce Panninsula to central Ontario, it does not extend to
SW Ontario. There are several areas in lighter green that could be used to develop a
regional level corridor, connecting protected areas 1000 ha in size and also several
areas shown in lightest green that could be used to connect protected areas 100 ha in
size.
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We also used linkage mapper to determine the least cost corridor, remember this the
least cost biologically, between NCC’s two priority natural areas. It is shown in orange
on this map and hugs the north shore of Lake Erie.
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• What would it cost to acquire all corridor land in ecoregion? Based on our purchase
of 85 properties in this ecoregion since April 2007, the average costs per hectare is
$15,500/ha.
• Considering the ecoregion as a whole, the estimated costs of purchasing all
continental, regional and local scale corridors would be almost $13 Billion dollars,
this is a huge cost and does not begin to take into consideration the substantial cost
of fully restoring such lands to natural cover.
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Even in NCC’s two priority natural areas where no continental scale corridors occur, the
total cost of acquiring regional and local scale corridors is $2 Billion.
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And the cost of acquiring land along the optimal corridor between NCC’s two priority
natural areas in the ecoregion would be $1 Billion.
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Based on these high costs, NCC has concluded that spending additional funds on the
securement of corridors in the LEL ecoregion is impractical at this time. Going forward
we will focus on continuing to bulk up existing protected areas, restoring selected lands
among them, and securing and stewarding habitat for the 26 species at risk that exist in
the ecoregion outside of currently protected areas.
What do you think of this strategy?
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The Northern Continental Divide along the BC‐Alberta border and north of the United
States at about1.6M acres in extent, is about 30% smaller than the LEL. In contrast with
the LEL, 22% of the land base is protected, shown in purple, vs. less than 1%, 97%
remains in natural cover, versus 18.5%, it has 14 COSEWIC SAR, vs. 130, and only one of
these species does not occur in a currently protected area, vs. 26 in the LEL
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Unlike the LEL where NCC’s two priority natural areas cover just over 9% of the land
base. In the Northern Continental Divide Ecoregion, NCC has 6 priority natural areas,
shown with orange hatching here that cover 72% of the land base.
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Only Highway 1, crossing the northern portion of the ecoregion west of Calgary has
high resistance to movement of wildlife. Much of the are with moderate resistance is in
fact due to natural features, such as steep slopes and very high elevations.
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Again, we used Linkage Mapper to map primarily Continental and Regional scale
corridors in the Ecoregion.

44

In this location we used Linkage Mapper to map the optimal least cost corridors, shown
in orange on this map, to connect existing protected areas through NCC’s priority
natural areas.
What would it cost to acquire all corridor land in ecoregion? Based on our purchase of
58 properties in this ecoregion since April 2007, the average costs per hectare is
$15,200/ha, only $300/ha less than properties in the Lake Erie lowland.
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• Again, it would cost billions to secure corridors in this ecoregion even though there is
already 97% natural cover in the ecoregion. Much of this land is already in public
ownership but not designated for conservation.
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Nevertheless, a significant amount of private lands remain. Linkage Mapper
provides additional tools to help us make decisions on where to invest our
limited dollars strategically and NCC is using this tool to help us focus on high‐
priority lands
• Barrier Mapper implements a new method for detecting important barriers
to facilitate restoration planning
• Pinchpoint Mapper
• Centrality Mapper
• Climate Linkage Mapper
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NCC has acquired 10,500 ha of fee simple lands on the doorstep of Waterton Lakes
national Park
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NCC has removed mining from 157,000 ha in the Flathead River Basin in southern BC.
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The Crowsnest Pass is a pinch point in the movement of wildlife from Yukon to
Yellowstone and NCC has purchased 11,000 ha there, half of all the protected areas in
that natural area.
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And finally, NCC has acquired a conservation agreement on the 12,400 ha
Waldron Grazing Co‐op, linking the Porcupine Hills to the Bob Creek Wildland
Park.
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