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Background 
The Cootes to Escarpment EcoPark System is an alliance of land-owning agencies within 

Hamilton and Burlington, Ontario, working towards the protection and restoration of natural areas 
at the western end of Lake Ontario. The EcoPark System landscape is a national biodiversity 
hotspot and provides a critical link between Lake Ontario wetlands (Cootes Paradise Marsh) and 
the Niagara Escarpment. Natural areas within the EcoPark System are threatened by ongoing 
habitat loss and fragmentation, invasive species, climate change, and other anthropogenic effects. 
The EcoPark System partner-owned lands make up a network of protected and conserved areas 
embedded in a mix of urban developments, open areas, forests, wetlands, and water. These 
protected and conserved areas must be connected to ensure the long-term persistence of 
biodiversity within the EcoPark System and the surrounding region. A connected network of 
protected and conserved areas allows species to move and ecological processes to flow across the 
landscape now and in response to future climate changes. 

In 2020, the EcoPark System alliance initiated a baseline ecological connectivity study with 
funding from the Ontario Greenbelt Foundation to guide biodiversity conservation and 
management activities in the EcoPark System (ApexRMS et al. 2021). The study mapped hotspots of 
ecological connectivity within and between protected and conserved areas based on a generic 
forest/wetland-dependent species as well as three focal species: Northern short-tailed shrew 
(Blarina brevicauda), Blanding’s turtle (Emydoidea blandingii) and White-tailed deer (Odocoileus 
virginianus). In 2022, the EcoPark System was selected as a pilot project by Parks Canada’s National 
Program for Ecological Corridors. This Pilot Ecological Corridors Program will help the EcoPark 
System alliance to better understand and enhance the EcoPark System landscape as a set of 
ecological corridors through partner-led projects. 

 

Objective 
The current report supports the EcoPark System Pilot Ecological Corridor Program by 

enhancing ecological connectivity mapping, proposing land management strategies to enhance 
ecological connectivity, and delineating potential ecological corridors. These analyses build on the 
2020 baseline ecological connectivity study by using the same focal species and land use and land 
cover data sets for the EcoPark System. They also incorporate additional data on Ecological Land 
Classification data and refined road classes.  

 

Methods 
Study area 

We classified the study area into three spatial levels (Fig. 1). First, we calculated a minimum 
convex polygon around the properties currently owned or managed by EcoPark System partner 
organizations. Then, we added a 2 km buffer around the minimum convex polygon to define the 
focal area, which is the level at which we present the results. Lastly, we added a 20 km buffer 
around the minimum convex polygon to define the analysis area, which is the level at which we 
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conduct the connectivity analyses to avoid edge effects. We carried out all spatial processing and 
analyses at a 15 m resolution and in the coordinate reference system EPSG 3162. 

 
Figure 1. Study area map indicating three spatial levels. Connectivity analyses were conducted at the scale of 
the analysis area to minimize edge effects within the focal area.   

 

Enhancing ecological connectivity mapping 

Refining data collection 

In collaboration with the EcoPark System partners, we compiled a list of new or updated 
datasets for potential use in the pilot or future phases of the project (Table 1). Please see Appendix 
S1 for further details on each dataset. 
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Table 1. New or updated datasets for the EcoPark System Ecological Corridor Project.  

Data type Data Source Available[1] Usage 

Landcover 
classification 

ELC 
Conservation Halton Y Report 
Hamilton Conservation Authority Y Report 
City of Hamilton Y Report 

Human uses Trails 
Conservation Halton 

N Future Hamilton Conservation Authority 
City of Hamilton 

Road barrier effects 
Roadkill 

City of Hamilton 
N Future 

Conservation Halton 
Culvert data City of Hamilton Y[2] Report  

Corridor analyses 
OECMs Open Canada Y Report 
EcoPark System lands Hamilton Conservation Authority Y Report 
Niagara Escarpment Open Canada Y Future 

Land threats Highway 6 expansion  City of Hamilton N Future 
Cumulative impact Management plans City of Hamilton N Pilot 

[1] Received or accessed by June 16th, 2023. 
[2] Received on July 28th, 2023, and integrated in the revised version of the present report.  

Revisions to LULC map, road classification & culvert data 

In the previous connectivity assessment conducted at the EcoPark System, we assembled a 
comprehensive land use and land cover (LULC) map by combining multiple remotely sensed land 
cover datasets and other relevant GIS data (ApexRMS et al. 2021). Now, based on additional data 
availability as detailed above, we refined the LULC map by using ELC data (Ecological Land 
Classification) to complement the SOLRIS data (Southern Ontario Land Resource Information 
System). Moreover, we refined the road classification to account for three road classes: minor, 
collector & arterial, and major roads. Lastly, we integrated the updated data on the location of 
culverts and bridges, based on species-specific preferences (Conservation Halton 2018). For more 
details on the implemented changes, please see Appendix S2.  

Calculating ecological connectivity 

We ran Omniscape (Landau et al. 2021) to measure current connectivity in the EcoPark 
System based on three focal species: Northern short-tailed shrew (Blarina brevicauda), Blanding’s 
turtle (Emydoidea blandingii) and White-tailed deer (Odocoileus virginianus). For each focal species, 
Omniscape requires three inputs:  

1. A source raster, representing patches of suitable habitat;  
2. A resistance raster, representing a surface of resistance to movement; 
3. A radius of the moving window, representing species’ dispersal distances.  

We reclassified the source raster (Fig. 2) based on a habitat suitability index from the 
previous connectivity assessment conducted at the EcoPark System (ApexRMS et al. 2021). We 
assigned a value of 1 to pixels with a habitat suitability index larger than 60 units, representing 
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sources. In turn, we assigned an NA value to the remaining landscape where habitat suitability 
index was smaller than 60 units. 

 
Figure 2. Maps of Omniscape inputs for the three focal species at the focal scale. Note that the moving 
window for the White-tailed deer is larger than the map, therefore only part of the circle is shown. 

For the resistance raster, we used the same crosswalk from LULC classes to resistance 
values as in the previous connectivity assessment conducted at the EcoPark System (ApexRMS et al. 
2021). As detailed in Appendix S2, the changes we implemented to the crosswalk include assigning 
a resistance of 100 units to the “Transportation – Major Road” class and assigning a resistance of 1 
to the location of culverts and bridges. 

We assigned a moving window radius of 500 m to the Northern short-tailed shrew, 2 km to 
the Blanding’s turtle, and 20 km to the White-tailed deer (Albert et al. 2017). Lastly, we used the 
species-specific radius value to define a species-species block size, where block size = radius ÷ 10 
(block size is an optional Omniscape input parameter to optimize run time). 

The output of the Omniscape analysis for each focal species is a normalized cumulative 
current map that represents the species’ probability of movement (or current flow) across the 
landscape. Normalized current helps identify areas where current flow ranges from impeded (low 
values) to channelized (high values). We categorized the normalized cumulative current map into 
three connectivity categories: impeded (> 0 and ≤ 0.7), diffuse (> 0.7 and < 1.3), intensified (≥ 1.3 
and ≤ 1.7) and channelized (> 1.7) (Cameron et al. 2022). This resulted in a map of 4 connectivity 
categories  for each focal species. 

Strategy mapping 

According to Cameron et al. (2022), from a connectivity conservation standpoint, these 
connectivity categories can be organized along an axis of “level of flexibility” on the location of 
management interventions, where “diffuse” provides the most geographic flexibility on where 
management interventions can be applied and “channelized” provides the least. The authors paired 
“level of flexibility” with a “level of security” axis representing the likelihood a given location will be 
subject to land use change based on the land ownership and property size. Under this two-axis 
framework, the authors combined the discrete categories from each axis to propose six strategy 
types for connectivity conservation (Cameron et al. 2022). Here, we implemented a simplified 
version of the framework based on four strategy types for connectivity conservation and 
restoration (Fig. 3). See Table 2 for example actions for each strategy type. The mapping is not 
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meant as a recommendation for where each strategy should be applied, but rather as a guidance to 
identify areas that may benefit from each strategy and associated example actions.  

Figure 3. Simplified strategy types. Based on Cameron et al. (2022). Colour scheme for strategy types is 
consistent throughout the report. 

We classified as “Protected” any land owned or managed by an EcoPark System partner 
organization, and “Unprotected” as anything else. Additional data may be used to further 
differentiate the level of security of land conversion in unprotected areas. Candidate datasets 
include the Niagara Escarpment and Highway 6 expansion plans (Table 1). 

Table 2. Strategy types and example actions. 

ID Strategy name Example actions 

1 Planning & Incentives 

Landowner incentive programs 
Stewardship outreach for landowners 
Engagement with Indigenous Peoples 
Proposal of zoning classification changes 
Conservation agreements and easements 

2 Securement & Restoration 
Candidate land for securement 
Focal restoration projects 
Prevention of habitat conversion and fragmentation 

3 Management for permeability 
Temporary road closures 
Focal restoration projects 

4 Localized interventions 

Hedge row planting 
Riparian zone protection 
Construction of crossing structures 
Removal of barriers 
Manage recreation and resource harvest 

In addition to presenting the strategy mapping for each focal species separately, we also 
summarize results across species, representing the consensus of each strategy across species.  
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Delineating potential ecological corridors 

We delineated potential ecological corridors between core areas using Linkage Mapper, an 
ArcGIS toolbox that supports regional wildlife habitat connectivity analyses (McRae & Kavanagh 
2011). For each focal species, Linkage Mapper requires three inputs: 

1. A source shapefile, representing the core areas between which corridors will be delineated;  
2. A resistance raster, representing a surface of resistance to movement for a focal species; 
3. A cost-weighted distance threshold at which corridors will be truncated, representing focal 

species’ corridor preferences.  

We delineated ecological corridors at two spatial scales: (1) regionally to measure the 
connectivity between the EcoPark System and other areas important for biodiversity conservation 
in the surrounding landscape, and (2) locally among lands within the EcoPark System. For the 
regional-scale sources, we used Other Effective area-based of Conservation Measures (OECMs), 
which are areas outside of protected areas that effectively conserve biodiversity in their natural 
habitats for the long term. Although here we used OECMs as sources, alternative or additional areas 
could be included in the regional-scale analysis provided they are expected to contribute to 
biodiversity conservation for the long term (e.g., areas owned by the EcoPark System partners or 
other areas providing high quality habitat). For the local-scale sources, we used lands owned and 
managed by EcoPark System partner organizations within the Cootes to Escarpment area. To 
ensure contiguity of sources, we calculated a buffer of 45 m around the perimeter of each polygon, 
merged overlapping polygons, retracted the 45 m buffer, and filtered out small polygons (< 1 km2 at 
the regional scale, and < 0.04 km2 at the local scale). This resulted in 7 sources at the regional scale 
and 14 sources at the local scale (Fig. 4). We used the same sets of local and regional sources to 
delineate ecological corridors for all focal species. The resistance raster used for each focal species 
was the same as in the Omniscape analyses. Lastly, we used a cost-weighted distance threshold of 2 
km, based on the general guideline that a conservation corridor should be at least 2 km wide to 
provide long-term ecological connectivity (Beier 2019). 

We ran the Linkage Mapper toolbox in two steps. First, we ran the Linkage Pathways tool to 
delineate ecological corridors between sources. We used default settings with the additional option 
to prune networks, such that each source could only be connected to a maximum of 2 other sources 
(see Appendix S2 for details on unpruned network). Then, we ran the Pinchpoint Mapper tool, 
which uses Circuitscape (Anantharaman et al. 2020) to identify bottleneck areas in the corridors 
produced by the Linkage Pathways tool (i.e., narrow areas of high movement probability). We used 
default settings to run the analysis.  
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Figure 4. Linkage Mapper sources for the regional and local scale analyses. Note that at the local scale, not all 
sources are named, only the ones mentioned in the results (outlined in black). 

 

Results 
Omniscape 

Ecological connectivity at the EcoPark System differed between species, representing a 
range of dispersal abilities (Fig. 2). Based on the Omniscape results of normalized current (Fig. 5), 
here we summarize its implications for movement and connectivity conservation strategies. 

 
Figure 5. Maps of normalized current maps for each focal species at the focal area. As mentioned above, the 
dispersal distance for Northern short-tailed shrew is 500 m, for the Blanding’s turtle 2 km, and for the White-
tailed deer 20 km (Fig. 2). 

Connectivity categories  

Connectivity across the focal area is predominantly impeded for all species, ranging from 
73% (Northern short-tailed shrew) to 54% (White-tailed deer) of the landscape (Table 3).  
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Table 3. Summary of representation of connectivity categories across the focal area (based on Figure 6). 

Species Connectivity categories Area (km2) Percentage (%) 
Northern short-tailed shrew Impeded 6.1 73.3 

Diffuse 1.6 18.8 
Intensified 0.5 5.6 
Channelized 0.2 2.3 

Blanding’s turtle Impeded 5.2 62.5 
Diffuse 1.2 14.1 
Intensified 1.1 13.1 
Channelized 0.8 10.2 

White-tailed deer Impeded 4.5 54.1 
Diffuse 2.2 26.7 
Intensified 1.1 13.8 
Channelized 0.4 5.3 

Considering the areas with connectivity, species differ in the relative representation of the different 
connectivity categories (Fig. 6). For the Northern short-tailed shrew, the diffuse connectivity 
category is disproportionally more common (19%) than the others (6% and 2% for intensified and 
channelized, respectively). For the Blanding’s Turtle, the proportion of the focal area covered by 
each connectivity category is similar (Table 3). For the White-tailed deer, there a negative trend 
between connectivity categories and coverage, where diffuse represents 27%, intensified 14%, and 
channelized 5% of the landscape. 

 
Figure 6. Maps of connectivity categories for each focal species. 

Strategy mapping 

When considering conservation strategies for improving connectivity for each focal species 
(Fig. 7), most of the focal area corresponds to the Planning & Incentives strategy: from 16% for the 
Northern short-tailed shrew to 30% for the White-tailed deer (Table 4). 
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Figure 7. Maps of strategies for each focal species. 

These areas correspond to unprotected lands of diffuse or intensified movement where the EcoPark 
System partners can work with landowners, rightsholder and planners to improve connectivity for 
each focal species. The proportion of focal area that could be targeted for “Securement & 
Restoration” is smaller and varies with species, from 2% for the Northern short-tailed shrew to up 
to 7% for the Blanding’s turtle. Within protected EcoPark System lands, most of the area 
corresponds to the “Management for permeability” strategy, with a similar proportion across 
species (Table 4). These areas of diffuse or intensified movement within the EcoPark System are 
strong candidates for restoration projects. A smaller proportion of EcoPark System lands, 
corresponding to 1-3% of the landscape, maps to the “Localized intervention” strategy. These are 
areas of channelized movement where the removal of barriers and creation of crossing structures 
should be prioritized. 

Table 4. Tabular summary of representation of strategies across the focal area (based on Figure 7). 

Species Strategies Area (km2) Percentage (%) 
Northern short-tailed shrew Planning & Incentives 1.3 15.4 

Securement & Restoration 0.1 1.7 
Management for permeability 0.7 8.8 
Localized interventions 0.1 0.6 

Blanding’s turtle Planning & Incentives 1.5 17.8 
Securement & Restoration 0.6 7.4 
Management for permeability 0.8 9.4 
Localized interventions 0.2 2.8 

White-tailed deer Planning & Incentives 2.5 29.9 
Securement & Restoration 0.3 4.2 
Management for permeability 0.9 10.6 
Localized interventions 0.1 1.1 

It may not be possible, however, to implement connectivity conservation programs based 
on species-specific requirements. Instead, summarizing results across all species (Figs. 8 and 9) to 
identify areas of consensus between species for each strategy may aid in identifying priority areas 
for interventions. Here, we present results in two ways: separately for each strategy, showing the 
degree of consensus across species, ranging from 1 to 3 (Fig. 8); and a summary map across 
strategies, showing areas of consensus across all 3 species (Fig. 9).  
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Figure 8. Maps of the representation of strategies across species. The colour gradient represents the number 
of species (1 to 3) for which a given area was classified under a given strategy type.  

The strategies “Planning & Incentives” and “Management for permeability” have the most 
representation across species, based on both Figures 8 and 9. When considering the consensus 
across all three species, “Planning & Incentives” corresponds to 6.3% of the landscape, and 
“Management for permeability” to 5.7%(Table 5, Fig. 9). In turn, overlap across species for the 
strategies “Securement & Restoration” and “Localized intervention” is  restricted, respectively 
representing 0.4 and 0.1% of the focal area when considering consensus across all three species 
(Table 5, Fig. 9). 
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Figure 9. Consensus strategy map across all species. Based on overlaying areas of consensus across all three 
focal species from Figure 8. 

 

Table 5. Tabular summary of amount of area and percentage covered by each strategies based on the 
consensus map from Figure 9. 

Strategies 
Consensus across species 

Area (km2) Percentage (%) 
No consensus 3.99 47.6 
Impeded 3.31 39.6 
Planning & Incentives 0.52 6.3 
Securement & Restoration 0.04 0.5 
Management for permeability 0.49 5.8 
Localized interventions 0.01 0.2 

 

Corridor delineation 

At the regional scale, there are commonalities and disagreements in the delineated 
corridors and pinchpoints across species (Fig. 10). We outline the results using the location of the 
EcoPark System as a point of reference, identifying corridors located to the east and west of the 
EcoPark System.  

East of the EcoPark System, the Niagara Escarpment serves as a common corridor for all 
species leading to Bronte Creek Provincial Park. There is one area of disagreement however, 
between the north-west boundary of Cootes Paradise Marsh and Highway 6. Despite being located 
along the escarpment, results point to a lower importance of this area for connectivity for the 
Northern short-tailed shrew and White-tailed deer. Regarding pinchpoints, all species share a 
pinchpoint where the corridor crosses Highway 6, Waterdown road, Dundas Street, Highway 403 
along Beth Jacob Court (except the Northern short-tailed shrew), and the ravine surrounding 
Bronte Creek. The Blanding’s turtle shows two additional pinchpoints, one by Fisher’s Pond Nature 
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Reserve and another where the corridor crosses Walkers Line. The White-tailed deer shows one 
additional pinchpoint where the corridor crosses Highway 403 along Old Guelph road and the 
railroad tracks. 

West of the EcoPark System, Cootes Paradise Marsh is connected to the Dundas Valley 
Conservation Area via a corridor south of the Niagara Escarpment, which is a consistent pinchpoint 
for all species.  

North of the Dundas Valley Conservation Area is where most of the disagreements between 
species are. Between Dundas Valley Conservation Area and Beverley Swamp Natural Area, there are 
two delineated corridors: an eastmost corridor partially shared by the Northern short-tailed shew 
and the Blanding’s Turtle, and a westmost corridor shared by the Blanding’s Turtle and the White-
tailed deer. In both corridors and south of the Highway 5 is where pinchpoints are located for both 
the Northern short-tailed shew and the Blanding’s Turtle. 

Between Beverley Swamp Natural Area and Fletcher Creek Ecological Preserve, the 
Northern short-tailed shew and the White-tailed deer share an eastmost corridor. Alternatively, the 
Blanding’s Turtle follows its own corridor, with a pinchpoint along the way. 

 

Figure 10. Movement probability maps for each focal species at the regional scale. Results show potential 
delineated corridors between OECMs.  

At the local scale, much of the areas surrounding the EcoPark System lands are delineated 
as suitable corridors for species, with Blanding’s turtle showing the narrowest corridors and the 
White-tailed deer showing the least restriction to movement (Fig. 11). Therefore, we focus on 
highlighting the pinchpoint areas. Common across all species are pinchpoints (1) crossing Highway 
6, between Hopkins Track and a small parcel of land located to the north of it belonging to the City 
of Hamilton; and (2) along Highway 403 and York Boulevard, between Hamilton Cemetery and 
Dundurn Park and Hendrie Valley. 
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Figure 11. Corridor movement probability maps for each focal species at the local scale. Results show 
potential delineated corridors between lands owned and managed by EcoPark System partner organizations.  

 

Conclusion 
In this report, we assessed connectivity in the EcoPark System based on current landscape 

conditions. Specifically, we used Omniscape to measure ecological connectivity, which we 
summarized into connectivity categories and connectivity management strategies; and we used 
Linkage Mapper to delineate corridors, both within the EcoPark System, and between the EcoPark 
System and the surrounding landscape. The maps presented here can serve as guidance in 
identifying areas that may benefit from conservation and management actions in support of 
maintaining or improving connectivity. 

While movement in this peri-urban landscape is predominantly impeded, a large percentage 
of the area may benefit connectivity through incentive programs, stewardship outreach, 
conservation easements, and actions focused on managing the permeability of the matrix. At a 
larger scale, the evidence suggests that the EcoPark System operates as a corridor, connected to 
other areas of conservation importance in the region. Moreover, despite representing a range of 
dispersal abilities, the focal species considered here share many of the delineated corridors and 
pinchpoints. 

In future work, efforts to monitor species movement along these corridors and the 
effectiveness of conservation and management actions to improve connectivity in these areas can 
serve to validate and improve the connectivity models presented here. 
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