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Executive Summary – Volume 4 
 
BlackPearl Resources Inc. (BlackPearl) is submitting an Integrated Application to the Alberta Energy 
Resources Conservation Board (ERCB) and Alberta Environment and Water (AEW) for approval to 
construct, operate and reclaim an in-situ steam assisted gravity drainage (SAGD) bitumen recovery 
project. A comprehensive Environmental Impact Assessment (EIA) has been prepared as part of the 
Integrated Application.  

The proposed Blackrod Commercial SAGD Project (the Project) is located on Crown land east of the 
Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km northwest of 
the Hamlet of Wandering River, Alberta. The Project is expected to be developed in three phases over an 
estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of crude bitumen 
and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 80,000 bbl/d. 
The proposed development will have a central processing facility (CPF) and is expected to have up to 69 
well pads over the life of the Project. The Project is accessible from Highway 63 using an existing access 
road. 

Vegetation 
The spatial boundaries considered for the vegetation assessment include the Project Area (i.e., the area 
directly disturbed by the Project activities), the LSA and the RSA. The LSA is defined as a 450 m wide 
buffer around the edge of the Project Area and is 6,136 ha in area with a 41 km long perimeter. The RSA 
consists of an area extending beyond the LSA boundary and is defined by the Athabasca River to the 
west, Duncan Creek to the south and southeast as well as unnamed creeks to the north and east. The 
RSA is 74,488 ha in area with a 165 km perimeter. 

The Project has the potential to affect vegetation resources in the LSA and RSA, and will interact with 
existing and planned future developments to have cumulative residual effects on vegetation. The issues 
assessed for vegetation in this EIA are consistent with those identified in the Project TOR (AEW 2012) 
and by stakeholders and regulators, and include: loss or alteration of native vegetation; and loss or 
alteration of rare ecological communities and rare plant populations. 

Vegetation indicators were selected at both a community level and a species level. Indicators of loss or 
alteration of native vegetation selected at a community level include:  

• vegetation communities; 

• wetlands; 

• old growth forests;  

• riparian areas; 

• vegetation communities of limited distribution; and 

• habitat fragmentation. 

Indicators of loss or alteration of native vegetation selected at a species level include non-native and 
invasive plants, and traditionally used plants identified during the Traditional Ecological Knowledge (TEK) 
component of the vegetation study. 

The selected indicators of loss or alteration of rare ecological communities and rare plant populations 
include rare ecological communities (classified using Allen 2011) at a community level, and rare plant 
populations at a species level. 

Since mitigation of effects on vegetation is primarily associated with reclamation, the assessment of 
effects was completed at the closure phase to evaluate predicted residual effects following 
implementation of all applicable mitigation (e.g., reclamation). The temporal boundary of the closure 
phase extends 30 years beyond completion of reclamation in 2050, to 2080. This is the approximate time-
frame expected for regeneration of reclaimed areas to a young forest structural stage where a natural 
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successional trajectory is established according to the objectives outlined in the Conservation and 
Reclamation Plan (Volume 1, Section 11.0). 

The identified issues were assessed for each of the vegetation indicators. Results of the quantitative 
assessment of native vegetation communities indicate that predicted vegetation community changes from 
Baseline Case to Application Case and Planned Development Case (PDC) at closure phase result in an 
overall increase in the area of: native vegetation communities; wetlands; potential old growth forests; 
native vegetation communities in riparian areas; and vegetation communities of limited distribution. These 
increases are due to reclamation of the Project, reclamation of existing disturbance on the Project Area, 
and reforestation of existing cutblocks and known future cutblocks at closure phase. There will be some 
localized permanent alteration to vegetation communities due to the reclamation of portions of well pads 
and access roads within deep peatlands to upland, swamp and early successional deep peatlands. There 
will also be some localized permanent alteration to vegetation communities due to reclamation of a 
portion of borrow pits in upland habitats to marsh and swamp habitats.  

Results of the quantitative assessment of habitat fragmentation at the LSA scale predict an overall 
decrease in mean patch size of native vegetation communities, and an overall increase in mean patch 
size of wetlands and native vegetation communities in riparian areas from Baseline Case to Application 
Case. Results of the quantitative assessment of habitat fragmentation at the RSA scale predict an overall 
increase in mean patch size of native vegetation communities, wetlands and native vegetation 
communities in riparian areas from Baseline Case to PDC at closure phase. Mean anthropogenic edge is 
predicted to decrease for native vegetation communities, wetlands and native vegetation communities in 
riparian areas for both Application Case and PDC at closure phase. 

Following the implementation of effective industry standard measures to reduce the potential for the 
introduction and spread of weeds, the impacts due to non-native and invasive plants will be not 
significant.  

Direct loss of traditionally used plant species will occur within the Project Area during construction, 
operation, decommissioning and reclamation. However, during the course of decommissioning, 
reclamation and closure, disturbed areas will be revegetated and traditionally used species will recolonize 
the reclaimed Project Area along with other native vegetation species. A selection of traditionally used 
species have been included in the planting prescriptions contained within the C&R Plan for the Project 
(Volume 1, Section 11.0), to be utilized for the revegetation of disturbed sites. The traditionally used 
species included in the planting prescriptions are characteristic of the Ecosite Phases encountered by the 
Project. As a subset of all native vegetation communities, some alteration of traditionally used plants is 
expected, but traditionally used plants are expected to increase in extent overall at closure phase. 

In general, incremental Project effects, as well as cumulative effects of existing disturbance, the Project 
and known future developments, will be mitigated through reclamation and reforestation such that the 
residual effects of loss or alteration of native vegetation (including native vegetation communities, 
wetlands, riparian areas, potential old growth forests, communities of limited distribution and traditionally 
used plants) will be not significant. 

With the implementation of proposed site-specific mitigation measures and contingency planning, the 
cumulative effects of existing disturbance, the Project and known future developments on rare plant 
populations and rare ecological communities will be reduced to such a level that the population or 
community is not placed at risk and will, therefore, be not significant.  

All potential residual cumulative effects on vegetation at the Application Case and PDC closure phase are 
expected to be not significant. 

Wildlife 
The spatial boundaries considered for the Wildlife Assessment include the Project Area (i.e., the area 
directly disturbed by Project activities), two Wildlife LSAs, the Wildlife RSA and the Caribou RSA (CRSA). 
The Wildlife LSA varies (either 1 km or 300 m buffer around the Project Area) with the wildlife indicator 
being evaluated, based on factors relevant to the indicator being considered. The Wildlife RSA 
encompasses the Project Area, LSAs and the broader surrounding area where there is potential for 
cumulative and/or wider-spread Project effects. Regional effects on woodland caribou were assessed at 
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the scale of the Wandering and Agnes caribou herd boundaries (i.e., the CRSA), which is the spatial 
scale at which woodland caribou management occurs. Indirect effects of the Project are unlikely to 
interact with other existing and known future developments and activities to affect woodland caribou 
beyond the Wandering and Agnes caribou ranges. 

The Project has potential to affect wildlife resources in the LSAs, RSA and CRSA, and will likely interact 
with existing and planned future developments to have cumulative effects on wildlife. The identified issues 
assessed for wildlife in this EIA are consistent with those identified in the Project TOR (AEW 2012) and by 
stakeholders and regulators. They include wildlife habitat availability and effectiveness, wildlife 
movement, and wildlife health and mortality risk, all of which have potential to affect wildlife abundance 
and traditional use.  

In order to focus the assessment of Project effects, wildlife indicators were selected that represent 
broader species groups or key habitats, and considered conservation status. Species with special 
conservation status are often sensitive to habitat change and are, therefore, appropriate indicators of 
ecological change. As such, potential effects on wildlife species with special conservation status that may 
occur in the RSA are addressed in the assessment of the selected wildlife indicators. Ten wildlife 
indicators were selected, including: 

• six mammal species/associations: beaver, black bear, fisher, lynx/snowshoe hare, 
moose, woodland caribou; 

• three bird species/communities: northern goshawk, old-forest bird community, 
sandhill crane; and 

• one amphibian: western toad. 

The identified issues were assessed for each of the wildlife indicators. Results of the quantitative 
assessment of habitat availability (i.e., habitat modeling) indicate that predicted habitat change from 
Baseline Case in the RSA is below regional thresholds at the Application Case and PDC. The magnitude 
of effects on wildlife habitat availability and effectiveness is generally low for most indicators, but ranges 
from negligible to medium at both the Application Case and PDC. Potential cumulative effects on wildlife 
movement are expected to be negligible to low. The Screening Level Wildlife Risk Assessment concluded 
that risks to wildlife health are low and no impacts to wildlife populations are expected from exposure to 
soil, water or air contaminants at the Application Case and PDC. Potential effects on wildlife health and 
mortality risk for the assessed wildlife indicators are generally negligible to low, but may be medium for 
western toad. All potential residual cumulative effects on wildlife at the Application Case and PDC are 
expected to be reversible and not significant. 

BlackPearl will work with ASRD to develop an appropriate wildlife monitoring protocol that will facilitate 
evaluation and adaptive management of Project effects on wildlife and mitigation measures. The 
monitoring program protocols will reflect the Project phase. During the construction and operation phases, 
monitoring objectives will focus on ensuring the applied mitigation measures are effectively mitigating 
adverse effects on wildlife in the Wildlife LSA. As the Project progresses into the decommissioning, 
reclamation and closure phases, the objectives of the monitoring program will be to evaluate the 
effectiveness of reclamation efforts to restore disturbed wildlife habitat in the Project Area, and inform 
adjustment of reclamation protocols as needed to ensure habitat restoration objectives are met. 

In addition, BlackPearl intends to participate in regional monitoring initiatives and adopt standardized 
monitoring protocols as they are developed by the Ecological Monitoring Committee for the Lower 
Athabasca (EMCLA). BlackPearl anticipates that the EMCLA will facilitate sharing of project-specific 
wildlife monitoring information amongst in-situ operators in the region, and coordinate regional wildlife 
monitoring efforts. In addition to EMCLA, BlackPearl plans to participate in the Alberta Biodiversity 
Monitoring Institute (ABMI) regional monitoring program. BlackPearl is also committed to joining the Oil 
Sands Developers Group (OSDG), which is an industry association representing companies actively 
engaged in the development of Canada’s Athabasca oil sands region. BlackPearl will participate on the 
environmental committee which is supportive of the regional biodiversity monitoring initiative. 
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Biodiversity 
The spatial boundaries considered for the Biodiversity Assessment include the Project Area (i.e., the area 
directly disturbed by Project activities), as well as LSAs and RSAs defined for both terrestrial and aquatic 
resources. The Terrestrial LSA corresponds to the 1 km Wildlife LSA, which is defined by a 1 km buffer 
around the Project Area. Likewise, the Terrestrial RSA is the same as the Wildlife RSA, and 
encompasses the Project Area, Terrestrial LSA, and the broader surrounding area where there is 
potential for cumulative and/or wider-spread Project effects to biodiversity. Effects on biodiversity of 
aquatic resources were assessed in the context of the Aquatic Ecology LSA and RSA, identical to those 
considered for the Aquatic Ecology Assessment. 

The Project has potential to affect terrestrial and aquatic resources in their respective LSAs and RSAs, 
and will likely interact with existing and known future developments to have cumulative effects on 
biodiversity. The identified issues assessed for biodiversity are consistent with those identified in the 
Project TOR (AEW 2012), and include loss of biodiversity and fragmentation.  

In order to focus the assessment of Project effects, measurable parameters known to vary with changes 
in biodiversity were reviewed and combined to quantify the diversity of biological resources within and 
among ecosystems of the LSAs and RSAs. Similarly, the diversity of patches within the landscapes of the 
Terrestrial LSA and RSA was quantified according to the combination of several measurable parameters 
known to vary with changes in the spatial patterns of landscapes. The indices derived from the collective 
consideration of these selected measurable parameters resulted in the calculation of an Ecosystem 
Biodiversity Potential and a Landscape Biodiversity Potential, which were the indicators for which effects 
to biodiversity were quantified and assessed. 

The identified issues were assessed for their potential to affect the biodiversity of terrestrial and aquatic 
resources. Local and regional biodiversity of terrestrial resources was predicted to experience a net 
positive effect due to reclamation and reforestation of existing disturbances and known future 
developments, in addition to the reclamation of the Project Area. Cessation of activities, reclamation and 
reforestation of cleared areas in the vicinity of drainage features are expected to reverse predicted 
indirect negative effects to the biodiversity of aquatic resources. Locally, fragmentation resulting from 
clearing of vegetation for the Project will result in a negative effect to biodiversity in the landscape. 
However, in consideration of reforestation of cutblocks associated with existing disturbance and known 
future developments, a net positive effect to landscape fragmentation will be realized at the regional scale 
at closure phase. Although reforestation and reclamation activities will result in some permanent effects, 
all residual effects to biodiversity for the Application Case and Planned Development Case are expected 
to be not significant. 

Monitoring of biodiversity will be addressed through the monitoring protocols planned for aquatic ecology, 
vegetation and wildlife resources, in addition to BlackPearl’s commitment to participate in regional 
ecological and biodiversity monitoring initiatives (e.g., EMCLA, ABMI, OSDG). 

Terrain and Soils 
The Terrain and Soils Assessment evaluates the potential effects of the Project on the terrain and soils 
resource. The spatial boundaries used within the Terrain and Soils Assessment include the Project Area, 
the Soils LSA and the Soils RSA. The Project Area includes the area directly disturbed by Project 
activities. The entire Project Area is approximately 966 ha, while the area of direct soil disturbance 
expected within the Project Area is approximately 960 ha. The Soils LSA includes a 450 m buffer around 
the Project Area. Direct effects of the Project on terrain and soils are largely limited to the Project Area; 
however, the buffer allows for flexibility with final siting of Project infrastructure. The LSA is approximately 
6,136 ha. The Soils RSA was developed to evaluate the potential cumulative effects of Project emissions 
on soil acidification. The RSA includes a 5 km buffer surrounding the Soils LSA. The use of a 5 km buffer 
was determined through a review of previous SAGD assessments and through discussions with AEW.  

Four terrain and soils related issues were identified. These include terrain diversity, soil quality, soil 
diversity and soil acidification. The issues were evaluated for the Baseline Case, Application Case and 
PDC. The application case and PDC were assessed during the construction, operation, and 
decommissioning and reclamation phases. 
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Terrain diversity (or the number of terrain types present within an area) is an identified issue, since 
disturbance related to construction and reclamation activities will result in alteration of terrain types 
(parent materials) and topography (slope characteristics) within the Project Area. Diverse terrain types 
have a tendency to support a diversity of soil types as well as diverse vegetation communities.  

The potential Project effect on terrain diversity was assessed by comparing the area of each terrain type 
(parent material) in the Soils LSA for the Baseline Case and Application Case through all phases 
(construction, operation, and decommissioning and reclamation phases). Terrain types were viewed as 
altered or lost within the Project Area as a result of Project disturbance. Once disturbed, the material 
types are classified as anthropogenic or reclaimed and not of pre-disturbance origin. The Project will have 
a negative, permanent, low magnitude effect on terrain diversity. While the pre-disturbance terrain types 
will be lost, all areas disturbed as a result of the Project will be reclaimed, including the existing disturbed 
areas within the Project Area. Upland mineral reclaimed soils will generally replace pre-disturbance 
mineral terrain types. Some Organic terrain will be reclaimed (geotextile and fill removed) and is expected 
to return to an Organic reclaimed soil, but a portion of the well pads and access roads constructed in 
deep peat areas will be reclaimed as upland mineral soils. As the Project disturbs a maximum extent of 
10% of any particular terrain type within the Soils LSA, the magnitude is low and the residual effect is 
considered to be not significant. 

Project related disturbance may cause changes to soil quality. Soil quality may be altered through 
erosion, compaction, contamination and admixing, which may affect soil structure, texture and nutrient 
status. Changes to the landscape, drainage patterns and water table may alter soil moisture regime. In 
combination, changes in land capability may result. Changes in land capability may lead to decreased 
productivity; soils may be unable to support vegetation communities that they supported prior to Project 
construction.  

The potential Project effect on soil quality was assessed quantitatively by comparing the area of each 
land capability class at Baseline Case and Application Case for all phases. Soil within the Project Area is 
assumed to have a land capability classification rating of 5 during construction and operation. Upland 
mineral terrain types will generally be reclaimed to upland reclaimed landscapes. A portion of the Organic 
terrain affected by the Project (e.g., well pads and access roads constructed on deep peat) will not be 
reclaimed to wetland or Organic types, but instead will be reclaimed to upland ‘islands’ containing a 
portion of upland, transitional and Organic soil types. The Project will have a neutral, permanent, low 
magnitude effect on soil quality. The net capability for forestry is increased, since there is a predicted 
increase in Class 2 and 3 soils, with a corresponding decrease in Class 4 and 5 soils. This is due to the 
creation of upland ‘islands’ where well pads are situated in deep peat areas. The magnitude of the effect 
is low since less than a 2% change in each land capability class is anticipated. The residual effect is 
considered to be not significant.  

Soil diversity (or the number of soil types present within an area) was identified as an issue, since 
disturbance related to construction and reclamation activities will result in alteration of soil types within the 
Project Area. Soil diversity has the potential to affect biodiversity, since different soil types support 
different vegetation communities, which in turn support different wildlife communities.  

The potential Project effect on soil diversity was assessed by comparing the area of each soil map unit 
type in the Soils LSA at Baseline Case and Application Case for all phases. Soil types were viewed as 
altered or lost within the Project Area as a result of Project disturbance. Upon reclamation, soil function 
will be restored; however, the soil type is considered to be “reclaimed soil” not the pre-disturbance soil 
type. The Project will have a negative, permanent, low magnitude effect on soil diversity. Since the 
Project disturbs a maximum extent of 5% of any soil type within the Soils LSA, the magnitude is low and 
the residual effect is considered to be not significant. 

Soil acidification is an issue associated with the Project, primarily resulting during the operation phase 
when potentially acidifying emissions are produced. Soil acidification can affect soil quality and capability, 
which may in turn affect the health of vegetation communities. The operation of other projects in the 
vicinity of the Soils LSA and RSA, as well as known future developments, have the potential to contribute 
to the total cumulative Potential Acid Input (PAI), which can increase the potential for soil acidification. 
Soils affected by acidification may have decreased productivity and may be unable to support vegetation 
communities that they supported prior to receiving acid inputs.  
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The potential Project effect on soil acidification was determined using a combination of the Soils LSA and 
RSA soils maps, along with the modeled 50-year mid-CV case critical loads (the mid-CV [critical value] 
case is the lowest critical load determined for 50% of the difference between the starting and literature-
based values for a parameter). The PAI air modeling results isopleths for the Baseline Case and 
Application Case were overlain on the above within a GIS environment to assess whether or not any soil 
type had its critical load exceeded. The assessment determined that there are no areas within the Soils 
LSA or RSA that are predicted to receive PAI emissions above the soil critical load for the Baseline Case 
or the Application Case. Consequently, the effect of the Project on soil acidification is considered to be 
not significant. 

Potential cumulative effects on terrain diversity, soil quality and soil diversity for the PDC are related to 
direct disturbance within the Soils LSA and RSA. There are no other overlapping known future 
developments with the Soils LSA or RSA that are anticipated to disturb the terrain and soils resource, so 
the assessment of these issues was not carried forward. Cumulative effects on soil acidification were 
assessed as emissions from other existing and planned projects in the Air Quality RSA  that have the 
potential to contribute to the Application Case PAI isopleths. The PDC assessment determined that there 
are no areas within the Soils LSA or RSA that are predicted to receive PAI emissions above the soil 
critical load.  

Monitoring programs include soil monitoring for contamination, soil salvage and stockpiling monitoring, 
erosion control assessments and post-reclamation land capability monitoring. 

 



Acknowlegements

BlackPearl wishes to acknowledge the following organizations for their contribution to this application:

TERA Environmental Consultants
     Vegetation
     Wildlife
     Biodiversity

Paragon Soil and Environmental Consulting Inc.
     Terrain and Soils



 

 

 

 

VEGETATION 
 



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-i 
 
 

TABLE OF CONTENTS 

Page 
1.0  VEGETATION ............................................................................................................................... 1-1 

1.1  Introduction ...................................................................................................................... 1-1 
1.2  Terms of Reference ......................................................................................................... 1-1 
1.3  Assessment Approach ..................................................................................................... 1-4 

1.3.1  Objectives ........................................................................................................... 1-4 
1.3.2  Spatial Boundaries .............................................................................................. 1-4 
1.3.3  Temporal Boundaries .......................................................................................... 1-7 
1.3.4  Issues .................................................................................................................. 1-8 
1.3.5  Indicator Selection ............................................................................................ 1-10 
1.3.6  Measurable Parameters for Select Indicators ................................................... 1-16 
1.3.7  Assessment Criteria .......................................................................................... 1-17 

1.4  Methods ......................................................................................................................... 1-18 
1.5  Baseline Case ................................................................................................................ 1-20 
1.6  Application Case ............................................................................................................ 1-21 

1.6.1  Loss or Alteration of Native Vegetation ............................................................ 1-22 
1.6.2  Loss or Alteration of Rare Ecological Communities or Rare Plant 

Populations ....................................................................................................... 1-50 
1.6.3  Application Case Summary of Residual Effects ............................................... 1-67 

1.7  Planned Development Case .......................................................................................... 1-67 
1.7.1  Loss or Alteration of Native Vegetation ............................................................ 1-68 
1.7.2  Loss or Alteration of Rare Ecological Communities or Rare Plant 

Populations ....................................................................................................... 1-90 
1.7.3  Summary of Potential Effects on Vegetation Indicators.................................... 1-98 

1.8  Monitoring ...................................................................................................................... 1-98 
1.9  Summary ........................................................................................................................ 1-99 
1.10  References ................................................................................................................... 1-101 

1.10.1  Literature Cited ................................................................................................ 1-101 
1.10.2  GIS References............................................................................................... 1-105 

 

LIST OF APPENDICES 
Appendix 1A   Vegetation Baseline Report ...........................................................................................1A-1 
Appendix 1B  Rare Ecological Community and Rare Plant Population Discovery 

Contingency Plan ...........................................................................................................1B-1 
 

LIST OF FIGURES 
Figure 1.1-1 Regional Location ............................................................................................................ 1-2 
Figure 1.1-2 Project Phases ................................................................................................................. 1-3 
Figure 1.3-1 Vegetation LSA and RSA Boundaries ............................................................................. 1-6 
Figure 1.3-2 Vegetation LSA, RSA and Natural Subregions .............................................................. 1-12 
Figure 1.6-1 Closure ELC ................................................................................................................... 1-28 
Figure 1.6-2 Closure AWI ................................................................................................................... 1-32 
Figure 1.6-3 Closure Old Growth Ecosite Phases .............................................................................. 1-36 
Figure 1.6-4 LSA Closure Riparian Areas .......................................................................................... 1-40 
Figure 1.6-5 LSA Closure ELC Communities of Limited Distribution ................................................. 1-43 
Figure 1.6-6 LSA Closure AWI Communities of Limited Distribution ................................................. 1-45 
Figure 1.6-7 LSA Closure ELC Potential to Support Rare Ecological Communities .......................... 1-62 
Figure 1.6-8 LSA Closure ELC Potential to Support Rare Vascular Plants ....................................... 1-66 
Figure 1.7-1 RSA PDC Closure Phase LCC ...................................................................................... 1-71 
Figure 1.7-2 RSA PDC Closure Phase Wetlands .............................................................................. 1-74 
Figure 1.7-3 LSA PDC Closure Old Growth Ecosite Phases ............................................................. 1-78 



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-ii 
 
 

Figure 1.7-4 RSA PDC Closure Phase Riparian Areas ..................................................................... 1-81 
Figure 1.7-5 RSA PDC Closure Phase LCC Communities of Limited Distribution ............................ 1-85 
 

LIST OF TABLES 
Table 1.2-1   Terms of Reference for Vegetation .................................................................................. 1-1 
Table 1.3-2   Vegetation Indicators, Measurable Parameters and Associated Metrics ...................... 1-16 
Table 1.3-3   Residual Effects Assessment Criteria ............................................................................ 1-17 
Table 1.6-1   Change in ELC Distribution From Baseline to Application Case at Closure 

Phase in the LSA ........................................................................................................... 1-27 
Table 1.6-2   Change in AWI Distribution From Baseline to Application Case at Closure 

Phase in the LSA ........................................................................................................... 1-31 
Table 1.6-3   Change in Old Growth Forest Distribution From Baseline to Application Case 

at Closure Phase in the LSA .......................................................................................... 1-35 
Table 1.6-4   Change in Riparian Area ELC Distribution From Baseline to Application Case 

at Closure Phase in the LSA .......................................................................................... 1-39 
Table 1.6-5   Change in Communities of Limited Distribution ELC Distribution From 

Baseline to Application Case at Closure Phase in the LSA ........................................... 1-42 
Table 1.6-6   Change in Communities of Limited Distribution AWI Distribution From 

Baseline to Application Case at Closure Phase in the LSA ........................................... 1-44 
Table 1.6-7   Change in Mean Patch Size Distribution Habitat Fragmentation Metrics From 

Baseline to Application Case at Closure Phase in the LSA ........................................... 1-48 
Table 1.6-8   Change in Mean Percentage Anthropogenic Edge From Baseline to 

Application Case at Closure Phase in the LSA .............................................................. 1-49 
Table 1.6-9   Site Specific Mitigation for Observed Rare Plant Populations ....................................... 1-52 
Table 1.6-10   Change in ELC With High to Moderate Potential to Support Rare Ecological 

Communities From Baseline to Application Case in the LSA ........................................ 1-61 
Table 1.6-11   Observed Rare Ecological Community and Uncommon Ecological 

Communities for Baseline Case and Application Case at Closure Phase ..................... 1-63 
Table 1.6-12   Change in ELC With Moderate to High Potential to Support Rare Vascular 

Plants From Baseline to Application Case in the LSA ................................................... 1-65 
Table 1.6-13   Significance Evaluation of Potential Residual Effects on Vegetation – 

Application Case ............................................................................................................ 1-67 
Table 1.7-1   Change in LCC Distribution From Baseline to PDC at Closure Phase in the 

RSA ................................................................................................................................ 1-70 
Table 1.7-2   Change in Wetland LCC Distribution From Baseline to PDC at Closure 

Phase in the RSA ........................................................................................................... 1-73 
Table 1.7-3   Change in Potential Old Growth Forest Distribution From Baseline to 

Planned Development Case at Closure Phase in the LSA ............................................ 1-77 
Table 1.7-4   Change in Riparian Area LCC Distribution From Baseline to PDC at Closure 

Phase in the RSA ........................................................................................................... 1-80 
Table 1.7-5   Change in Communities of Limited Distribution LCC Distribution From 

Baseline to PDC at Closure Phase in the RSA .............................................................. 1-84 
Table 1.7-6   Change in Mean Patch Size Distribution Habitat Fragmentation Metrics From 

Baseline to PDC at Closure Phase in the RSA .............................................................. 1-88 
Table 1.7-7   Change in Mean Percentage Anthropogenic Edge Distribution Habitat 

Fragmentation Metrics From Baseline to PDC at Closure Phase in the RSA ............... 1-89 
Table 1.7-8   Interaction of Observed Rare Vascular Plants With the Project and Known 

Future Cutblocks Within and Near the LSA ................................................................... 1-91 
Table 1.7-9   Interaction of Observed Rare Nonvascular Plants With the Project and 

Known Future Cutblocks Within and Near the LSA ....................................................... 1-93 
Table 1.7-10   Change in LCC With High Potential to Support Rare Vascular Plants From 

Baseline to PDC at Closure Phase in the RSA .............................................................. 1-97 
Table 1.7-11   Significance Evaluation of Potential Residual Effects on Vegetation at PDC................ 1-98 
 

 



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-1 
 
 

1.0 VEGETATION 

1.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is submitting an Integrated Application to the Alberta Energy 
Resources Conservation Board (ERCB) and Alberta Environment and Water (AEW) for approval to 
construct, operate and reclaim an in-situ steam assisted gravity drainage (SAGD) bitumen recovery 
project. A comprehensive Environmental Impact Assessment (EIA) has been prepared as part of the 
Integrated Application. This section addresses vegetation and was prepared by TERA Environmental 
Consultants (TERA).  

The proposed Blackrod Commercial SAGD Project (the Project) is located on Crown land east of the 
Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km northwest of 
the Hamlet of Wandering River, Alberta (Figure 1.1-1). The Project is expected to be developed in three 
phases over an estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of 
crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 
80,000 bbl/d (Figure 1.1-2). The proposed development will have a central processing facility (CPF) and 
is expected to have up to 69 well pads over the life of the Project. The Project is accessible from Highway 
63 using an existing access road. 

1.2 Terms of Reference 

This Vegetation Assessment was conducted according to the final Terms of Reference (TOR) issued by 
AEW (AEW 2012). The complete Project TOR Concordance Table is provided in Volume 1. The specific 
requirements for vegetation are provided in Table 1.2-1 below. The Vegetation Assessment also 
considered Sections 8.0 (Mitigation Measures), 9.0 (Residual Impacts) and 10.0 (Monitoring) of the final 
Project TOR. 

Most of the items in Table 1.2-1 below are addressed within the Vegetation Assessment; however, the 
environmental effects of the Project on terrestrial and aquatic habitat diversity are addressed in the 
Biodiversity Assessment (Volume 4, Section 3.0). Water quality and quantity are addressed in the 
Hydrology Assessment and Surface Water Quality Assessment (Volume 3, Sections 2.0 and 3.0, 
respectively). Erosion potential is addressed in the Terrain and Soils Assessment (Volume 4, 
Section 4.0).  

TABLE 1.2-1 
 

TERMS OF REFERENCE FOR VEGETATION 

3.6.1 Baseline Information  
 
[A]  Describe and map the vegetation communities, wetlands, rare plants, old growth forests, and communities of limited distribution.  Also identify any species 

that are: 
a)  listed as “at Risk”, “May be at Risk” and “Sensitive” in the General Status of Alberta Wild Species (Alberta Sustainable Resource Development 

[ASRD]); 
b)  listed in Schedule 1 of the federal Species at Risk Act (SARA); 
c)  listed as “at risk” by Committee on the Status of Endangered Wildlife in Canada (COSEWIC); and 
d)  traditionally used species. 

[B]  Describe and quantify the current extent of habitat fragmentation. 
3.6.2 Impact Assessment  
 
[A]  Describe and assess the potential impacts of the Project on vegetation communities, considering:  

a)  both temporary (include timeframe) and permanent impacts; 
b)  species richness and abundance; 
c)  the potential for introduction and colonization of weeds and non-native, invasive species; 
d)  potential increased fragmentation and loss of upland, riparian and wetland habitats; and 
e)  implications of vegetation changes for other environmental resources (e.g., terrestrial and aquatic habitat diversity and quantity, water quality and 

quantity, erosion potential). 
[B]  Identify key vegetation indicators used to assess the Project impacts. Discuss the rationale for their selection. 
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1.3 Assessment Approach 

1.3.1 Objectives 

The objective of the Vegetation Assessment is to describe the existing vegetation resources (Baseline 
Case) in the local and regional study areas; to predict and assess potential effects of the Project on 
vegetation resources, taking into consideration proposed mitigation measures to reduce or avoid potential 
effects of the Project; and to assess cumulative effects considering existing, approved and planned 
developments and activities in the region. 

Baseline studies to collect information on existing vegetation resources were conducted for the Project in 
2010 and 2011. The results of these studies and a review of existing local and regional information are 
provided in Appendix 1A. The Vegetation Assessment uses the baseline information and the Project 
description to: 

• identify potential interactions between Project activities and vegetation resources as well as the 
resulting direct or indirect effects to vegetation resources; 

• identify key vegetation issues and the relevant vegetation indicators that will be used to assess each 
issue; 

• develop appropriate, technically and economically feasible mitigation; 

• identify and evaluate residual effects and residual cumulative effects associated with each vegetation 
indicator, including a determination of significance of potential residual effects after taking into 
consideration proposed mitigation; and 

− provide significance conclusions for potential Project effects. 

1.3.2 Spatial Boundaries 

The spatial boundaries considered for the Vegetation Assessment include the: 

• Project Area, which is defined as the area directly disturbed by Project activities (Volume 1);  

• Vegetation Local Study Area (LSA); and  

• Vegetation Regional Study Area (RSA).  

1.3.2.1 Local Study Area 

The Vegetation LSA is defined as a 450 m wide buffer around the edge of the Project Area. It is located in 
Townships 77 and 78, Ranges 18 and 17, W4M, and is 6,136 ha in area with a 41 km long perimeter 
(Figure 1.3-1).  

Key considerations used to establish the spatial boundaries of the LSA for the Project were the expected 
distance that changes in light regime, microclimate, dust effects, other edge effects and hydrology are 
expected to extend from a disturbed area. Although direct alteration of vegetation is limited to the Project 
Area, vegetation composition in areas adjacent to the Project Area will be affected by indirect effects 
resulting from clearing. These changes are often referred to as edge effects. The spatial extent of 
changes in vegetation composition may be affected by a number of factors. In one study, increased light 
was shown to allow the invasion of shade-intolerant vegetation up to 30 m from the habitat edge (Ranney 
et al. 1981). Microclimate changes are known to extend from 10-50 m from the edge of a road surface 
(Forman et al. 2003). Additionally, sand and silt effects from road dust may extend 5-40 m from a road 
surface (Forman et al. 2003). Although, some roadway effects are not applicable to all components of the 
Project, such as the well pads, the clearing of native vegetation will result in similar effects in many 
instances. In addition, previous studies have observed edge effects ranging from 20-150 m (where edge 
effects do not relate to sensitive wildlife species) from the disturbance (Sustainable Ecosystems Working 
Group [SEWG] 2002). Therefore, the distance that the effects described above are expected to extend as 
a result of the Project is up to 150 m.  



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-5 
 
 

Wetlands could be affected by changes to local hydrology and topography in addition to the above 
mentioned edge effects. A Qualified Wetland Aquatic Environment Specialist (QWAES) takes into 
account a variety of factors such as wetland types, distribution, and hydrologic and topographical 
connectivity between wetlands, to further define the LSA. In consultation with a QWAES, a LSA larger 
than 150 m from the edge of the Project Area was established in order to ensure data were analyzed for a 
sufficient area adjacent to the Project Area. All of the considerations discussed above resulted in a 
Vegetation LSA delineated to include the area within a buffer of 450 m from the Project Area, which 
ensures a conservative estimate of the area in which vegetation resources are most likely to be affected 
by the Project. 

1.3.2.2 Regional Study Area 

The Vegetation RSA consists of a broader area extending beyond the LSA boundary and is defined by 
the Athabasca River to the west, Duncan Creek to the south and southeast, and unnamed creeks to the 
north and east. The RSA is located in Townships 73 through 78, Ranges 16, 17 and 18, W4M, and is 
74,488 ha in area with a 165 km long perimeter (Figure 1.3-1). 

Key considerations in defining the RSA were the separation distance typically used to distinguish one rare 
plant population from another, the distance at which wind effects (as a result of clearing) may extend into 
an area of native vegetation, and the interrelationship of vegetation resources with other elements such 
as soils, hydrology and wildlife.  

An Element Occurrence (EO) is the area of land or water in which a rare species or rare ecological 
community of conservation interest is or was present (NatureServe 2002). EOs generally refer to a local 
population or metapopulation (NatureServe 2002). Although there are many factors that may be taken 
into account in determining individual EOs, the default minimum separation distance for plant species 
EOs is 1 km (NatureServe 2002, 2004). The NatureServe methodology is used by provincial conservation 
data centres (including the Alberta Conservation Information Management System [ACIMS]) to define 
records of rare species and to rank species rarity (ACIMS 2011a). 

Changes in wind patterns as a result of clearing can affect weed dispersal. Although weed dispersal 
distances depend on a number of factors including the weed species, primary mode of reproduction, 
propagule dispersal vector and context of the infestation, many weed species produce large numbers of 
seeds that are wind dispersed. For example, approximately one third of the species listed in the Alberta 
Weed Control Regulation belong to the sunflower family (Asteraceae), which is adapted for wind 
dispersal. It has been noted that changes in wind currents may be detected at a distance (from the edge) 
of 100 times the height of the vegetation (Saunders et al. 1991). Based on Alberta Vegetation Inventory 
(AVI) data available for the Project, the taller trees in the LSA are 36 m tall (Alberta Pacific Forest 
Products Limited [Al-Pac] 2010). Therefore, meteorological edge effects have the potential to influence 
vegetation up to 3.6 km away (Saunders et al. 1991). The RSA includes this area of potential 
meteorological effects. 

The RSA focuses on encompassing expansive wetlands, waterbodies and riparian zones that are 
associated with the hydrology of wetland complexes in the area of the Project. The watercourses that 
border the RSA make up the hydrological regime of wetlands within the RSA, including a large fen that 
originates to the south of the Project. Numerous wetlands in the LSA are minerogenous hydrological 
systems. Since the existence and condition of these types of wetlands depends on linkage with the 
regional water system (i.e. channelized overland or channelized flow) (National Wetland Working Group 
[NWWG] 1997) it is important that the RSA includes these features. Unnamed tributaries (i.e. drainages) 
to the Athabasca River are encompassed within the RSA. 
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1.3.3 Temporal Boundaries 

The temporal boundary for the Vegetation Assessment was defined by the life span of the Project, which 
includes the construction, operation, decommissioning, reclamation and closure phases. The Project will 
be constructed and operated in a series of phases. However, the effects assessment considers the 
maximum disturbance scenario, in which the entire Project is either undeveloped, developed or 
reclaimed. This results in a conservative evaluation so that effects are not underestimated. Construction 
is scheduled to commence in 2013 and operations in 2015. The expected life of the Project (i.e., 
operation phase) is 30 years. Based on this scenario, the operational phase of the Project would extend 
from 2015 to 2045 with final reclamation estimated to be completed in 2050. The closure phase extends 
beyond the completion of reclamation activities in 2050, and is assessed to evaluate residual effects after 
all facilities and infrastructure have been decommissioned and removed, and all applicable mitigation 
measures (e.g., reclamation) are implemented. The closure phase assumes all reclamation activities have 
been completed and successional trajectories have been established that will return sites to pre-
disturbance Ecosite Phases or prescribed reclamation conditions (target end land use). 

Further details regarding Project scheduling and timing are provided in Volume 1, Section 1.6. 

Existing conditions described in the Baseline Case are used as the basis of comparison for the 
assessment of the Application Case and Planned Development Case (PDC).  

1.3.3.1 Baseline Case 

The temporal scope of the Baseline Case is defined as the current conditions including existing 
anthropogenic disturbance (e.g., transportation, oil and gas exploration and development, timber harvest) 
as of February 2012. Resource delineation disturbances for the Project (e.g., seismic lines, BlackPearl 
SAGD Pilot Project [Pilot Project], oil sands exploration [OSE] wells, access) completed or approved as of 
February 2012 are included in the Baseline Case. 

1.3.3.2 Application Case 

Project effects are assessed by comparing the Application Case to the Baseline Case. The assessment 
period for the Application Case includes construction, operation, decommissioning, reclamation and 
closure phases for the Project. Although the Project will be constructed and operated in a series of 
phases, the Application Case was first considered as a maximum disturbance scenario that assumes all 
phases of the Project are constructed and operational at the same time. This approach results in a 
conservative evaluation of effects.  

Since mitigation of effects on vegetation is primarily associated with reclamation, assessment of effects at 
the closure phase was completed to evaluate predicted residual effects following implementation of all 
applicable mitigation (e.g., reclamation). The temporal boundary of the closure phase extends 30 years 
beyond completion of reclamation in 2050, to 2080. This is the approximate time-frame expected for 
regeneration of reclaimed areas to a young forest structural stage where a natural successional trajectory 
is established according to the objectives outlined in the Conservation and Reclamation (C&R) Plan 
(Volume 1, Section 11.0). 

1.3.3.3 Planned Development Case 

Cumulative effects of existing disturbances and activities, the Project and known future developments are 
assessed by comparing the PDC to the Baseline Case. The assessment period for the PDC includes the 
construction, operation, decommissioning, reclamation and closure phases for the Project (as in the 
Application Case), as well as equivalent project phases of existing, approved and known future 
developments (publicly disclosed as of February 2012) (refer to inclusion list in Volume 2, Section 1.0). 
Since the PDC includes projects that have not yet received approval, the scope and size of future 
developments are expected to change. The PDC assessment is considered conservative since the 
identified future developments may or may not proceed. A PDC assessment is only completed for an 
indicator when the Application Case assessment indicates an adverse effect is likely to occur.  
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1.3.4 Issues 

Consistent with the Project TOR (AEW 2012), issues are addressed for all phases of the Project, which 
include construction, operation, decommissioning, reclamation, closure and other existing activities and 
known future developments. Project activities may have direct effects to native vegetation, rare ecological 
communities and rare plant populations (e.g., site clearing results in a loss of native vegetation within the 
Project Area); indirect effects to native vegetation, rare ecological communities and rare plant populations 
(e.g., site clearing results in alteration of native vegetation adjacent to the Project Area due to increased 
distance of light penetration); or a combination of both. 

The identified issues include: 

− loss or alteration of native vegetation; and  

− loss or alteration of rare ecological communities or rare plant populations. 

The potential effects to native vegetation have been assessed at both a community and species level, 
and are also applicable to rare ecological communities and rare plant populations. Due to the restricted 
distribution, the interaction of the Project with rare ecological communities and rare plant species is 
possible, although less likely than the interaction of the Project with other native vegetation. 

The potential effects of the Project on native vegetation include: 

• direct loss of vegetation;  

• introduction and colonization of weeds and non-native invasive species;  

• alteration of soil structure and loss of seed bank within topsoil;  

• changes to topography;  

• increased light penetration; 

• increased erosion; 

• changes to hydrology;  

• increased dust; 

• trampling of native vegetation; 

• herbicide application to native vegetation; and 

• changes in competition for soil nutrients and moisture. 

Direct loss of native vegetation will occur within the Project Area due to site clearing during construction. 
In addition, if maintenance and repairs conducted during operation require clearing and/or grading, direct 
loss of native vegetation will occur within the Project Area at this phase. During decommissioning and 
reclamation, direct loss of native vegetation will occur in small localized areas (while removing pipeline 
and transmission line footings) along multi-use corridors where revegetation has occurred since 
construction. However, during the course of decommissioning, reclamation and closure, the disturbed 
areas will be revegetated and therefore the direct effects to native vegetation will transition to alteration of 
native vegetation. 

Vegetation assessed at the species level includes non-native and invasive species. Non-native and 
invasive species tend to be pioneer species with characteristics that can exploit recently disturbed 
ecosystems. Non-native and invasive species that occur at high densities on the landscape can exert 
competitive pressure on native vegetation and result in loss or alteration of native vegetation. Portions of 
the Project Area will be maintained to be free of vegetation (e.g., well pads), including non-native and 
invasive vegetation, during the construction and operation phases of the Project. These areas will have 
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an increased potential for introduction and colonization of weeds during these phases of the Project as 
well as during decommissioning and reclamation, until native vegetation has established. Other portions 
of the Project Area will be maintained with forb, graminoid and low shrub vegetation cover (e.g., multi-use 
corridors). These portions of the Project Area will have less disturbed soil for non-native and invasive 
species to exploit, but will also have more vectors, such as vehicles, to disperse non-native and invasive 
propagules. At locations where multi-use corridors intersect watercourses, the potential for introduction 
and colonization of non-native and invasive species increases as propagules can also be spread along 
the watercourse. 

For the Project components where topsoil handling and grading will be required during construction, 
maintenance or decommissioning, soil structure will be altered and there may be a loss of viable 
propagules (i.e., seed bank) within the topsoil stockpiles. Affects of the Project on soil structure (as a 
component of soil quality) are discussed within the Soils Assessment (Volume 4, Section 4.0) and will not 
be further assessed in the Vegetation Assessment. If soil is stockpiled for greater than 12 months prior to 
being replaced over the area disturbed, direct loss of viable propagules within topsoil will occur (Alberta 
Environment [AENV] 2010). Due to the schedule of the proposed Project, viable propagules will be lost 
within topsoil stockpiles. However, this affect will not substantially contribute to the loss or alteration of 
native vegetation beyond the effects detailed in relation to the clearing of native vegetation. Therefore, the 
impact of this effect will not be considered separately from the direct loss or alteration of native 
vegetation. 

The effects of the Project on topography (terrain diversity) are discussed within the Soils Assessment 
(Volume 4, Section 4.0). Although pre-disturbance terrain types will be modified, the magnitude of the 
effect on terrain diversity will be low and, therefore, the residual effect on terrain diversity will be not 
significant (Volume 4, Section 4.0). Effects to vegetation as a result of changes to topography will not be 
considered further in the Vegetation Assessment. 

Increased distance of light penetration due to clearing will result in an indirect alteration of native 
vegetation. However, this effect will not substantially contribute to the loss or alteration of native 
vegetation beyond the effects detailed in relation to the clearing of native vegetation. Additionally, during 
the course of decommissioning and reclamation, as revegetation progresses, light penetration will 
generally decrease over time. Therefore, the impact of this effect will not be considered separate from the 
direct loss or alteration of native vegetation. 

Indirect loss or alteration of native vegetation adjacent to the Project Area may occur due soil erosion. 
Most of the Project Area will remain unvegetated during operations, which will result in increased potential 
for erosion of soil from the Project Area via wind and water. Nearly all of the Project area is at a low risk 
for wind erosion and most of the Project Area is at a low risk for water erosion (Volume 4, Section 4.0). 
During decommissioning and reclamation, soil that was stockpiled in vegetated berms will be replaced on 
the Project Area. Due to the steeper slopes associated with stockpiles, water erosion risk in this area is 
considered moderate to high (Volume 4, Section 4.0). Since the greatest risk for erosion exists at the 
stockpile locations and since the stockpiles will be seeded during operation, re-distributed at reclamation 
and revegetated at closure, indirect loss or alteration of native vegetation as a result of erosion at closure 
will not measurably contribute to the overall affect of the Project on the loss or alteration of native 
vegetation. Therefore, this potential effect will not be further assessed in the Vegetation Assessment. 

Wetlands and other vegetation communities within and adjacent to the Project Area could be directly and 
indirectly affected by changes to local hydrology due to the Project. However, the effect of the Project on 
water levels and corresponding surface areas were found to be small as discussed in the Hydrology 
Assessment (Volume 3, Section 2.0). In addition, there will be no significant changes in the surface 
drainage patterns due to the Project (Volume 3, Section 2.0).Therefore, this affect will not substantially 
contribute to the loss or alteration of native vegetation beyond the effects detailed in relation to the 
clearing of native vegetation. Therefore, the impact of this effect will not be considered separate from the 
direct loss or alteration of native vegetation. 

During all phases of the Project, vehicle traffic will increase dust deposition onto native vegetation 
adjacent to the Project Area. During decommissioning, reclamation and closure, dust due to Project traffic 
could also result in alteration of native vegetation that is revegetating the Project Area. 
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All construction activities and construction traffic will utilize the approved, surveyed access roads, facility 
boundaries and approved temporary workspaces. Therefore, it is not anticipated that construction will 
result in any loss or alteration of native vegetation adjacent to the Project area during this phase. During 
decommissioning and reclamation, some loss or alteration of native vegetation may occur in localized 
areas due to increased foot and vehicle traffic (e.g., while removing pipeline and transmission line 
footings) along multi-use corridors where revegetation has occurred since construction. This foot and 
vehicle access (i.e., trampling) may result in some direct loss or alteration of native vegetation within the 
Project Area, which is accounted for in the maximum disturbance scenario used in this assessment. 
However, trampling will not measurably contribute to the overall affect of the Project on the loss or 
alteration of native vegetation and, therefore, will not be further assessed in the Vegetation Assessment. 

Application of herbicides to native vegetation during operations, decommissioning and reclamation could 
cause a reduction in the area of native vegetation or an alteration in the composition of the vegetation 
community, depending on the area, quantity and specificity of herbicide applied. However, the use of best 
practices in weed control and vegetation management reduces the potential for herbicide drift or effects to 
unintended areas or species. Vegetation management conducted by mechanical means (i.e., cutting or 
mowing) will be favored; if vegetation management by chemical means is the only feasible method it 
should be conducted with equipment that ensures the specificity of the application. In addition, general 
application of herbicides will be avoided in the vicinity of rare ecological communities and rare plant 
populations (Appendix 1B). Therefore, it is not anticipated that this affect will substantially contribute to 
the loss or alteration of native vegetation and, as a result, the impact of this effect will not be considered 
separate from the direct loss or alteration of native vegetation. 

During the construction, operation and decommissioning phases of the Project, there will be a decrease 
in woody species richness and abundance due to site clearing within the Project Area, but due to edge 
effects there may be increases in woody species richness and abundance in areas adjacent to the Project 
Area. Some portions of the Project Area will be allowed to revegetate during operation, such as the multi-
use corridors. Forb and graminoid species richness and abundance will increase over the operation 
phase of the Project as natural vegetation regenerates on these multi-use corridors, but will remain low 
on portions of the Project Area that will be maintained free of vegetation (e.g., well pads). During the 
decommissioning, reclamation and closure phases, the Project Area will be returned to an equivalent land 
capability compared to the Baseline Case. Site-specific revegetation plans will be implemented to return a 
variety of Ecosite Phases on the Project Area that will support a variety of vegetation species, resulting in 
overall species richness on the reclaimed Project Area that is comparable to adjacent vegetation 
communities of similar Ecosite Phase. Site-specific revegetation plans will also include planting 
prescriptions that will result in abundance of characteristic woody species for the target Ecosite Phase 
within the Project Area being comparable to adjacent vegetation communities of similar Ecosite Phase. 
Planting prescriptions are described in more detail in the C&R Plan (Volume 1, Section 11.0). Loss or 
alteration of native vegetation due to competition for light, soil nutrients and moisture may occur while the 
Project Area is revegetating. However, the establishment of early successional communities during 
reclamation and closure phases will resemble revegetation following natural disturbance since the 
species composition will favor early successional/colonial species, which are adapted for greater 
competition pressure for light, nutrients and moisture (excepting the competition resulting from weedy 
non-native species as discussed above). As a result, changes in competition for light, nutrients and 
moisture will not measurably contribute to the overall affect of the Project on alteration of native 
vegetation at the closure phase and, therefore, will not be further assessed in the Vegetation 
Assessment. 

1.3.5 Indicator Selection 

Vegetation indicators were selected at both a community level and a species level.  

Indicators of loss or alteration of native vegetation selected at a community level include:  

• vegetation communities (classified using the ecological land classification [ELC] system at the LSA 
scale and Land Cover Classifications [LCC] at the RSA scale); 

• wetlands (classified using The Alberta Wetland Inventory [AWI] classification system at the LSA scale 
and LCC at the RSA scale); 
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• old growth forests (classified using ELC at the LSA scale);  

• riparian areas (classified using ELC at the LSA scale and LCC at the RSA scale);  

• vegetation communities of limited distribution (classified using ELC and AWI at the LSA scale and 
LCC at the RSA scale); and 

• habitat fragmentation (of native vegetation communities, wetlands and native vegetation communities 
in riparian areas). 

Indicators of loss or alteration of native vegetation selected at a species level include non-native and 
invasive plants and traditionally used plants identified during the Traditional Ecological Knowledge (TEK) 
component of the vegetation study. 

Indicators of loss or alteration of rare ecological communities and rare plant populations selected are rare 
ecological communities (classified using Allen 2011) at a community level and rare plant populations at a 
species level. 

1.3.5.1 Vegetation Communities 

The LSA occurs primarily in the Central Mixedwood Natural Subregion. Approximately 10% of the LSA 
occurs in the Lower Boreal Highlands Natural Subregion as illustrated in Figure 1.3-2. The RSA spans 
these two Natural Subregions (Natural Regions Committee [NRC] 2006) (Figure 1.3-2).  

Vegetation communities at the LSA scale were mapped using Alberta Vegetation Inventory (AVI) data (Al-
Pac 2010), and classified based on a variety of established classification systems. The ELC system 
outlined in the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) was used to 
classify upland forested areas, peatlands and marshes. The AWI system (Halsey et al. 2004) was used to 
classify wetlands. Some classifications for disturbed and non-forested land were also assigned that do 
not fall within these classifications systems. LCC at the RSA scale were assigned based on Alberta 
Ground Cover Characterization (AGCC) strata (Sánchez-Azofeifa et al. 2004) and derived from Landsat5 
TM Level 1T reflectance data (United States Geological Survey [USGS] 2011). 

In addition to mapping vegetation communities using established classification systems, vegetation 
communities with specific characteristics of interest for the Vegetation Assessment were also mapped. 
Vegetation communities with the potential to be old growth forests, riparian areas or communities of 
limited distribution were also mapped. 

Native vegetation is important because of its relationship with other ecosystem components. Preservation 
of native vegetation is important for protecting of gene pools for future use, protecting wildlife species and 
their habitats, preservation of climax ecosystems and native biodiversity, conservation of representative 
samples of different habitats characteristic of the region, prevention of erosion, and preserving water 
quality and quantity. 
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1.3.5.2 Wetlands 

Wetlands are "…areas where soils are water-saturated for a sufficient length of time such that excess 
water and resulting low soil oxygen levels are principal determinants of vegetation and soil development. 
Wetlands will have a relative abundance of hydrophytes in the vegetation community and/or soils 
featuring 'hydric' characters…" (Mackenzie and Moran 2004). 

This wetland definition encompasses a wide range of ecosystems, from semi-terrestrial fens, bogs, and 
swamps to semi-aquatic marshes and shallow open water. Wetlands include a broad range of ecosystem 
types, from those permanently flooded by shallow water and dominated by aquatic organisms to forested 
sites with merely moist soils. Peat forming wetlands, referred to as “peatlands”, typically include bogs and 
fens (Smith et al. 2007).  

Wetlands (including peatlands) absorb runoff from rain and snow melt, and slow flow velocities, which 
reduces erosion and flooding. During times of drought wetlands recharge the water table. They act as a 
filter by improving water quality and recycling nutrients and reducing sediment loading. Wetlands are 
important for storage of water and carbon, and reduction of sediment loading (Pembina Institute 2001). 
Wetlands can provide potential habitat for waterfowl and shorebirds, and other wildlife such as woodland 
caribou, bears, moose, wolves, beavers and a variety of landbird species (Ducks Unlimited Canada 
2012). Wetlands contribute to landscape-level diversity. 

Wetlands are complex ecological systems and, consequently, evaluation of wetlands for the purposes of 
environmental impact assessments tend to focus on wetland health and function. The Federal Policy on 
Wetland Conservation (FPWC) commits all federal departments to the goal of ‘no net loss’ of wetland 
function on federal lands and waters (Environment Canada 1991, Lynch-Stewart 1992, 
Lynch-Stewart et al. 1996). 

The objective of the FPWC is to promote conservation of Canada's wetlands to sustain their ecological 
and socio-economic functions. To support this objective, several goals have been established by the 
FPWC, including: 

• ‘no net loss’ of wetland function on federal lands or projects; 

• enhancement and rehabilitation of wetlands in areas where the continuing loss or degradation of 
wetlands or their functions have reached critical level; and 

• recognition of wetland functions in resource planning, management and economic decision-making 
with regard to all federal programs, policies and activity. 

BlackPearl is also committed to these goals within their Project Area. 

1.3.5.3 Old Growth Forests  

Old growth forests are widely recognized as being biologically diverse ecosystems (Franklin and 
Spies 1991). Old growth forest structural characteristics result in microclimatic conditions utilized by 
specialized organisms (e.g., select birds, mammals, amphibians and lichens) (Spies 1998, Bunnell et al. 
1999) and provide habitat for fish, wildlife and plants (Geowest Environmental Consultants Ltd. [Geowest] 
1996, Spies 1998, Bunnell et al. 1999).  

Old growth forests provide valuable ecosystem functions including air and water purification, carbon 
storage, nutrient regeneration, soil maintenance, pest control (e.g., via insectivorous bats and insects), 
genetic biodiversity and micro/macro climatic control (Zahner 1996 as cited in Hilbert and Wiensczyk 
2007). Old growth forests are also valued for their aesthetic, spiritual and recreational appeal 
(Hunter 1989, Spies 2004). 

Structural characteristics associated with old growth forests may provide habitat, or result in uncommon 
ecological conditions that may provide habitat for adapted organisms including rare plants and rare 
ecological communities (Geowest 1996, Spies 1998). Forest fires are common in the boreal forest and 
interrupt the successional sequences that produce old growth forests (Johnson et al. 1995). Due to the 
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historical prevalence of forest fires in the boreal forest, old growth forests are infrequently encountered 
and may be limited in extent or distribution. Old growth forests contribute to landscape-level diversity.  

1.3.5.4 Riparian Areas 

Riparian areas are “…interfaces between terrestrial and aquatic ecosystems. As ecotones, they 
encompass sharp gradients of environmental factors, ecological processes, and plant communities. 
Riparian zones are not easily delineated but are comprised of mosaics of landforms, communities, and 
environments within the larger landscapes...” (Gregory et al. 1991). 

In addition to contributing to landscape-level diversity, riparian areas contribute to species-level diversity 
since they support a relatively high diversity of nonvascular and vascular plants due to a wide variety of 
growing conditions within a limited area and the complex interaction of disturbance and succession (Lee 
and Smyth 2003).  

1.3.5.5 Communities of Limited Distribution 

Communities of limited distribution are native ELC or AWI classes (see Appendix 1A for details and 
definitions of ELC and AWI classes) that cover less than 1% of the total LSA. At the RSA scale, native 
LCCs (see Appendix 1A for details of LCCs) that cover 1% or less of the RSA are considered 
communities of limited distribution. These communities contribute to landscape level diversity and have 
the potential to support plant species that do not occur elsewhere within the LSA and RSA.  

1.3.5.6 Habitat Fragmentation 

The distribution of vegetation resources in the boreal landscape may be attributed to the extent and 
interaction of numerous abiotic factors (e.g., soils, landforms and climate) that combine to affect the 
establishment and composition of habitat. Given that patterns of vegetation vary within and among habitat 
types, the boreal landscape is a mosaic of variably distributed patches of different ecosystems or habitat 
types. This variation has resulted in a discontinuous distribution of each habitat type, which forms the 
foundation for the concept of habitat fragmentation. Since habitats are characterized by populations of 
species, and fragmentation of habitats corresponds to isolation of patches, populations of species 
occupying discrete patches may be isolated according to the degree of fragmentation in the landscape. 

While fragmentation of habitats in the boreal forest may be determined according to the above-listed 
abiotic factors, among other naturally occurring sources for disturbance (e.g., fire, forest pests), 
anthropogenic activities that result in the clearing of vegetation may increase fragmentation by causing 
dissection of habitat patches. The effects of fragmentation on vegetation may differ from those specifically 
associated with habitat loss and, therefore, should be regarded independently (Fahrig 2003). Habitat 
fragmentation, particularly due to anthropogenic disturbance, may result in effects on vascular plant 
genetic diversity, competition with invasive species, as well as the alteration of community and 
metapopulation dynamics. Collectively, these effects may interact to affect the viability of populations of 
forest species (Honnay et al. 2005). 

Since fragmentation is associated with variation of spatial distribution, it may be quantified according to 
measurable parameters that describe the spatial arrangement of patches in a landscape. Landscapes 
described as being extensively fragmented have been characterized as having small patch sizes relative 
to unfragmented landscapes. Fragmentation effects have also been attributed to a patch’s context relative 
to anthropogenic disturbance. Given these associations between measurable parameters and potential 
effects on vegetation, the extent of fragmentation was quantified according to patch area and percentage 
of patch edge shared with anthropogenic disturbance. 

1.3.5.7 Non-native and Invasive Plants 

Weed control is of concern to stakeholders and local government agencies. According to the Weed 
Control Act, Prohibited Noxious weeds are those that must be destroyed and Noxious weeds are those 
that must be controlled. Nuisance weeds are no longer listed in Alberta or regulated by the Weed Control 
Act. There are many additional, non-listed species that are introduced to Alberta (i.e., non-native), 
including seeded agronomic species and horticulturally-used species, that can be invasive in certain land 
uses. The status of species as native or not is according to the list of all elements in Alberta (ACIMS 
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2011b). The introduction and spread of non-native and invasive species can negatively affect natural 
species diversity. The locations and densities of observed non-native and invasive species represent 
baseline conditions and help to predict potential limitations to reclamation success. 

1.3.5.8 Traditionally Used Plants 

The collection and assessment of biophysical and socio-economic data are typically designed to align 
with Western value systems. Since Aboriginal people have often maintained close ties to the land, it is 
important to capture TEK that has been collected over generations and been passed down from the 
Elders. A variety of medicinal, utilitarian and berry species are harvested for subsistence and cultural 
activities. Certain plant derivatives are harvested to supplement the income of Aboriginal individuals. 
Traditionally used plant species span a variety of plant families with a variety of environmental 
requirements for growth and establishment on the landscape. 

Traditionally used species are native plant species. Direct loss of traditionally used species will occur 
within the Project Area during construction, operation, decommissioning and reclamation. However, 
during the course of decommissioning, reclamation and closure, disturbed areas will be revegetated and 
traditionally used species will recolonize the reclaimed Project Area along with other native vegetation 
species. A selection of traditionally used species have been included in the planting prescriptions 
contained within the C&R Plan for the Project (Volume 1, Section 11.0), to be utilized for the revegetation 
of disturbed sites. The traditionally used species included in the planting prescriptions are characteristic of 
the Ecosite Phases encountered by the Project. The impact of this effect will not be considered separate 
from the direct loss or alteration of native vegetation.  

1.3.5.9 Rare Ecological Communities 

ACIMS has compiled a “Preliminary Tracking List” with an appended “Watch List” of Ecological 
Communities. Natural plant communities are defined as recurring assemblages of plant species that 
occur together because they respond similarly to a variety of site attributes (Grossman et al. 1998). 
Natural ecological community elements that have been described as ‘unusual’, ‘uncommon’, ‘of ‘limited 
extent’, ‘encountered infrequently’, ‘in decline’ or ‘threatened’ by vegetation experts were considered by 
ACIMS for inclusion on the Ecological Community Tracking List. Natural ecological community elements 
that appear to have a restricted distribution in Alberta were considered by ACIMS for inclusion on the 
Ecological Community Watch List. Ecological Communities included on the Tracking List and Watch List 
compiled by ACIMS and ranked as being globally rare, provincially rare or on the provincial watch list 
were considered Rare Ecological Communities. Rare Ecological Communities contribute to landscape 
level diversity.  

1.3.5.10 Rare Plants 

Rare plants are “…considered to be any native vascular or nonvascular (mosses, hornworts, liverworts) 
plant that, because of its biological characteristics or for some other reason, exists in low numbers or in 
very restricted areas in Alberta. Although not technically classified as plants, the definition of rarity also 
applies to lichens and fungi...” (Alberta Native Plant Council [ANPC] 2000). 

The federal Species at Risk Act (SARA), the Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC), the Alberta Wildlife Act, The General Status of Alberta Wild Species (ASRD 2011a) and 
ACIMS all provide lists of rare plants with the potential to occur in Alberta. Rare plant species are species 
that are listed in: 

• Schedule 1 of SARA as Extirpated, Endangered, Threatened or of Special Concern; 

• Canadian Wildlife Species at Risk compiled by COSEWIC as extirpated, endangered, threatened or 
of special concern; 

• the Alberta Wildlife Regulation as endangered or threatened;  

• The General Status of Alberta Wild Species compiled by ASRD (2011a) as At Risk, May Be At Risk 
or Sensitive; and 
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• the List of All Tracked and Watched Elements in Alberta compiled by ACIMS (2011b) as being 
globally rare, provincially rare or on the provincial watch list. 

Rare plant species contribute to species-level diversity.  

1.3.6 Measurable Parameters for Select Indicators 

Measurable parameters were selected for indicators where possible so that Application Case and PDC 
effects could be assessed quantitatively. The measurable parameters selected for each indicator and the 
associated metrics are presented in Table 1.3-2. Where it was not possible to select a measurable 
parameter for an indicator, effects to the indicator were qualitatively discussed in the assessment. 

TABLE 1.3-2 
 

VEGETATION INDICATORS, MEASURABLE PARAMETERS AND ASSOCIATED METRICS 

Indicator Measurable Parameter Metric 
Issue - Loss or Alteration of Native Vegetation 
Vegetation 
Communities 

Loss of native vegetation within the LSA  • Total area for each native ELC within the LSA  
Loss of native vegetation within the RSA • Total area for each native LCC within the RSA 

Wetlands Loss of AWI within the LSA  • Total area of each AWI classification within the LSA 
Loss of wetland LCC within the RSA • Total area of each wetland LCC within the RSA 

Old Growth Forests Loss of old growth ELC within the LSA • Total area of each old growth ELC within the LSA 
• Number of old growth ELCs within the LSA 

Riparian Areas Loss of native riparian ELC within the LSA  • Total area of each native riparian ELC within the LSA 
Loss of native riparian LCC within the RSA  • Total area of each native riparian LCC within the RSA 

Communities of 
Limited Distribution 

Loss of communities of limited distribution within 
the LSA 

• Total area of each ELC of limited distribution within the LSA  
• Number of ELC of limited distribution within the LSA 

Loss of wetland communities of limited 
distribution within the LSA 

• Total area of each AWI classification of limited distribution within the LSA 
• Number of AWI classification of limited distribution within the LSA 

Loss of communities of limited distribution within 
the RSA 

• Total area of each LCC of limited distribution within the RSA 
• Number of LCC of limited distribution within the RSA 

Loss of wetland communities of limited 
distribution within the RSA 

• Total area of each wetland LCC of limited distribution within the RSA 
• Number of each wetland LCC of limited distribution within the RSA 

Habitat 
Fragmentation 

Fragmentation of native ELCs within the LSA • Mean Patch Size for native ELCs within the LSA 
• Mean Percentage of Anthropogenic Patch Edge for native ELCs within the LSA 

Fragmentation of AWIs within the LSA • Mean Patch Size for AWIs within the LSA 
• Mean Percentage of Anthropogenic Patch Edge for AWIs within the LSA 

Fragmentation of native riparian ELCs within the 
LSA 

• Mean Patch Size of native riparian ELCs within the LSA 
• Mean Percentage of Anthropogenic Patch Edge of native riparian ELCs within 

the LSA 
Fragmentation of native LCCs within the RSA • Mean Patch Size for native LCCs within the RSA 

• Mean Percentage of Anthropogenic Patch Edge for native LCCs within the RSA 
Fragmentation of wetland LCCs within the RSA • Mean Patch Size for wetland LCCs within the RSA 

• Mean Percentage of Anthropogenic Patch Edge for wetland LCCs within the 
RSA 

Fragmentation of native riparian LCCs within the 
RSA 

• Mean Patch Size of native riparian LCCs within the RSA 
• Mean Percentage of Anthropogenic Patch Edge of native riparian LCCs within 

the RSA 
Issue – Loss or Alteration of Rare Ecological Communities and Rare Plant Populations 
Rare Ecological 
Communities 

Loss of native ELCs within the LSA with moderate 
to high potential to support rare ecological 
communities 

• Total area of ELCs with moderate to high potential to support rare ecological 
communities within the LSA 

• Number of ELCs with moderate to high potential to support rare ecological 
communities within the LSA 

Loss of observed rare ecological communities 
within and near the LSA 

• Total area of observed rare ecological communities within and near the LSA 
• Number of observed rare ecological communities within and near the LSA 

Rare Plants Loss of native ELCs within the LSA with moderate 
to high potential to support rare plants 

• Total area of ELCs with moderate to high potential to support rare plants within 
the LSA 

• Number of ELC with moderate to high potential to support rare plants within the 
LSA 

Loss of observed rare plant species within and 
near the LSA 

• Number of observed rare plant species within and near the LSA 
• Number of observed rare plant locations within and near the LSA 
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Non-measurable parameters for the indicators noted above were discussed and qualitatively assessed 
during the significance assessment for the indicator. Two species level indicators, non-native and 
invasive plants and traditionally used plants, do not have measurable parameters and will be qualitatively 
assessed during the significance assessment. 

1.3.7 Assessment Criteria 

The criteria used to assess residual effects on vegetation (Table 1.3-3) are adapted from the general 
criteria (Volume 2, Section 1.2.3) to reflect the issues and effects assessment methods specific to 
vegetation. Residual effects were assessed quantitatively wherever feasible (e.g., area of wetlands 
cleared). Qualitative assessments and professional judgment were incorporated where appropriate. 

TABLE 1.3-3 
 

RESIDUAL EFFECTS ASSESSMENT CRITERIA 

Assessment Criteria Definition 

IMPACT BALANCE – of the residual effect 
Positive A positive effect balance is considered to have a net benefit to the vegetation indicator.  
Neutral A neutral balance is defined as no net benefit or loss to the vegetation indicator.  
Negative A negative effect balance is considered to be a net loss or detriment to the vegetation indicator. 
SPATIAL BOUNDARY 
Project Area The residual effect is confined to the area directly disturbed by Project activities.  
Vegetation LSA The residual effect extends beyond the area of direct disturbance (Project Area) but is limited to the LSA. The LSA 

includes the Project Area as well as the surrounding area where there is a reasonable potential for Project-specific effects 
to occur. The Vegetation LSA is defined as a 450 m wide buffer around the edge of the Project Area (Figure 1.3-1). 

Vegetation RSA The residual effect extends beyond the LSA but is limited to the RSA. The RSA includes the Project Area, LSA and 
surrounding area where there is potential for cumulative and/or wider-spread Project effects. The Vegetation RSA is 
defined by the Athabasca River to the west, Duncan Creek to the south and southeast, and unnamed creeks to the north 
and east (Figure 1.3-1). 

Province The residual effect extends beyond the RSA, but is confined to Alberta. 
National The residual effect extends beyond the province but is confined to Canada. 
International The residual effect extends beyond Canada. 
TEMPORAL CONTEXT 
Duration -  
the length of time 
over which the 
residual effect 
extends 

Short-term The residual effect is confined to the construction phase. 
Medium-term The residual effect is extends beyond the construction phase, but remains limited to the operation phase of the Project. 
Long-term The residual effect extends beyond the construction and operation phases, into the closure phase and potentially beyond. 

Frequency 1 
How often the 
residual effect is 
predicted to 
occur 

Accidental The residual effect occurs rarely over assessment period. 
Isolated The residual effect is confined to specified phase of the assessment period (e.g., construction phase). 
Occasional The residual effect occurs intermittently and sporadically over assessment period. 
Periodic The residual effect occurs intermittently but repeatedly over the assessment period. 
Continuous The residual effect occurs continually over the assessment period. 

Reversibility 2 – 
ability of the 
indicator to 
recover from the 
residual effect 

Reversible The residual effect is predicted to be reversible. 
Permanent The residual effect is predicted to be irreversible. 

MAGNITUDE3 –the severity or scale of the residual effect 
Negligible Potential residual effects on vegetation are not detectable. 
Low Potential residual effects are detectable, but well within, environmental, social and/or regulatory standards. Vegetation will 

be altered, but there will be no measurable effect on vegetation abundance or distribution at the community or species 
level.  

Medium Potential residual effects are detectable and may approach, but are still within, the environmental, social and/or regulatory 
standards. Vegetation abundance and/or distribution will be altered, but there will be no reduction in vegetation diversity at 
the community or species level.  

High Potential residual effects are beyond environmental, social and/or regulatory standards. Vegetation abundance and/or 
distribution will be altered, and there will be a measurable effect on vegetation diversity.  

PROBABILITY OF OCCURRENCE - likelihood of the residual effect 
High Likely 
Low Unlikely 
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TABLE 1.3-3  Cont'd 

Assessment Criteria Definition 

LEVEL OF CONFIDENCE4 - degree of certainty related to significance evaluation 
Low Determination of significance based on incomplete understanding of cause-effect relationships and incomplete data 

pertinent to the study area. 
Moderate Determination of significance based on good understanding of cause-effect relationships using data from outside the 

Project area or incompletely understood cause-effect relationships using data pertinent to the study area. 
High Determination of significance based on good understanding of cause-effect relationships and data pertinent to the study 

area. 
SIGNIFICANCE – of the residual effect 
Significant A high probability of a residual effect that is of long-term duration, permanent, and of high magnitude, which cannot be 

technically or economically mitigated. 
Not Significant Does not meet the criteria for a significant residual environmental effect. 

Notes: 1 The assessment period for the Application Case includes planning, construction, operation, decommissioning and reclamation phases for the 
Project. The PDC includes these Project phases, as well as equivalent project phases of activities that have previously occurred and those that 
are planned or publicly disclosed. 

 2 Reversibility of the residual effect is not necessarily a return to baseline conditions (e.g., mature forest) for all indicators. For example, residual 
effects on some indicators are considered to be reversed when native vegetation is regenerating such that successional trajectories have been 
established that will return sites to pre-disturbance Ecosite Phases or prescribed reclamation conditions (target end land use). 

 3 There are no environmental standards, thresholds, guidelines or objectives for many of the indicators and construction/operation issues 
evaluated. Therefore, the determination of magnitude of the adverse residual effect often entailed a historical consideration of the assessment 
of magnitude made by regulators, land authorities, lessees, other stakeholders and the assessment team. The assessment team was also 
aware of the increasingly stringent societal norms related to environmental effects. 

 4 Level of confidence was affected by availability of data, precedence, and degree of scientific uncertainty or other factors beyond the control of 
the assessment team. 

 

1.3.7.1 Significance Determination 

All assessment criteria were considered for each residual effect. Where appropriate, the key or most 
influential assessment criteria used to determine the significance of each residual effect are noted (e.g., 
magnitude, reversibility, probability of occurrence of the effect). The significance determinations 
incorporate professional judgment, which allows integration of all of the effects criteria ratings to provide 
relevant significance conclusions that are sensitive to context and facilitate decision-making (Lawrence 
2007).  

1.4 Methods 

The Baseline Case condition of vegetation resources was established for the Vegetation LSA and RSA 
through a combination of: 

• review of literature pertinent to the scope and location of the Project;  

• mapping of vegetation communities using various systems for classification: 

− LSA scale includes ELC, AWI, old growth, riparian areas and communities of limited distribution; 

− RSA scale includes LCC and riparian areas; 

• quantitative habitat fragmentation analysis of upland, wetland and riparian area vegetation 
communities using FRAGSTATS (McGarigal et al. 2002); and 

• vegetation and wetland surveys, including TEK collected in partnership with a participant of Fort 
McMurray First Nation, conducted from July 27 to 31, 2010; from June 24 to July 1, 2011; from 
July 23 to 25, 2011; and from July 26 to August 2, 2011.  

Detailed Baseline Case methods are provided in the Vegetation Baseline Report (Appendix 1A.2). 

The Application Case condition of vegetation resources was predicted for the LSA by assuming a 
maximum disturbance scenario for the Project. This approach results in a conservative evaluation of 
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effects. The assessment period for the Application Case includes construction, operation, 
decommissioning, reclamation and closure phases for the Project. Since mitigation of effects on 
vegetation is primarily associated with reclamation, the assessment of effects at the closure phase was 
completed to evaluate predicted residual effects following implementation of all applicable mitigation (e.g., 
reclamation).  

At closure, it is predicted that the Project Area will be reclaimed to self-sustaining vegetation communities 
that are on a successional trajectory towards end land use and Ecosite Phase targets. Not all portions of 
the Project Area are expected to return to Baseline Case land uses and Ecosite Phases. A portion of 
borrow pits constructed within upland forested site types will be reclaimed to wetland Ecosite Phases. A 
portion of well pads and access roads constructed within peatlands will be reclaimed to upland forested 
Ecosite Phases. Anthropogenic disturbances that existed on the Project Area at Baseline Case will be 
reclaimed within the Project Area, except for roads. Baseline disturbances such as Cutblocks, 
Regenerating Cutblocks and Regenerating Burns are assumed to continue reforesting throughout the life 
of the Project. End land use and Ecosite Phase predictions based upon AVI data (Al-Pac 2010) and soil 
unit data (Volume 4, Appendix 4A) were made for the existing baseline disturbances listed above. It is 
reasonably foreseeable that an additional rotation of logging could occur during the lifetime of the Project, 
but due to the uncertainty of when and where this activity would take place within the LSA it has not been 
included in the predictions of the closure vegetation communities. Due to the lack of available information 
regarding unknown or unpredictable future disturbances (e.g., as-yet unplanned future developments, 
wildfires, forest pest outbreaks, etc.), the results of the closure phase vegetation community predictions 
are to be treated as conceptual. The target Ecosite Phases for the Project Area will be updated at the 
time of reclamation based on the results of site-specific Pre-disturbance Assessments (PDAs), monitoring 
and adjacent Ecosite Phases at the time of reclamation. 

The PDC condition of vegetation resources was predicted for the RSA by assuming a maximum 
disturbance scenario. The assessment for the PDC includes the cumulative effects of existing 
disturbances and activities, the Project and known future developments. The assessment period for the 
PDC includes the construction, operation, decommissioning, reclamation and closure phases for the 
Project (as in the Application Case), as well as equivalent project phases of existing, approved and 
known future developments (publicly disclosed as of February 2012) (refer to inclusion list in Volume 2, 
Section 1.0). Future projects considered in the assessment do not include proposed or hypothetical 
projects where formal plans have not been disclosed. Since the PDC includes projects that have not yet 
received approval, the scope and size of future developments are expected to change. The PDC 
assessment is considered conservative since the identified future developments may or may not proceed. 
A PDC assessment is only completed for an indicator when the Application Case assessment indicates 
the residual effect is likely to occur.  

Known future cutblocks were assumed to be harvested during the same year as Project operation is 
planned to commence (2015). This approach results in a conservative evaluation of effects by assuming 
a maximum disturbance scenario. The predictions for closure vegetation communities at Application Case 
were carried forward into the PDC closure phase and classified using LCC. LCCs were predicted for 
areas burnt by recent (within the last 30 years) fire and existing cutblocks since they are assumed to 
continue reforesting throughout the life of the Project. Non-forested areas due to recent fire were 
predicted to reforest to the dominant LCC directly adjacent. Non-forested areas due to forestry (cutblocks) 
were predicted to be reforested to either black spruce, white spruce, mixedwood or aspen based upon the 
practices of the Forest Management Agreement (FMA) license holder to plant black spruce in wetlands 
and white spruce on uplands, and allowing aspen to naturally regenerate. Known future cutblocks are 
predicted to reforest to the LCC mapped for the Baseline Case. It is reasonably foreseeable that an 
additional rotation of logging could occur during the lifetime of the Project, however, due to the uncertainty 
of when and where this activity would take place within the RSA, it has not been included in the 
predictions of the closure vegetation communities. Due to the lack of available information regarding 
unknown or unpredictable future disturbances (e.g., as-yet unplanned future developments, wildfires, 
forest pest outbreaks, etc.), the results of the closure phase vegetation community predictions are to be 
treated as conceptual. 
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1.5 Baseline Case 

Information and conclusions provided in the Vegetation Baseline Report (Appendix 1A) and summarized 
here were collected and synthesized from the review of literature pertinent to the scope and location of 
the Project, as well as the results from the vegetation and wetland surveys. The following summarizes the 
methods and results of the baseline vegetation study. 

• Vegetation field surveys included detailed plots, ground plots and visual check plots where data were 
collected to confirm and refine vegetation community mapping from July 27 to 31, 2010, June 24 to 
July 1, 2011 and July 26 to August 2, 2011. 

• Wetland helicopter overflight and ground-based survey was conducted as a high level 
reconnaissance with the goal of understanding wetland distribution and generalized classifications 
and to obtain representative information on wetland types in the LSA. Three days of helicopter 
overflight and associated ground-based wetland surveys were conducted from July 23 to 25, 2011 to 
confirm and refine AWI mapping. 

• Vegetation communities within the LSA were delineated and described according to the ELC system 
in the “Field Guide to Ecosites of Northern Alberta” (Beckingham and Archibald 1996) and wetland 
vegetation communities were delineated and described based on the AWI classification system 
(Halsey et al. 2004). Classifications were derived from AVI (Al-Pac 2010) with modification for known 
natural (ASRD 2011b) and anthropogenic disturbance (Millar Western 2011, TERA 2012). A LCC 
map of the RSA was created using image classification with modification for known natural (ASRD 
2011b) and anthropogenic disturbance (Millar Western 2011, TERA 2012). 

− Vegetation communities delineated in the LSA include: 13 forested upland ELCs; 9 wetland 
ELCs; 2 naturally non-forested ELCs; and 3 anthropogenic disturbance ELCs. Vegetation 
communities delineated in the RSA include: 5 forested upland LCCs; 5 wetland and water LCCs; 
2 natural disturbance LCCs; 3 anthropogenic disturbance LCCs; and 2 unclassifiable LCCs. 

− Wetland vegetation communities delineated in the LSA include: BONS; BTNN; FONG; FONS; 
FTNN; SONS; STNN; MONG; and WONN. Overall, approximately 2,315 ha of wetland habitat 
were delineated within the LSA, comprising 38% of the LSA. Wetland vegetation communities 
delineated in the RSA include: Graminoid wetlands, Shrubby wetlands, Black spruce bog, 
Wooded fen and Water (i.e., lake, pond, river and stream). Overall, approximately13,047 ha of 
wetland habitat were classified within the RSA, comprising 18% of the RSA. 

− Old growth forest was classified within the LSA from ‘date of origin’ data (Al-Pac 2010) and 
‘minimum ages’ adapted from Schneider (2002) and Timoney (2001). ELCs classified as old 
growth forest cover 17% of the LSA. 

− Riparian areas were determined by applying a 50 m wide buffer to waterbodies. ELCs classified 
as riparian cover 4% of the LSA. Riparian areas were determined by applying a 50 m wide buffer 
to waterbodies. LCCs classified as riparian cover 11% of the RSA. 

− ELCs that covered less than 1% of the LSA were classified as vegetation communities of limited 
distribution. These ELCs are b3, c1, f1, f2, j2, k2, k3, l1 and Meadow and cover 3% of the LSA. 
Wetlands that covered less than 1% of the LSA were classified as wetlands of limited distribution. 
These AWIs are FONG, FONS, MONG and WONN and cover 2% of the LSA. LCCs that covered 
less than 1% of the RSA were classified as LCC of limited distribution. These LCCs are Closed 
black spruce, Closed pine, Burn grassland, Burn upland shrub and Graminoid wetlands, and 
combined, cover 2% of the RSA. 

− ELCs with high to moderate potential to support rare ecological communities and rare vascular 
plants were determined based upon literature review. ELCs with high to moderate potential to 
support rare ecological communities cover 36% of the LSA. ELCs with high to moderate potential 
to support rare vascular plants cover 44% of the LSA. 



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-21 
 
 

• The current extent of habitat fragmentation was described using both Patch Area Distribution metrics 
and Edge Contrast Index Distribution metrics from FRAGSTATS (McGarigal et al. 2002).  

− At the LSA scale, habitat fragmentation was quantified for vegetation communities using ELC, 
AWI and riparian area vegetation community classification systems.  

• The classifications with the smallest mean patch size are Meadow (ELC), WONN (AWI) 
and f2 (riparian areas).  

• The classifications with the largest mean percentage of patch edge adjacent to 
anthropogenic disturbance are d1 (ELC), WONN (AWI) and l1 (riparian areas). 

− At the RSA scale, habitat fragmentation was quantified for vegetation communities using LCC 
and riparian area vegetation classification systems.  

• The classifications with the smallest mean patch size are Closed black spruce and 
Shrubby wetland (LCC); riparian areas with the smallest mean patch size are Closed 
black spruce, Closed pine, Shrubby wetland and Black spruce bog.  

• The classifications with the largest mean percentage of patch edge adjacent to 
anthropogenic disturbance are Closed aspen, balsam poplar and/or birch (both LCC 
and riparian areas). 

• Rare ecological community and rare plant surveys were conducted within and near the LSA in 
conjunction with the vegetation field surveys. The rare plant survey methods were based on survey 
guidelines developed by the ANPC (2000). During the 2010 and 2011 rare ecological community and 
rare plant surveys, field botanists observed: 

− 1 rare ecological community and 2 uncommon ecological communities; 

− 15 rare vascular plant species; and  

− 47 rare nonvascular plants species.  

• No Prohibited Noxious weeds were observed within the LSA during 2010 and 2011 field surveys. 
Four Noxious weeds (common tansy, common toadflax, creeping [Canada] thistle and sow-thistle 
species), were observed in a few locations within the LSA.  

• TEK was collected in partnership with a participant of Fort McMurray First Nation. The TEK 
participant reported that wetland areas in the RSA could support various wildlife species. During the 
field survey, it was reported by the TEK participant that the plants of traditional economic value for 
food and cultural well-being include a variety of medicinal and berry species, as well as roots and 
bark of specific trees (e.g., birch) and are known to occur within the LSA. Medicines for diabetes, 
cuts, sores, colds, rashes and vitamins were identified during the TEK study. In addition to the 
medicinal species discussed during the TEK study, participants also identified several utilitarian plant 
species with traditional purposes and uses that included moose callers, paper, roofing material, 
bowls, baskets and tea. Various plant species were harvested by TEK participants during the 2011 
field surveys. 

Detailed results are provided in the Vegetation Baseline Report (Appendix 1A, Sections 1A.3 and 1A.4). 

1.6 Application Case 

The effects assessment for the Application Case identifies predicted change with the Project from the 
Baseline Case vegetation conditions at both the maximum disturbance scenario and the closure phase. 
Two issues were identified for the Vegetation Assessment (Section 1.3.4) including loss or alteration of 
native vegetation, and loss or alteration of rare ecological communities or rare plant populations. 
Assessment of residual effects significance was completed for the closure phase for each indicator based 
on both quantitative and qualitative descriptions of effects, and effects criteria ratings. 
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1.6.1 Loss or Alteration of Native Vegetation 

The potential direct and indirect effects to native vegetation were previously discussed in Section 1.3.4, 
and those that are expected to have measurable Project related effects include:  

• direct loss of vegetation;  

• introduction and colonization of weeds and non-native invasive species; and 

• increased dust. 

The indicators used to assess the loss or alteration of native vegetation include:  

• vegetation communities (including traditionally used plants); 

• wetlands; 

• old growth forest; 

• riparian areas; 

• communities of limited distribution; 

• habitat fragmentation; and 

• non-native and invasive plants. 

The mitigation that will be implemented to minimize loss or alteration of native vegetation is discussed 
below. The following subsections detail indicators of loss or alteration of native vegetation caused by the 
effects listed above. These indicators may be described by a combination of quantitative and/or 
qualitative information. The residual effects after mitigation at closure phase are identified and evaluated 
for significance. 

1.6.1.1 Mitigation 

BlackPearl will implement the following mitigation measures to avoid or reduce Project effects on 
vegetation resources: 

Direct Loss of Vegetation 

General 

• The Project Area will be minimized to the extent practical. Existing linear corridors will be used for 
access and installation of new infrastructure, where feasible. Project developments will be integrated 
with other proposed land use activities to reduce the area of disturbance and new clearings. 
BlackPearl will use existing cutlines that are starting to regenerate only when other reasonable 
options do not exist. The use of directional drilling (i.e., multi-well pads) will reduce the number of well 
pads required. 

• Proposed facilities will be located on elevated, relatively level, non-organic, well-drained areas, where 
feasible. Facilities will be located in areas that will reduce requirements for grading and modification 
to drainage, where feasible. 

• Final Project siting will consider reducing disturbance of mature and old-growth forest as much as 
practical. 

• PDAs will be conducted to identify site-specific vegetation issues including rare plant populations, 
rare ecological communities and baseline abundance and distribution of weedy species. 

• Construction will be scheduled to occur during frozen ground conditions. 
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• All construction activities and construction traffic will utilize the approved, surveyed access roads, 
facility boundaries and approved temporary workspace. 

• Grubbing will be minimized in order to limit the area of disturbance and potential damage to adjacent 
trees. Small trees and shrubs will be mowed or cut to ground level rather than grubbing or wholly 
removing, if feasible, to facilitate regeneration following construction.  

• Pipeline ditches will be closed for buried water pipelines as soon as practical to maintain propagule 
viability. 

• Natural woody vegetation will be allowed to grow back along the edge of cleared multi-use corridors 
during the operation phase to the extent practical.  

• Vegetation maintenance will be conducted by mechanical means (i.e., cutting or mowing) rather than 
chemical means. 

• Reclamation of disturbed sites will be initiated as soon as the work areas are no longer required and 
will be carried out progressively over the lifespan of the Project. Progressive reclamation will be 
conducted throughout the Project phases, including actively revegetating multi-use corridors as early 
in the Project as feasible. 

• A selection of traditionally used species (Appendix 1A) will be utilized for the revegetation of disturbed 
sites, as indicated in the planting prescriptions contained within the C&R for the Project (Volume 1, 
Section 11.0). 

• Monitoring of disturbed sites will be initiated progressively depending on the Project phase at which 
reclamation begins for each component. Monitoring will address the effectiveness of progressive 
revegetation efforts, weed control efforts, and rare plant and rare ecological community mitigation. 
Remedial work will be recommended, if warranted, to address any issues identified during the 
Vegetation Monitoring Program (VMP). 

Wetlands 

• PDAs will be conducted prior to construction to confirm the location of Project disturbances with 
respect to wetlands. Where possible, facilities should be sited in non-wetland locations, particularly 
deep peatland or open water wetlands. 

• Clearing and site preparation activities will be scheduled to avoid periods of high water (i.e., spring 
and wet weather). 

• Best practices for spill prevention and spill contingency planning will be followed in order to avoid 
potential contamination of wetlands. 

• Grading will be minimized as much as practical. If necessary and to the extent practical, grading will 
be conducted away from any open water to reduce the risk of sedimentation. Wetland soils will be 
stored separate from upland soils. 

• In cases where facility placement may affect surface water flows, water flows will be directed around 
the facility to maintain drainage patterns in a manner that minimizes changes to existing hydrology 
and protects surface water quality. 

• The construction site will be contoured to promote drainage away from any newly constructed surface 
facilities. All surface drainage will be controlled onsite. 

• Drainages will be staked during the fall or prior to heavy snowfall, if feasible, to assist in locating gaps 
in the trench crown (for buried pipelines) and topsoil windrow, as well as locating and aligning culverts 
(for access roads). This will reduce the alteration of drainage and avoid flooding or erosion problems 
during spring break-up. 
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• Culvert ends will be flagged. Culverts will be checked periodically for blockages to flow and monitored 
for erosion at the culvert ends after installation. 

• Wetlands will be allowed to naturally regenerate following construction. Wetlands will not be seeded. 

• Vegetative cover will be established in disturbed nongravelled areas to prevent erosion, runoff and 
sedimentation from the Project Area into adjacent wetland areas, as soon as feasible following 
construction. Soil stockpiles and disturbed areas that will not be gravelled will be seeded with an 
appropriate seed mix or otherwise stabilized. Cover crop will be added where erosion is a concern. 

• The site will be monitored post-construction, during operation to document and, if warranted, 
implement mitigation to ensure that existing drainage patterns are maintained (altered hydrology is 
visible as excessive surface water ponding or stressed vegetation). 

• Water quality and vegetation adjacent to the Project Area within wetlands will be monitored post-
construction during operation. Remedial measures will be implemented, where warranted. 

• During reclamation, site-specific revegetation plans will be prepared that will result in species 
composition and abundance similar to benchmark wetlands. Benchmark wetlands that are not directly 
affected by the Project will be selected to compare monitoring results to for each class of wetland 
present within the LSA. Landscape level impacts, such as seasonal variation or climate change, can 
be differentiated from potential Project impacts with this method. 

Introduction and Colonization of Weeds and Non-native Invasive Species 

• Recommendations made in the PDAs to limit the risk of transporting weed seeds from weed-infested 
areas will be followed. Areas identified as having Prohibited Noxious or Noxious weed infestations will 
be flagged prior to construction activities. 

• Construction equipment will be cleaned prior to its arrival on site to minimize the risk of weed 
introduction. Any equipment that arrives in a dirty condition shall not be allowed on the Project Area 
until it has been cleaned off at a suitable location. Stickers will be applied to equipment that has been 
verified as being cleaned of soil potentially holding weed seeds. A log will be kept of all equipment 
that has been cleaned. This log will be provided to the Environmental Inspector for record keeping. 

• Seed mixes used to revegetate disturbed areas will be free of Prohibited Noxious and Noxious weed 
seed. The best available seed will be used and the analysis certificate(s) will be retained. 

• Disturbed areas will be monitored during all phases of the Project for areas of prolific weed growth. 
Measures to control weeds at identified locations will be conducted. Any weeds listed as Prohibited 
Noxious or Noxious under the Weed Control Act or by the municipality will be controlled in a timely 
manner to prevent the spread of the weed. 

Increased Dust 

• Low speed limits will be posted on Project roads and the main access road, and will reduce dust 
deposition.  

• The use of refined oil for dust control on roads during maintenance activities will be prohibited. 
Solutions consisting of organic/non-toxic ingredients or water will be used to control dust on 
roadways. Dust control activities will be conducted in accordance with applicable provincial and 
municipal regulations and guidelines. 

Following the implementation of the above mitigation measures the impact of dust is not anticipated to 
measurably contribute to the alteration of native vegetation and, therefore, will have no residual effect. As 
a result this effect will not be assessed for significance.  

BlackPearl has initiated development of an Integrated Land Management Plan (ILMP) with the primary 
timber harvest company (Millar Western) and FMA holder (Al-Pac) in the RSA. This ILMP will form the 
basis for cooperative reforestation and reclamation efforts and management of direct and indirect effects 
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of loss or alteration of native vegetation in LSA and RSA. A VMP will be implemented to evaluate success 
of reclamation activities and to implement the application of further remedial work, if necessary, to 
achieve reclamation targets. The VMP is further described in Section 1.8 of this report. 

1.6.1.2 Residual Effects of Loss or Alteration of Native Vegetation Communities 

Loss or alteration of native vegetation as a direct result of the Project has been quantitatively assessed 
within the LSA for vegetation communities classified using ELC. ELCs have been grouped into forested 
upland, wetland, non-forested/natural disturbance and anthropogenic disturbance categories for ease of 
comparison. Table 1.6-1 details the ELCs by group, and details the area and relative abundance of each 
ELC within the LSA from Baseline to Application Case. Figure 1.6-1 shows the predicted distribution of 
ELCs within the LSA at closure phase.  

The extent of impacts to native vegetation communities will be limited by the implementation of mitigative 
measures outlined in Section 1.6.1. For example, the Project has been sited to utilize approximately 
295 ha of existing anthropogenic disturbance. At the LSA scale, native vegetation communities will be 
directly affected by the Project. At the operation phase, approximately 671 ha of native vegetation will be 
cleared, assuming the maximum disturbance scenario. The maximum disturbance scenario assumes that 
the entire Project Area will be cleared at the operation phase, which provides a conservative estimate of 
disturbance. At closure phase, greater than 671 ha (since existing baseline disturbance within the Project 
Area will also be reclaimed at closure) of native vegetation will be reclaimed to an equivalent land 
capability that is consistent with adjacent vegetation communities. Closure phase target end land use and 
Ecosite Phase will be achieved through a combination of progressive reclamation, regular monitoring and 
adaptive management. Baseline disturbances on the Project Area (e.g., seismic lines) will be reclaimed, 
along with the BlackPearl Pilot Project, OSE wells and associated facilities. Existing roads will not be 
reclaimed.  

As shown in Table 1.6-1 the effects of the Project will not eliminate any Ecosite Phase (i.e., does not 
decrease the diversity of native ELC) and, therefore, species richness is not expected to be impacted 
since the vegetation communities available as habitat for species at Baseline Case are expected to be 
available at closure phase. Planting prescriptions in the C&R Plan (Volume 1, Section 11.0) include 
characteristic species (based on abundance recorded during baseline surveys) for each Ecosite Phase. 
These characteristic species will be planted during reclamation at a stem density that will result in 
abundance of characteristic species within reclaimed Ecosite Phases comparable to equivalent 
undisturbed Ecosite Phases at closure. Therefore, the residual impact of the loss or alteration of native 
vegetation is not anticipated to substantially impact species abundance. 

At the maximum disturbance scenario during operation there will be a loss of native vegetation resulting 
from the un-vegetated surfaces required for access roads and facilities. There is not anticipated to be any 
loss of native vegetation at the closure phase and, as a result of reclamation of existing disturbances, it is 
predicted that there will be greater cover of native vegetation at the closure phase than at the Baseline 
Case (Table 1.6-1). Although the loss of vegetation will be reversed at closure, there will be alteration of 
the composition of the native vegetation and, therefore, the impact balance is judged to be negative.  

Although most of the direct impacts to vegetation will occur during construction, it is expected that minor 
effects will occur periodically as a result of maintenance, vegetation management and localized 
disturbances caused during reclamation. 

Project-related loss of native vegetation will be reversed at closure. However, the alteration of native 
vegetation communities will extend beyond the closure phase for many ELC types, particularly those that 
are late-successional in nature. Therefore, the effect is considered to be of long-term duration.  

Vegetation at closure phase will be monitored to ensure that it is on a trajectory to meet the target end 
land use and Ecosite Phase. The loss of native vegetation is expected to be reversible and the alteration 
of native vegetation will be reversible for the Project area except for limited areas of the borrow pits and 
well pads, which will be subject to a permanent alteration of the type of native vegetation. These 
alterations of native vegetation are very limited spatially and the target ELCs occur naturally within the 
Project area at Baseline Case. 
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The cover of forested upland ELCs will generally increase at closure. The total area of a number of the 
upland ELCs will increase substantially (e.g., f2 and d2). However, much of the increased native 
vegetation at the closure phase will result from reforestation of existing cutblocks and is, therefore, not 
completely a result of the Project. As shown in Table 1.6-1, there are four native wetland ELCs that will 
decrease in area at the closure phase (i1, j1, k1 and Shrubby Wetlands). The proportional percent 
decrease for these wetland ELCs ranges from 0.2% to 12.7%. The ELC type that shows the largest 
proportional percent decrease (j1), was the native ELC with the second largest area at the Baseline Case. 
For three of these wetland types that decrease (i1, j1 and k1), there are similar wetland ELCs (i2, j2 and 
k2 respectively) that all show an increase in area at closure. The wetland ELCs that increase (i2, j2 and 
k2) are similar in the sense that they are the earlier successional versions of i1, j1 and k1. As the tree 
species that characterize i1, j1 and k1 grow from shrub height to tree height, the ELCs will begin to 
transition to their later successional forms.  

Both abundance and distribution of native vegetation communities (ELCs) will be altered as a result of the 
Project. The impacts related to the alteration of changes to the distribution of ELCs are addressed in the 
Biodiversity Assessment and Wildlife Assessment (Volume 4, Section 3.0; Volume 4, Section 2.0). 
Magnitude is determined to be medium since, as shown in Table 1.6-1, vegetation diversity at a 
community level will not be reduced since all ELCs observed at baseline are expected to be represented 
in the closure landscape.  

Summary 
The potential residual effect of a loss or alteration of native vegetation communities is considered to have 
a negative impact balance. The residual effect is considered to be of medium magnitude due to the 
expectation that vegetation abundance and distribution will differ measurably from baseline conditions. 
This impact is expected to be of long-term duration since the alteration of native vegetation will extend 
into the closure phase and potentially beyond, depending on the ELC. In addition, the residual effect is of 
high probability and reversible to permanent depending on the Project component. Consequently, the 
potential residual effect of the Project construction activities on native vegetation communities in the LSA 
is not significant for the Application Case at the closure phase (Table 1.6-13). 

  



 

TABLE 1.6-1 
 

CHANGE IN ELC DISTRIBUTION FROM BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

ELC 
Baseline Case 

Application Case 
Operation Phase Closure Phase Change 

Total Area (ha)1 % Cover2 Total Area (ha)1 % Cover2 Total Area (ha)1 % Cover2 Total Area (ha) %3 
Forested Upland 
b3 - blueberry Aw-Sw 4.2 0.1 4.2 0.1 4.2 0.1 0.0 0.0 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 3.3 0.1 4.0 0.1 0.1 2.6 
d1 - low-bush cranberry Aw 527.8 8.6 389.2 6.3 590.1 9.6 62.3 11.8 
d2 - low-bush cranberry Aw-Sw 155.9 2.5 110.6 1.8 617.8 10.1 461.9 296.3 
d3 - low-bush cranberry Sw 130.8 2.1 111.1 1.8 433.1 7.1 302.3 231.1 
e1 - dogwood Pb-Aw 183.2 3.0 145.0 2.4 183.5 3.0 0.3 0.2 
e2 - dogwood Pb-Sw 265.2 4.3 225.2 3.7 764.3 12.5 499.1 188.2 
e3 - dogwood Sw 224.9 3.7 198.2 3.2 296.7 4.8 71.8 31.9 
f1 - horsetail Pb-Aw 27.5 0.5 22.9 0.4 77.4 1.3 49.9 181.5 
f2 - horsetail Pb-Sw 38.7 0.6 30.0 0.5 171.7 2.8 133.0 343.7 
f3 - horsetail Sw 117.1 1.9 88.6 1.4 281.8 4.6 164.7 140.6 
g1 - Labrador tea-subhygric Sb-Pj 365.1 6.0 309.6 5.0 440.7 7.2 75.7 20.7 
h1 - Labrador tea/horsetail Sw-Sb 391.0 6.4 328.1 5.3 615.8 10.0 224.8 57.5 
Wetland 
i1 - treed bog 345.9 5.6 294.6 4.8 303.3 4.9 -42.6 -12.3 
i2 - shrubby bog 66.2 1.1 63.6 1.0 158.4 2.6 92.2 139.3 
j1 - treed poor fen 465.9 7.6 387.6 6.3 406.6 6.6 -59.3 -12.7 
j2 - shrubby poor fen 19.8 0.3 18.4 0.3 36.5 0.6 16.7 84.3 
k1 - treed rich fen 206.6 3.4 179.1 2.9 191.1 3.1 -15.5 -7.5 
k2 - shrubby rich fen 16.6 0.3 15.8 0.3 19.6 0.3 3.0 18.1 
k3 - graminoid rich fen 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.9 
l1 – marsh 12.1 0.2 12.1 0.2 19.1 0.3 7.0 57.9 
Shrubby Wetland* 236.0 3.9 197.2 3.2 235.5 3.8 -0.5 -0.2 
Non-Forested / Natural Disturbance 
Meadow* 2.0 <0.1 1.8 <0.1 2.2 <0.1 0.2 10.0 
Regenerating Burn* 123.4 2.0 106.9 1.7 0.0 0.0 -123.4 -100.0 
Native ELC Total 3,969.0 64.7 3,281.8 53.5 5,895.0 96.1 1,926.0 48.5 
Anthropogenic Disturbance 
Regenerating Cutblock* 1,086.9 17.7 960.2 15.6 0.0 0.0 -1,086.9 -100.0 
Cutblock* 634.8 10.3 555.2 9.0 0.0 0.0 -634.7 -100.0 
Anthropogenic* 445.6 7.3 1,339.2 21.8 241.5 3.9 -204.1 -45.8 
LSA Total 6,136.2 100.0 6,136.4 100.0 6,136.5 100.0  
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Notes: 1. Total area may not add up to 6,316.4 ha due to rounding error. 
 2. Percent cover may not add up to 100% due to rounding error. 
 3. Percent change is proportional to the vegetation community. 
 *  Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation community. 
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UTM Zone 12N:
Ecological Land Classification: TERA Environmental Consultants 2012c; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c.

Ecological Land Classification

Anthropogenic Disturbance

Waterbody

Watercourse
Vegetation Local 

Study Area (450 m)

Existing Blackrod Road

Shrubby Wetland

b3 - blueberry Aw-Sw

c1 - Labrador 
tea-mesic Pj-Sb

d1 - low-bush 
cranberry Aw

d2 - low-bush
cranberry Aw-Sw

d3 - low-bush
cranberry Sw

e1 - dogwood Pb-Aw

e2 - dogwood Pb-Sw

e3 - dogwood Sw

f1 - horsetail Pb-Aw

f2 - horsetail Pb-Sw

f3 - horsetail Sw

g1 - Labrador

tea-subhygric Sb-Pj

h1 - Labrador

tea/horsetail Sw-Sb

i1 - treed bog

i2 - shrubby bog

j1 - treed poor fen

j2 - shrubby poor fen

k1 - treed rich fen

k2 - shrubby rich fen

k3 - graminoid rich fen

l1 - marsh

Meadow (upland with 
<6% tree cover and 
<25% shrub cover)
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1.6.1.3 Residual Effects of Loss or Alteration of Wetlands 

Loss or alteration of wetlands as a direct result of the Project has been quantitatively assessed within the 
LSA for wetland communities classified using AWI. AWI classes have been grouped into bog, fen, 
swamp, marsh and shallow open water categories for ease of comparison. Table 1.6-2 details the AWI 
classes and area and relative abundance of each AWI classification within the LSA for Baseline Case and 
Application Case at closure phase. Figure 1.6-2 shows the predicted distribution of AWI classes within the 
LSA at closure phase.  

BlackPearl has met the intent of the Federal Policy on Wetland Conservation (FPWC) through avoidance 
of wetlands wherever practical, and has applied the following decision framework for managing potential 
effects on wetlands:  

• siting the facilities to avoid wetlands; and  

• where avoidance is not technically or economically feasible, implementing construction and 
reclamation mitigation measures, minimizing the wetland area to be permanently disturbed, and 
allowing for natural recovery of wetland areas that are temporarily disturbed during the construction 
phase. 

At the LSA scale, wetland vegetation communities will be directly affected by the Project. At operation 
phase, approximately 336 ha of wetland vegetation will be cleared assuming the maximum disturbance 
scenario. At closure phase, greater than 336 ha of wetland vegetation will be reclaimed due to existing 
baseline disturbances on the Project Area being reclaimed with the Project, and due to the creation of 
marsh and swamp wetland complexes in upland areas (i.e., borrow pits reclaimed to wetlands). It is 
assumed, based upon current knowledge of reclamation techniques, that BTNN, FTNN and SONS will 
decrease overall, while the other wetland classes within the LSA will increase. This change in distribution 
of wetland classes within the LSA will be due to upland borrow pits being partially reclaimed to MONG 
and STNN while well pads and access roads within deep peatlands will be reclaimed to upland vegetation 
communities, STNN and BONS or FONS. Also, wetlands within existing burns and cutblocks will reforest 
throughout the life of the Project resulting in a greater than 336 ha of wetland vegetation at closure phase. 

Temporary disturbance to wetlands is expected during the construction and operation of pipelines and 
transmission lines within multi-use corridors. However, numerous peer-reviewed scientific studies have 
found that pipeline construction does not negatively impact the overall function of wetlands (Zimmerman 
and Wilkey 1992, Shem et al. 1993, Van Dyke et al. 1994, Santillo 1993). For example, the removal of 
trees and shrubs from along multi-use corridors will influence the vegetation species composition of a 
wetland, but the wetland will still perform most of the hydrologic functions, including recharging aquifers 
and storing water. Given the reclamation measures presented in Section 1.6.1 and the Project C&R Plan 
(Volume 1, Section 11.0), including progressive reclamation, natural re-vegetation, regular wetland 
monitoring and restoring multi-use corridors to the preconstruction profile, long-term effects due to 
pipeline and transmission line construction on wetland function are not expected. 

Construction of borrow pits within upland areas will result in the creation of depressions. When a borrow 
pit is exhausted, reclamation of the borrow pit will involve recontouring the sides to a gentle slope, 
decreasing the depth of the borrow pit and replacing salvaged topsoil. The deepest part of the borrow pit 
will be reclaimed to a MONG wetland class that transitions up the slope of the borrow pit to a swamp 
(STNN or SONS) wetland class as the soil moisture regime transitions from hydric to hygric. The 
remainder of the borrow pit will be reclaimed to an upland habitat.  

Construction and operation of gravelled well pads and access roads located within deep peatlands will 
result in some permanent loss and alteration of wetland habitat. The local topography of the well pads 
and access roads will be altered to an elevated position allowing for drier, upland conditions. The 
elevated well pads and access roads will still be situated within wetland complexes, and surface and 
subsurface drainage will still support water movement around and under the facility. At closure phase, 
portions of these gravelled well pads and access roads located on deep peatlands will be returned to 
wetland habitat. As hydrological flow around reclaimed facilities will be maintained, it is anticipated that 
the reclaimed wetland habitat will naturally re-vegetate. There will be an alteration in wetland vegetation 
community structure. For example, until trees and shrubs have had time to regenerate, it is likely that 
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hydrophytic graminoid species (e.g., sedges) will naturally colonize the reclaimed wetland habitats 
initially. Eventually, the wetland habitat portions of the reclaimed facilities are expected to return to fully 
functional, self-sustaining wetland vegetation communities, although they may be of a different wetland 
class than the surrounding wetland complex (e.g., a portion of well pads and access roads within deep 
peatlands will be reclaimed to swamp wetland classes instead of bog or fen wetland classes). Despite an 
alteration in wetland class, the reclaimed well pads and access roads will continue to display attributes of 
a functional wetland based on vegetation composition and abundance. This change on its own does not 
negatively influence the wetland’s ability to perform hydrologic, water quality or wildlife habitat functions. 

At closure phase, a greater area of wetland vegetation will be reclaimed than will be cleared in the 
maximum disturbance scenario at operation phase, resulting in an overall increase in wetland area within 
the LSA. A change in distribution of wetland classes within the LSA from baseline conditions is expected 
to occur. Wetland functionality can be described as the ability of wetlands to perform numerous 
hydrologic and habitat-related functions within an ecosystem, including trapping and storing sediment; 
storing water and energy; recharging aquifers; filtering and buffering water; reducing and dissipating 
energy; maintaining biodiversity; and creating primary productivity. Wetland functionality can change 
throughout the year (e.g., from times of drought to excessive precipitation) and the importance of the 
wetland functions can also change depending on conditions (Ambrose et al. 2004). Based on vegetation 
composition and abundance, reclaimed well pads and access roads will continue to display attributes of 
functional wetlands, therefore, changes in wetland class within the LSA are not expected to negatively 
influence wetland functionality.  

Project-related loss of wetlands will be reversed at closure. Wetland functionality will not be adversely 
impacted by the Project. However, the alteration of wetlands is synonymous with alteration of other native 
vegetation in that the effect is expected to extend beyond closure phase for some late-successional 
classes (e.g., reclaimed facilities within deep peatlands may only achieve shrub height black spruce and 
tamarack by closure, resulting in an increase of BONS and FONS and a decrease in BTNN and FTNN). 
Although some wetland areas will not return to their baseline AWI classes, the alteration of wetlands is 
considered to be reversible in the long-term for most wetland habitat locations. Where changes in 
topography will result in loss or creation of wetland habitat (e.g., reclamation of a portion of a well pad 
within a deep peatland to an upland habitat or reclamation of a portion of a borrow pit within an upland to 
a marsh and swamp wetland complex, respectively) effects will be permanent but localized. 

Summary 
The potential residual effect of loss or alteration of wetlands is considered to have a negative impact 
balance. The residual effect is considered to be of medium magnitude due to the expectation that wetland 
abundance and distribution will differ measurably from baseline conditions, and of long-term duration 
since the alteration of wetlands will extend into the closure phase and potentially beyond, depending on 
the wetland class. In addition, the residual effect is of high probability and reversible to permanent, 
depending on AWI class. Consequently, the potential residual effect of the Project on wetlands in the LSA 
is not significant for the Application Case at closure phase (Table 1.6-13). 

  



 

TABLE 1.6-2 
 

CHANGE IN AWI DISTRIBUTION FROM BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

AWI1 

Baseline Case 
Application Case 

Operation Phase Closure Phase Change 

Total Area (ha) % Cover Total Area (ha) % Cover 
Total Area 

(ha) % Cover 
Total Area 

(ha) %2 
Bog 
BONS 155.0 2.5 137.8 2.2 158.4 2.6 3.4 2.2 
BTNN 345.9 5.6 294.6 4.8 303.3 4.9 -42.6 -12.3 
Fen 
FONG 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.8 
FONS 46.6 0.8 40.1 0.7 63.1 1.0 16.5 35.4 
FTNN 672.7 11.0 567.0 9.2 597.7 9.7 -75.0 -11.1 
Swamp 
SONS 258.7 4.2 222.8 3.6 228.4 3.7 -30.3 -11.7 
STNN 784.3 12.8 665.9 10.9 1,011.8 16.5 227.5 29.0 
Marsh 
MONG 7.2 0.1 7.2 0.1 13.9 0.2 6.7 93.0 
Shallow Open Water 
WONN 5.0 0.1 5.0 0.1 5.2 0.1 0.2 3.2 
Wetland Total 2,314.7 37.7 1,979.1 32.3 2,423.3 39.5 108.6 4.7 
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Notes: 1. Wetlands are classified according to the AWI (Halsey et al. 2004). 
 2. Percent change is proportional to the vegetation community. 
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no permafrost nor
internal lawns

BONS - Shrub bog
no permafrost

FONG - Graminoid fen
no patterning

FONS - Shrub fen
no patterning

FTNN - Wooded fen
no patterning nor
internal lawns

SONS - Shrub swamp

STNN - Wooded swamp
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1.6.1.4 Residual Effects of Loss or Alteration of Old Growth Forests 

Loss or alteration of potential old growth forest as a direct result of the Project has been quantitatively 
assessed within the LSA. As described in the Baseline Report (Appendix 1A) verification of old growth 
forest necessitates an examination of structural characteristics. Therefore, since the quantitative 
assessment of old growth forest relies strictly on differentiation of immature stands based upon the date 
of origin (i.e., stand age), those polygons that meet the stand age characteristics for their respective 
vegetation type are termed “potential old growth forest.” Table 1.6-3 details the area and relative 
abundance of potential old growth categorized by Ecosite Phases within the LSA for Baseline Case and 
Application Case at closure phase. Figure 1.6-3 shows the predicted distribution of potential old growth by 
ELC within the LSA at closure phase.  

The extent of impacts to areas of potential old growth forest will be limited by the implementation of 
mitigative measures outlined in Section 1.6.1. For example, the Project has been sited to utilize 
approximately 295 ha of existing anthropogenic disturbance. At operation phase, approximately 175 ha of 
potential old growth forest will be cleared assuming the maximum disturbance scenario. The maximum 
disturbance scenario assumes that the entire Project Area will be cleared at the operation phase, which 
provides a conservative estimate of disturbance. At closure phase, there is predicted to be 1,623 ha more 
potential old growth within the LSA than there was at the Baseline Case. This is due mainly to mature 
forests at Baseline Case remaining on the landscape and achieving the potential to be old growth forest 
by closure phase. However, because future natural disturbances (such as fire and forest pests) are 
difficult to predict spatially or temporally in an accurate manner, the interaction of such disturbances with 
the predicted quantitative effects will be qualitative. Therefore, although it has been predicted that there 
may be up to 2,729 ha of potential old growth forest present in the LSA at closure, it is expected that 
there would be less. However, considering only the Project, existing disturbances and the conditions 
(including future forest maturity and potential natural disturbances) of the forest at closure, it is expected 
that the area of potential old growth forest at closure would exceed the 1,021 ha present within the LSA 
for the Baseline Case. 

The cover of potential old growth for forested upland and wetland ELCs will generally increase at closure. 
Similar to the trends noted for native vegetation, potential old growth in some ELCs (e.g., d1 and e1) will 
increase substantially, although much of the increase will result from reforestation of existing cutblocks. 
Two of the ELCs (c1 and e3) are expected to have a reduced area of potential old growth forest at the 
closure phase. However, the reduced area (0.6 ha and 7.7 ha, respectively) is relatively small compared 
to the potential total increase in old growth area. As shown in Table 1.6-3, there is expected to be a shift 
in the distribution of potential old growth areas between ELC types. Most notably, d1 and e1 ELCs are 
predicted to have substantial increases in potential old growth area, while c1 and e3 ELCs are predicted 
to have reduced potential old growth area at closure. 

Although the quantitative evaluation of potential old growth forest area in the LSA predicts a substantially 
greater (159% increase) area at closure compared to the Baseline Case, the distribution and ELC 
composition of the potential old growth forest will be altered (Table 1.6-3). It is reasonably foreseeable 
that an additional rotation of timber harvesting could occur during the lifetime of the Project, but due to the 
uncertainty of when and where this activity would take place within the LSA, it has not been included in 
the predictions of the potential old growth ELCs at closure. Other unplanned developments and natural 
disturbances are likely, but not incorporated in the assessment due to inability to predict and quantify 
these changes. As a result, the potential old growth ELC predictions are expected to be overestimated. 
Therefore, the impact balance of a loss or alteration of potential old growth forest is considered to be 
negative. The duration of the effect will be long-term, since the loss and alteration of areas of potential old 
growth will extend into the closure phase and beyond. Areas that are progressing towards maturity may 
be periodically disturbed during maintenance or decommissioning slowing the reversibility in localized 
areas. 

The potential residual effect to old growth forests is reversible since potential old growth forest polygons 
are based on stand age. Magnitude is determined to be medium since, as shown in Table 1.6-3, 
vegetation diversity at a community level will not be reduced since all potential old growth ELCs observed 
at baseline are expected to be represented in the closure landscape. 
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Summary 
The potential residual effect of loss or alteration of potential old growth forest is considered to have a 
negative impact balance. The residual effect is considered to be of medium magnitude due to the 
expectation that potential old growth distribution will differ measurably from baseline conditions and of 
long-term duration since the residual effect will extend beyond closure. In addition, the residual effect is of 
high probability and reversible. Consequently, the potential residual effect of the Project on potential old 
growth forest in the LSA is not significant for the Application Case at closure phase (Table 1.6-13). 

  



 

TABLE 1.6-3 
 

CHANGE IN OLD GROWTH FOREST DISTRIBUTION FROM BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

Old Growth Ecosite Phase1 

Baseline Case 
Application Case 

Operation Phase Closure Phase Change 

Total Area 
(ha) % Cover 

% of 
ELC 

% of Total 
Old Growth 

Area2 

Total 
Area 
(ha) % Cover 

% of 
ELC 

% of Total 
Old 

Growth 
Area2 

Total 
Area (ha) % Cover 

% of 
ELC 

% of Total 
Old 

Growth 
Area2 

Total Area 
(ha) %3 

Forested Upland 
b3 - blueberry Aw-Sw 2.6 <0.1 60.7 0.3 2.6 0.0 60.7 0.3 4.2 0.1 100.1 0.2 1.6 61.8 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 100.0 0.4 3.3 0.1 100.0 0.4 3.3 0.1 81.7 0.1 -0.6 -16.2 
d1 - low-bush cranberry Aw 8.0 0.1 1.5 0.8 3.3 0.1 0.8 0.4 284.1 4.6 48.1 10.4 276.1 3,450.8 
d2 - low-bush cranberry Aw-Sw 46.3 0.8 29.7 4.5 29.6 0.5 26.8 3.5 111.4 1.8 18.0 4.1 65.1 140.7 
d3 - low-bush cranberry Sw 38.5 0.6 29.4 3.8 31.8 0.5 28.6 3.8 64.6 1.1 14.9 2.4 26.1 67.8 
e1 - dogwood Pb-Aw 4.6 0.1 2.5 0.5 4.1 0.1 2.9 0.5 139.7 2.3 76.1 5.1 135.1 2,937.4 
e2 - dogwood Pb-Sw 118.4 1.9 44.6 11.6 97.3 1.6 43.2 11.5 254.8 4.2 33.3 9.3 136.4 115.2 
e3 - dogwood Sw 139.4 2.3 52.6 13.7 123.9 2.0 62.5 14.6 131.7 2.1 44.4 4.8 -7.7 -5.5 
f1 - horsetail Pb-Aw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 42.0 0.7 54.2 1.5 42.0 100.0 
f2 - horsetail Pb-Sw 4.8 0.1 12.4 0.5 3.0 0.0 10.1 0.4 33.4 0.5 19.4 1.2 28.6 595.7 
f3 - horsetail Sw 45.5 0.7 38.9 4.5 34.3 0.6 38.7 4.1 82.6 1.3 29.3 3.0 37.1 81.6 
g1 - Labrador tea-subhygric Sb-Pj 223.8 3.7 61.3 21.9 185.2 3.0 59.8 21.9 317.8 5.2 72.1 11.6 94.0 42.0 
h1 - Labrador tea/horsetail Sw-Sb 167.5 2.7 42.9 16.4 140.8 2.3 42.9 16.6 316.0 5.1 51.3 11.6 148.5 88.6 
Wetland 
i1 - treed bog 49.2 0.8 14.2 4.8 45.0 0.7 15.3 5.3 302.8 4.9 99.8 11.1 253.6 515.4 
j1 - treed poor fen 146.8 2.4 31.5 14.4 121.9 2.0 31.4 14.4 386.5 6.3 95.1 14.2 239.7 163.3 
k1 - treed rich fen 21.6 0.4 10.5 2.1 20.2 0.3 11.3 2.4 169.0 2.8 88.4 6.2 147.4 682.5 
Old Growth Total 1,020.8 16.6  846.2 13.8  2,729.3 44.5  1,623.0 159.0 
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Notes: 1. Old growth is derived from ‘date of origin’ from AVI (Al-Pac 2010). 
 2. Percent cover may not add up to 100% due to rounding error. 
 3. Percent change is proportional to the vegetation community. 
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1.6.1.5 Residual Effects of Loss or Alteration of Riparian Areas 

Direct loss or alteration of riparian area native vegetation as a result of the Project has been quantitatively 
assessed within the LSA for vegetation communities in riparian areas classified using ELC. Riparian 
areas were determined by applying a 50 m wide buffer to waterbodies. A 50 m buffer was chosen as a 
conservative estimate of riparian area, as discussed in the Aquatic Ecology Assessment (Volume 3, 
Section 4.0). Table 1.6-4 details the riparian area ELCs, and the area and relative abundance of each 
riparian area ELC within the LSA from Baseline to Application Case. Figure 1.6-4 shows the predicted 
distribution of riparian area ELCs within the LSA at closure phase.  

The extent of impacts to riparian area native vegetation communities will be limited by the implementation 
of mitigative measures outlined in Section 1.6.1. For example, the Project has been sited to minimize the 
amount of riparian area directly impacted by the Project. A total of 10.5 ha of riparian area will be within 
the Project Area. At operation phase, approximately 9.4 ha of riparian area native vegetation will be 
cleared assuming the maximum disturbance scenario. This accounts for approximately 1% of the total 
native vegetation to be cleared due to the Project (671 ha). Also, the Project has been sited to utilize 
approximately 1.1 ha of existing disturbance (i.e., ELC of Anthropogenic, Cutblock and Regenerating 
Cutblock) within riparian areas (approximately 10% of the Project Area within riparian areas). Additional 
mitigation implemented to reduce impacts to riparian areas is detailed in the Aquatic Ecology Assessment 
(Volume 3, Section 4.7). 

Although most of the direct impacts to riparian area native vegetation will occur during construction, it is 
expected that minor effects will occur periodically as a result of maintenance, vegetation management 
and localized disturbances caused during reclamation. 

Project-related loss of riparian area native vegetation will be reversed at closure. However, the alteration 
of native vegetation communities will extend beyond the closure phase for many ELC types, particularly 
those that are late-successional in nature. Therefore, the effect is considered to be of long-term duration.  

Riparian area native vegetation will be monitored at closure phase to ensure that it is on a trajectory to 
meet the target end land use and Ecosite Phase. The loss of riparian area native vegetation is expected 
to be reversible and the alteration of riparian area native vegetation will be reversible for the Project Area, 
except for limited locations of the well pads and access roads in deep peatlands which will be subject to a 
permanent alteration of vegetation community. However, these alterations of riparian area native 
vegetation are very limited spatially and the target Ecosite Phases naturally occur within the Project area 
at Baseline Case. 

As shown in Table 1.6-4, the native vegetation communities in riparian areas that have the largest 
reduction due to construction and operation of the Project are e1, j1 and k1 (less than 2 ha each). At 
closure, the 9.4 ha of riparian vegetation that was cleared for the Project, as well as existing baseline 
disturbances on the Project Area, will be reclaimed. At closure phase, the greatest increases in area from 
Baseline Case native vegetation in riparian areas are expected in d2, e2 and h1 due to existing cutblocks 
reforesting through the life of the Project and reclamation of existing baseline disturbance on the Project 
Area. In addition, due to the reclamation of well pads and access roads within deep peatlands to a 
combination of upland, shallow peat wetland and early successional deep peatland, there are expected to 
be some decreases in j1 and k1 that are reclaimed to h1 and j2 within riparian areas at closure phase. 
Although the loss of native vegetation in riparian areas will be reversed at closure, there will be alteration 
of the composition of the native vegetation and, therefore, the impact balance is considered to be 
negative. 

Both abundance and distribution of riparian area native vegetation communities (ELCs) will be altered as 
a result of the Project. The impacts related to the changes to the distribution of riparian area ELCs are 
addressed in the Biodiversity Assessment and Wildlife Assessment (Volume 4, Section 3.0; Volume 4, 
Section 2.0). Magnitude is determined to be medium since, as shown in Table 1.6-4, riparian area 
vegetation diversity at a community level will not be reduced since all riparian area ELCs observed at 
baseline are expected to be present at closure phase.  
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Summary 
The potential residual effect of a loss or alteration of riparian areas is considered to have a negative 
impact balance. The residual effect is considered to be of medium magnitude due to the expectation that 
riparian area vegetation abundance and distribution will differ measurably from baseline conditions. This 
impact is expected to be of long-term duration since the alteration of riparian area native vegetation will 
extend into the closure phase and potentially beyond, depending on the ELC. In addition, the residual 
effect is of high probability and reversible to permanent depending on the Project component. 
Consequently, the potential residual effect of the Project construction activities on riparian area native 
vegetation communities in the LSA is not significant for the Application Case at closure phase 
(Table 1.6-13). 

  



 

TABLE 1.6-4 
 

CHANGE IN RIPARIAN AREA ELC DISTRIBUTION FROM BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

Riparian ELC1 

Baseline Case 
Application Case 

Operation Phase Closure Phase Change 

Total Area 
(ha) % Cover 

% of 
ELC 

% of Total 
Riparian 

Area2 
Total 

Area (ha) % Cover 
% of 
ELC 

% of Total 
Riparian 

Area2 

Total 
Area 
(ha) % Cover 

% of 
ELC 

% of Total 
Riparian 

Area2 
Total Area 

(ha) %3 
Forested Upland Riparian Areas 
b3 - blueberry Aw-Sw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c1 - Labrador tea-mesic Pj-Sb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
d1 - low-bush cranberry Aw 11.6 0.2 2.2 5.1 10.8 0.2 2.8 4.7 14.8 0.2 2.5 6.4 3.1 27.0 
d2 - low-bush cranberry Aw-Sw 13.6 0.2 8.7 5.9 13.0 0.2 11.7 5.6 19.6 0.3 3.2 8.5 6.0 44.6 
d3 - low-bush cranberry Sw 6.8 0.1 5.2 3.0 6.3 0.1 5.6 2.7 9.5 0.2 2.2 4.1 2.7 39.0 
e1 - dogwood Pb-Aw 22.9 0.4 12.5 10.0 21.8 0.4 15.0 9.5 22.2 0.4 12.1 9.7 -0.7 -3.1 
e2 - dogwood Pb-Sw 15.7 0.3 5.9 6.8 15.5 0.3 6.9 6.7 33.3 0.5 4.4 14.5 17.7 112.9 
e3 - dogwood Sw 40.4 0.7 18.0 17.6 39.6 0.6 20.0 17.2 40.4 0.7 13.6 17.6 0.0 0.0 
f1 - horsetail Pb-Aw 1.3 <0.1 4.7 0.6 1.3 <0.1 5.7 0.6 1.3 <0.1 1.7 0.6 0.0 0.4 
f2 - horsetail Pb-Sw 0.1 <0.1 0.3 0.1 0.1 <0.1 0.4 0.1 0.1 <0.1 0.1 0.1 0.0 0.0 
f3 - horsetail Sw 0.4 <0.1 0.3 0.2 0.4 <0.1 0.4 0.2 0.9 <0.1 0.3 0.4 0.5 145.1 
g1 - Labrador tea-subhygric Sb-Pj 2.9 <0.1 0.8 1.3 2.8 <0.1 0.9 1.2 3.6 0.1 0.8 1.5 0.6 20.5 
h1 - Labrador tea/horsetail Sw-Sb 10.4 0.2 2.6 4.5 10.3 0.2 3.1 4.5 19.6 0.3 3.2 8.5 9.3 89.8 
Wetland Riparian Areas 
i1 - treed bog 6.6 0.1 1.9 2.9 6.1 0.1 2.1 2.7 6.5 0.1 2.2 2.8 0.0 -0.7 
i2 - shrubby bog 3.9 0.1 6.0 1.7 3.9 0.1 6.2 1.7 3.9 0.1 2.5 1.7 0.0 0.0 
j1 - treed poor fen 5.9 0.1 1.3 2.6 4.7 0.1 1.2 2.0 4.8 0.1 1.2 2.1 -1.1 -18.0 
j2 - shrubby poor fen 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 <0.1 2.6 0.4 1.0 100.0 
k1 - treed rich fen 3.9 0.1 1.9 1.7 2.2 <0.1 1.2 1.0 2.2 <0.1 1.2 1.0 -1.7 -42.8 
k2 - shrubby rich fen 12.8 0.2 77.3 5.6 12.1 0.2 77.0 5.3 13.3 0.2 68.1 5.8 0.5 3.9 
k3 - graminoid rich fen 5.9 0.1 15.1 2.6 5.7 0.1 14.8 2.5 6.1 0.1 14.7 2.7 0.2 3.5 
l1 - marsh 7.9 0.1 65.0 3.4 7.9 0.1 64.8 3.4 8.0 0.1 42.1 3.5 0.2 2.2 
Shrubby Wetland* 11.6 0.2 4.9 5.0 10.8 0.2 5.5 4.7 11.9 0.2 5.0 5.2 0.3 2.4 
Non-Forested / Natural Disturbance Riparian Areas 
Meadow* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Regenerating Burn* 1.5 <0.1 1.2 0.7 1.5 <0.1 1.4 0.7 0.0 0.0 0.0 0.0 -1.5 -100.0 
Total Native Riparian Area 186.2 3.0 4.7 81.0 176.8 2.9 5.4 76.9 223.3 3.6 3.8 97.1 37.1 19.9 
Anthropogenic Disturbance Riparian Areas 
Regenerating Cutblock* 24.6 0.4 2.3 10.7 24.3 0.4 2.5 10.5 0.0 0.0 0.0 0.0 -24.6 -100.0 
Cutblock* 7.1 0.1 1.1 3.1 6.9 0.1 1.2 3.0 0.0 0.0 0.0 0.0 -7.1 -100.0 
Anthropogenic* 12.1 0.2 2.7 5.3 22.0 0.4 1.6 9.6 6.7 0.1 2.8 2.9 -5.5 -45.2 
Total Riparian Area 230.0 3.7  230.0 3.7  230.0 3.7  0.0 0.0 
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Notes: 1. Vegetation communities classified using ELC within a 50 m radius of waterbodies. 
 2. Percent cover may not add up to 100% due to rounding error. 
 3. Percent change is proportional to the vegetation community. 

 *  Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation community. 
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UTM Zone 12N:
Ecological Land Classification: TERA Environmental Consultants 2012c; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c. May 2012

Ecological Land Classification

Anthropogenic Disturbance

Waterbody

Watercourse
Vegetation Local 

Study Area (450 m)

Existing Blackrod Road

d1 - low-bush 
cranberry Aw

d2 - low-bush
cranberry Aw-Sw

d3 - low-bush
cranberry Sw

e1 - dogwood Pb-Aw

e2 - dogwood Pb-Sw

e3 - dogwood Sw

f1 - horsetail Pb-Aw

f2 - horsetail Pb-Sw

f3 - horsetail Sw

g1 - Labrador

tea-subhygric Sb-Pj

h1 - Labrador

tea/horsetail Sw-Sb

i1 - treed bog

i2 - shrubby bog

j1 - treed poor fen

j2 - shrubby poor fen

k1 - treed rich fen

k2 - shrubby rich fen

k3 - graminoid rich fen

l1 - marsh
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1.6.1.6 Residual Effects of Loss or Alteration of Communities of Limited Distribution 

Direct loss or alteration of communities of limited distribution as a result of the Project has been 
quantitatively assessed within the LSA for communities of limited distribution classified using both ELC 
and AWI. Table 1.6-5 details the community of limited distribution ELCs and details the area and relative 
abundance of each ELC of limited distribution within the LSA from Baseline to Application Case. 
Figure 1.6-5 shows the predicted distribution of community of limited distribution ELCs within the LSA at 
closure phase. Table 1.6-6 details the community of limited distribution AWI classes and details the area 
and relative abundance of each AWI class of limited distribution within the LSA from Baseline to 
Application Case. Figure 1.6-6 shows the predicted distribution of AWI classes with limited distribution in 
the LSA at closure phase.  

Communities of limited distribution are described for both ELC and AWI classifications. However, there is 
some overlap between wetland ELCs and the AWI classification. The AWI of limited distribution are 
related to the wetland ELCs in the following way: FONG is equivalent to k3, FONS are comprised of k2, j2 
and some Shrubby Wetlands and l1 is split between MONG and WONN classifications. 

With the exception of the b3 ELC, which will be unchanged, the communities of limited distribution are all 
expected to increase in area at the closure phase (Tables 1.6-5 and 1.6-6). In addition, there are two ELC 
and two AWI of limited distribution (b3, l1, MONG and WONN) which will not decrease in area during the 
maximum disturbance scenario at operations. There are three communities of limited distribution that are 
expected to occupy greater than 1% of the LSA at closure (f1, f2 and FONS). 

Communities of limited distribution will not be lost as a result of the Project. New communities of limited 
distribution will not be created within the LSA as a result of the alteration of native vegetation communities 
resulting from the Project at closure phase. Though many of the communities of limited distribution will 
increase in area at closure, this is countered, with respect to impact balance, by the change in distribution 
of the communities of limited distribution. Therefore, the impact balance is considered to be neutral. 

Although most of the direct impacts to communities of limited distribution will occur during construction, it 
is expected that minor effects will occur periodically as a result of maintenance, vegetation management 
and localized disturbances caused during reclamation. The impact to communities of limited distribution is 
reversible since this indicator is defined by the percent area occupied by a given ELC or AWI, which 
increases or remains unchanged from Baseline to Application Case for all of the communities of limited 
distribution. 

Based on the conditions anticipated at closure there will be no additional communities of limited 
distribution (for both ELC and AWI) at the closure phase. That is, none of the communities which 
occupied greater than 1% of the Baseline Case LSA will be reduced as a result of the Project such that 
they occupy less than 1% at the closure phase. Therefore, this effect is of medium magnitude since it will 
have a measureable effect on the distribution of vegetation but will not reduce the abundance of 
vegetation or reduce the diversity of vegetation. 

Summary 
The potential residual effect of loss or alteration of communities of limited distribution is considered to 
have a neutral impact balance. The residual effect is considered to be of medium magnitude due to the 
expectation that the distribution of communities of limited distribution will differ measurably from baseline 
conditions. The residual effect is of long-term duration since the impact will extend beyond closure. In 
addition, the residual effect is of high probability and reversible. Consequently, the potential residual 
effect of the Project on communities of limited distribution in the LSA is not significant for the Application 
Case at closure phase (Table 1.6-13). 

  



 

TABLE 1.6-5 
 

CHANGE IN COMMUNITIES OF LIMITED DISTRIBUTION ELC DISTRIBUTION FROM 
BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

ELC Communities of Limited Distribution1 
Baseline Case 

Application Case 
Operation Phase Closure Phase Change 

Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) %2 
Forested Upland 
b3 - blueberry Aw-Sw 4.2 0.1 4.2 0.1 4.2 0.1 0.0 0.0 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 3.3 0.1 4.0 0.1 0.1 2.6 
f1 - horsetail Pb-Aw 27.5 0.5 22.9 0.4 77.4 1.3 49.9 181.5 
f2 - horsetail Pb-Sw 38.7 0.6 30.0 0.5 171.7 2.8 133.0 343.7 
Wetland 
j2 - shrubby poor fen 19.8 0.3 18.4 0.3 36.5 0.6 16.7 84.3 
k2 - shrubby rich fen 16.6 0.3 15.8 0.3 19.6 0.3 3.0 18.1 
k3 - graminoid rich fen 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.9 
l1 – marsh 12.1 0.2 12.1 0.2 19.1 0.3 7.0 57.9 
Non-Forested / Natural Disturbance 
Meadow* 2.0 <0.1 1.8 <0.1 2.2 <0.1 0.2 10.0 
Total 164.1 2.7 147.3 2.5 376.3 6.2 212.2 129.3 
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Notes: 1. Communities of limited distribution classified using ELC that cover less than 1% of the LSA. 
 2. Percent change is proportional to the vegetation community. 
 *  Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation community. 
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UTM Zone 12N:
Ecological Land Classification: TERA Environmental Consultants 2012c; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c.

Anthropogenic Disturbance

Waterbody

Watercourse
Vegetation Local 

Study Area (450 m)

Existing Blackrod Road

Ecological Land Classification
b3 - blueberry Aw-Sw

c1 - Labrador 
tea-mesic Pj-Sb

f1 - horsetail Pb-Aw

f2 - horsetail Pb-Sw

j2 - shrubby poor fen

k2 - shrubby rich fen

k3 - graminoid rich fen

l1 - marsh

Meadow (upland with 
<6% tree cover and 
<25% shrub cover)



 

TABLE 1.6-6 
 

CHANGE IN COMMUNITIES OF LIMITED DISTRIBUTION AWI DISTRIBUTION FROM 
BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

AWI Communities of Limited Distribution1 
Baseline Case 

Application Case 
Operation Phase Closure Phase Change 

Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) %2 
Fen 
FONG 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.8 
FONS 46.6 0.8 40.1 0.7 63.1 1.0 16.5 35.4 
Marsh 
MONG 7.2 0.1 7.2 0.1 13.9 0.2 6.7 93.0 
Shallow Open Water 
WONN 5.0 0.1 5.0 0.1 5.2 0.1 0.2 3.2 
Total 98.1 1.6 91.1 12.3 123.8 2.0 25.7 26.2 

Notes: 1. Communities of limited distribution classified using AWI that cover less than 1% of the LSA. 
 2. Percent change is proportional to the vegetation community. 
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UTM Zone 12N:
Alberta Wetland Inventory: TERA Environmental Consultants 2012d; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c.

Alberta Wetland Inventory

FONG - Graminoid fen
no patterning

FONS - Shrub fen
no patterning

MONG - Graminoid marsh

WONN - Open water

May 2012

Anthropogenic Disturbance

Waterbody

Watercourse
Vegetation Local 

Study Area (450 m)

Existing Blackrod Road
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1.6.1.7 Residual Effects of Habitat Fragmentation 

Construction of the Project may act cumulatively with existing disturbance to increase fragmentation of 
vegetation habitat in the LSA. Spatial characteristics of vegetation habitat can be measured to describe 
habitat fragmentation. Changes to mean patch size and mean percent anthropogenic edge were 
calculated from the reference conditions measured for the Baseline Case to Application Case and are 
presented in Tables 1.6-7 and 1.6-8, respectively. These comparisons were calculated according to the 
maximum disturbance scenario (i.e., the operation phase) and following implementation of the Project 
C&R Plan (Volume 1, Section 11.0) (i.e., the closure phase). Vegetation habitats assessed are native 
vegetation communities classified using ELC, wetland vegetation communities classified using AWI and 
native vegetation communities within riparian areas classified using ELC. 

The quantification of habitat fragmentation in the LSA was used to inform a qualitative assessment for the 
significance of the residual effect. Since implementation of the Project C&R Plan is the primary method 
for mitigation of potential effects to habitat fragmentation, the impact balance and magnitude of the effect 
were determined according to the results of the closure phase of the Project.  

Mean Patch Size 
Following implementation of the C&R Plan, the Project is anticipated to result in residual effects to 
fragmentation of native vegetation communities, wetland vegetation communities and native vegetation 
communities in riparian areas within the LSA.  

Mean patch size of native vegetation communities will exhibit a negligible, positive residual effect. Since 
the Project was oriented to utilize existing anthropogenic disturbance wherever feasible, reclamation of 
baseline disturbance on the Project Area at closure phase will result in a net increase of mean patch size. 
When two patches of the same native vegetation community are separated by an existing disturbance 
and this disturbance is reclaimed to connect these two patches at closure phase, the number of patches 
decreases and the size of the resulting patch increases. This increase in connectivity among native 
vegetation communities results in an increase in mean patch size and a decrease in habitat fragmentation 
at closure phase. Increases to mean patch size of native vegetation communities due to the increase in 
connectivity described above are countered by decreases in mean patch size of native wetland 
vegetation communities as described below.  

Reclamation outcomes will vary among wetland classes, but will result in a negative effect to mean patch 
size of wetland vegetation communities. Some wetland habitats directly impacted by the construction of 
the Project will not be returned to the reference conditions of the Baseline Case. Specifically, where 
impacted by well pads and access roads, deep peatlands will be reclaimed to other wetland classes and 
upland habitat types. This will result in a negative effect to mean patch size by the creation of small 
swamp wetland patches and the reduction of the areas of the remaining deep peatland patches. In 
addition to this effect, creation of new wetland habitat due to the reclamation of borrow pits within upland 
habitats will contribute to reduced mean patch area, since these new wetlands will be small in size 
relative to other more extensive wetland complexes. 

Similar to the predicted effects of fragmentation on wetland habitats, the Project will result in a negative 
effect to mean patch size of native vegetation communities within riparian areas. This effect is due to the 
reclamation of deep peatlands within riparian areas to other wetland vegetation classes. Although all 
native vegetation communities within riparian areas impacted by the Project will be reclaimed at the 
closure phase, some areas will be reclaimed to other native vegetation communities that will create new 
patches within formerly larger patches in riparian areas.  

Mean Percent Anthropogenic Edge 
Since the Project has been oriented to utilize existing disturbance to the greatest extent feasible, 
implementation of the C&R Plan is expected to result in a net decrease of anthropogenic disturbance in 
contact with vegetation habitat (i.e., anthropogenic edge). Consequently, for native vegetation 
communities, wetland vegetation communities and native vegetation communities within riparian areas, 
mean percent anthropogenic edge is predicted to decrease. Furthermore, existing disturbance associated 
with Cutblocks and Regenerating Cutblocks present at the Baseline Case, will undergo reforestation 
throughout the life of the Project. Upon reforestation, these areas will no longer contribute to 
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anthropogenic edge, further reducing the mean percent anthropogenic edge for patches of native 
vegetation communities, wetland vegetation communities and native vegetation communities within 
riparian areas. 

Summary 
The potential residual effect of habitat fragmentation of native vegetation communities, wetland 
vegetation communities and native vegetation communities in riparian areas is considered to have a 
negative impact balance. The residual effect is considered to be of low magnitude due to the decreases in 
wetland vegetation community mean patch size being offset by increases in overall native vegetation 
community patch size and the decrease in mean percent anthropogenic edge for all habitats in the LSA. 
This residual effect is expected to be of long-term duration since the increase in habitat fragmentation will 
extend into the closure phase and beyond. In addition, the residual effect is of high probability and 
permanent. Consequently, the potential residual effect of the Project on habitat fragmentation in the LSA 
is not significant for the Application Case at the closure phase (Table 1.6-13). 

  



 

TABLE 1.6-7 
 

CHANGE IN MEAN PATCH SIZE DISTRIBUTION HABITAT FRAGMENTATION METRICS FROM 
BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

Vegetation Habitat 

Baseline Case 
Application Case 

Operation Phase Closure Phase 

Change7 (ha) 
Mean Area4 

(ha) 

Standard 
Deviation of 
Area5 (ha) 

Range of 
Area6 (ha) 

Mean 
Area4 
(ha) 

Standard 
Deviation of 
Area5 (ha) 

Range of 
Area6 (ha) 

Mean 
Area4 
(ha) 

Standard 
Deviation of 
Area5 (ha) 

Range of 
Area6 (ha) 

Native ELC1 2.8 6.0 78.9 1.6 3.6 44.0 2.8 6.6 95.7 <0.1 
AWI2 3.6 8.2 79.0 2.5 5.2 47.8 3.0 7.2 100.5 0.6 decrease 
Native ELC Riparian3 1.0 1.9 19.1 0.8 1.7 19.0 0.8 1.6 19.2 0.2 decrease 

Notes: 1. Native ELC values do not include ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 2. AWI values do not include Upland or ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 3. Native ELC Riparian values do not include Non-riparian areas and ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 4. Mean patch size is calculated by dividing the total area of a landscape by the number of patches of a landscape. 
 5. The standard deviation of patch size equals the square root of the sum of standard deviations of each patch size of a landscape from the mean patch size of the landscape divided by the number of patches within the 

landscape. 
 6. The range of patch size is calculated by subtracting the smallest patch size from the largest patch size within a landscape. Page 1-48

 7. Change is the difference in mean area between the Baseline Case and the closure phase of the Application Case. 
 

 
 
 



 

TABLE 1.6-8 
 

CHANGE IN MEAN PERCENTAGE ANTHROPOGENIC EDGE FROM BASELINE TO APPLICATION CASE AT CLOSURE PHASE IN THE LSA 

Vegetation Habitat 

Baseline Case 
Application Case 

Operation Phase Closure Phase 

Change7 

Mean % 
Anth. 
Edge4 

Standard 
Deviation of % 

Anth. Edge5 

Range of 
% Anth. 
Edge6 

Mean % 
Anth. 
Edge4 

Standard 
Deviation of % 

Anth. Edge5 

Range of 
% Anth. 
Edge6 

Mean % 
Anth. 
Edge4 

Standard 
Deviation of % 

Anth. Edge5 

Range of 
% Anth. 
Edge6 

Native ELC1 46.3 29.9 100.0 61.7 33.0 100.0 27.3 24.3 100.0 decrease of 19% 
AWI2 42.3 29.5 100.0 48.0 29.5 100.0 23.4 22.1 100.0 decrease of 19% 
Native ELC Riparian3 23.5 26.9 100.0 27.8 29.8 100.0 14.8 20.4 100.0 decrease of 9% 

Notes: 1. Native ELC values do not include ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 2. AWI values do not include Upland or ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 3. Native ELC Riparian values do not include Non-riparian areas and ELC Anthropogenic, Cutblock or Regenerating Cutblock. 
 4. Mean of percentage of patch edge adjacent to anthropogenic disturbance is calculated by dividing the sum of patch Edge Contrast values of a landscape by the number of patches of a landscape. 
 5. Standard deviation of percentage of patch edge adjacent to anthropogenic disturbance equals the square root of the sum of standard deviations of each patch Edge Contrast of a landscape from the Mean of 

percentage of patch edge adjacent to anthropogenic disturbance of the landscape divided by the number of patches of the landscape. 
 6. Range of percentage of patch edge adjacent to anthropogenic disturbance is calculated by subtracting the smallest patch Edge Contrast from the largest patch Edge Contrast within a landscape. 
 7. Change is the difference in mean percentage of patch edge adjacent to anthropogenic disturbance between the Baseline Case and the closure phase of the Application Case. 
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1.6.1.8 Residual Effects of Introduction and Colonization of Weeds and Non-Native 
Invasive Species 

In general, invasive species are most prevalent where the ground has been disturbed by anthropogenic 
activity. During the field surveys, any weedy or non-native invasive species encountered were noted and 
their density/distribution was recorded. No Prohibited Noxious weeds were observed within the LSA 
during 2010 and 2011 field surveys. Four Noxious weeds (common tansy, common toadflax, creeping 
[Canada] thistle and sow-thistle species), were observed in a few locations within the LSA (Figure 1A-19). 
Non-native and invasive plants were more frequently observed associated with existing cutblocks or other 
anthropogenic disturbances. However, the abundance of weedy species was generally observed to be 
low.  

Mitigative measures outlined in Section 1.6.1.1 of this report are effective industry standard measures to 
reduce the potential for the introduction and spread of weeds. These measures will be implemented 
during both construction and operation of the Project for all of the Project components. Site-specific 
vegetation surveys will be included in the PDAs for each Project component. During the PDAs, if any 
infestations of weeds or non-native invasive plants are observed on or adjacent to the areas to be 
disturbed, site-specific mitigation will be developed. 

Summary 
The potential residual effect of loss or alteration of native vegetation communities as a result of the 
introduction and colonization of weeds and non-native invasive species is considered to have a negative 
impact balance. The residual effect is considered to be of low magnitude due to the low levels of pre-
existing weedy species as well as the proven mitigation, which will be applied prior to the closure phase. 
The effect is anticipated to be of long-term duration since there is potential for weeds to be introduced or 
spread throughout construction, operation and, depending on the size/species of the weed occurrence, 
could extend into the reclamation phase. In addition, the residual effect is of high probability and 
reversible. Consequently, the potential residual effect of the Project construction and operation activities 
on introduction and colonization of weeds and non-native invasive species in the LSA is not significant for 
the Application Case at the closure phase (Table 1.6-13). 

1.6.2 Loss or Alteration of Rare Ecological Communities or Rare Plant Populations 
The potential direct and indirect effects on rare ecological communities or rare plant populations were 
previously described in Section 1.3.4. The potential residual effect is a direct loss of rare ecological 
communities and rare plant populations.  

Mitigation that will be implemented to minimize loss or alteration of rare ecological communities and rare 
plant populations is discussed below. The following subsections describe the potential residual effects of 
loss or alteration of the identified indicators (i.e., rare ecological communities and rare plant populations). 
Incremental effects on these indicators are described by a combination of quantitative and qualitative 
information for the Baseline Case conditions and incremental Project effects. Residual effects after 
mitigation at closure phase are identified and evaluated for significance. 

1.6.2.1 Mitigation 
Recommended mitigative measures are intended to eliminate or minimize potential Project-related 
impacts to occurrences of rare ecological communities and rare plant species observed within the Project 
Area. The appropriate mitigative measures will be determined following an assessment, which will take 
into account the following: 

• population size and abundance of the plant in the local area; 

• the relative rarity of the plant; 

• requirements or recommendations based on consultation with regulators (particularly for SARA listed 
species); 

• the growth form of the plant (e.g., annual, biennial, perennial, aquatic, tree, shrub, nonvascular); 

• construction activity timing; 
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• the location of the population or plant with respect to the proposed disturbance; 

• the primary mode of species reproduction (e.g., spores, seeds, rhizomes, suckering/spreading, 
vegetative propagules); 

• the mode and magnitude of seed/spore dispersal; 

• the proportion of the population expected to be impacted, prior to mitigation; 

• the habitat preferences of the plant; 

• the proximity of available habitat (based on similarity of habitats to the habitat of the rare plant 
occurrence); 

• expected or known sensitivity or resilience to disturbance of the plant; 

• past mitigation success of the species or similar species; and 

• expected or known population viability/sustainability (both pre-construction and post-construction). 

Although the above considerations are related to rare plant populations a similar assessment will be 
carried out for rare ecological communities.  

Mitigative measures for rare plant populations and rare ecological communities generally fall into 
categories of avoidance, (e.g., relocating footprint or temporary workspace, re-routing of multi-use 
corridors, re-orienting or narrowing workspace), reducing disturbance (e.g., adjusting workspaces, 
ramping/matting over) and alternative construction/reclamation techniques (e.g., salvaging seed or sod, 
plant propagation, transplanting, separate topsoil salvage, delay clearing, access management). These 
types of mitigative measures have been used previously on other major construction projects with good 
success.  

In accordance with the spirit and intent of the Environmental Assessment Best Practice Guide for Wildlife 
at Risk in Canada (Canadian Wildlife Service 2004), TERA has developed site-specific mitigative 
measures for all currently known occurrences of rare ecological communities and rare plant species 
observed on the Project Area. This mitigation was developed by considering the factors listed above and 
following the same guidance as presented in the contingency plan. Table 1.6-9 details the site-specific 
details and the recommended mitigation for each of the observed rare plant occurrences. No rare 
ecological communities intersecting with the Project Area were observed during the 2010 and 2011 rare 
plant surveys. 

Since the entire proposed Project Area was not surveyed during the rare ecological community and rare 
plant surveys conducted during 2010 and 2011, Project Area specific rare ecological community and rare 
plant surveys will be included in the PDAs for each Project component. If any rare ecological communities 
or rare plant populations are observed on the proposed Project Area during the PDAs, mitigation will be 
developed according to the Rare Ecological Community and Rare Plant Population Discovery 
Contingency Plan (Appendix 1B). 

Protection measures and environmental management techniques for vegetation species of concern will 
be based on site-specific conditions and species sensitivity criteria (as described above). Final decisions 
on mitigative measures will be made by BlackPearl in consultation with vegetation specialists, and where 
appropriate, the land authority. Based on site-specific conditions observed during the PDAs, TERA may 
recommend that post-construction monitoring be conducted for some rare ecological communities or rare 
plant populations following construction and clean-up activities. If issues related to rare ecological 
communities, rare plants or plant species of special concern remain unresolved, additional monitoring 
may be recommended since population viability and mitigation success may be difficult to determine in 
the short-term (particularly due to annual climatic fluctuations). If threats to the population are identified, 
then site-specific remedial measures may be recommended. These remedial measures could include 
repair of flagging/fencing, spot weed control, erosion control, adjustments to surrounding areas to ensure 
that existing drainage patterns and moisture regimen are maintained or additional plant 
propagation/transplanting. 

  



 

TABLE 1.6-9 
 

SITE SPECIFIC MITIGATION FOR OBSERVED RARE PLANT POPULATIONS 

Common Name 
(rank)1 

Scientific 
Name 

Legal 
Location 

(W4M) Plot ID 
Abundance and 

Distribution2 
Relation to 

Project Area Discussion Mitigation Measures3 
UTM(s) Zone 
12U NAD 83 

alder-leaved 
buckthorn  

(S3 / Sensitive) 

Rhamnus 
alnifolia 

4-25-76-18 37 Less than 5% cover 
throughout h1/STNN 
vegetation 
community that 
extends off the 
Project Area. 

On proposed 
Project Area. 
Located on the east 
side of a proposed 
well pad adjacent to 
a proposed 
multiuse corridor. 

This is one of three populations of 
alder-leaved buckthorn observed 
within and near the LSA. This is the 
only population of alder-leaved 
buckthorn observed on the Project 
Area. Observed within h1/STNN. 
A known future cutblock will impact 
this population. 

Where topsoil is to be salvaged, a rare plant 
specialist will transplant some of the impacted 
plants to suitable habitat off the Project Area 
prior to construction during PDAs.  

395033E 
6163924N 

Anastrophyllum 
liverwort 

(S2) 
 

Anastrophyllum 
helleranum 

 

8-11-77-18 27 2 cm x 2 cm area on 
decorticated log  
(Collection #7180) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of five populations of 
Anastrophyllum liverwort observed 
within and near the LSA. This is the 
only population of Anastrophyllum 
liverwort observed on the Project 
Area. There is an additional sub-
population of this population (9-11-
77-18 W4M) on the Project Area and 
an additional sub-population of this 
population (1-11-77-18 W4M) off of 
the Project Area. Observed within f3. 
A known future cutblock will impact 
this population. An additional 
population of Anastrophyllum 
liverwort, located off of the Project 
Area, will be impacted by a known 
future cutblock. 

Relocate a portion of the log to a receiving site 
in a suitable habitat. Potential receiving sites 
will be located during PDAs. Moving of the host 
material can occur during clearing or prior to 
construction with a rare plant specialist present. 

394769E 
6169177N 

9-11-77-18 35 On decorticated log  
(Collection #7178) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of five populations of 
Anastrophyllum liverwort observed 
within and near the LSA. This is the 
only population of Anastrophyllum 
liverwort populations observed on the 
Project Area. There is an additional 
sub-population of this population (8-
11-77-18 W4M) on the Project Area 
and an additional sub-population of 
this population (1-11-77-18 W4M) off 
of the Project Area. Observed within 
h1/STNN. 
A known future cutblock will impact 
this population. An additional 
population of Anastrophyllum 
liverwort, located off of the Project 
Area, will be impacted by a known 
future cutblock. 

394766E 
6169263N 
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TABLE 1.6-9  Cont'd 

Common Name 
(rank)1 

Scientific 
Name 

Legal 
Location 

(W4M) Plot ID 
Abundance and 

Distribution2 
Relation to 

Project Area Discussion Mitigation Measures3 
UTM(s) Zone 
12U NAD 83 

bog adder's-mouth 
(S1 / May Be At 

Risk) 

Malaxis 
paludosa 

3-25-76-18 75 13 plants in 4 
patches on mossy 
hummocks. Patches 
vary in size between 
3 cm x 10 cm and 
1.5 m x 10 cm. 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(southeast corner). 

This is one of two populations of bog 
adder’s-mouth observed within and 
near the LSA. This is the only 
population of bog adder’s-mouth 
observed on the Project Area. 
Observed within j1/FTNN. 

Fence and avoid the population, if feasible, by 
narrowing the area of disturbance for the well 
pad. 
If avoidance of the population is not feasible, 
use a large bucket backhoe to transplant the 
population and associated species to suitable 
habitat off the Project Area prior to construction 
with a rare plant specialist present. Potential 
receiving sites will be located during PDAs. 

Four patches 
located at 
395170E 

6163810N; 
395172E 

6163721N; 
395179E 

6163725N; 
and 395183E 
6163750N. 

Calicium lichen 
(SNR) 

Calicium 
adaequatum 

4-25-76-18 37 On river alder 
(Collection #7360) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of eight populations of 
Calicium lichen observed within and 
near the LSA. This is the only 
population of Calicium lichen 
observed on the Project Area. 
Observed within h1/STNN. 
A known future cutblock will impact 
this population. An additional 
population of Calicium lichen, located 
off of the Project Area, will be 
impacted by a known future cutblock. 

Relocate a portion of the branches this 
population occurs on to a receiving site in a 
suitable habitat prior to construction. A rare 
plant specialist will move the host material 
during the PDA during the growing season prior 
to construction. 

395032E 
6163924N 

Calypogeia 
liverwort 

(S1) 

Calypogeia 
suecica 

4-25-76-18 37 Decorticated log 
(Collection # 7357) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is the only population of 
Calypogeia liverwort observed within 
and near the LSA. Observed within 
h1/STNN. 
A known future cutblock will impact 
this population. 

It is anticipated that it will not be feasible to alter 
the site of this well pad in order to avoid this 
location. 
 
If avoidance is not feasible, relocate a portion of 
the log to a receiving site in a suitable habitat. 
Potential receiving sites will be located during 
PDAs. Moving of the host material can occur 
during clearing or prior to construction with a 
rare plant specialist present. 

395032E 
6163924N 

fishbone beard 
lichen 

(S3 / Sensitive) 

Usnea 
filipendula 

2-25-76-18 8 On a tree snag  
(Collection #3007) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of two populations of 
fishbone beard lichen observed within 
and near the LSA. This is the only 
population of fishbone beard lichen 
observed on the Project Area. 
Observed within d2. 
A known future cutblock will impact 
this population. 

If feasible, relocate a portion of the snag to a 
receiving site in a suitable habitat. Potential 
receiving sites will be located during PDAs. 
Moving of the host material can occur during 
clearing or prior to construction with a rare plant 
specialist present. 
However, if it is not feasible to relocate a portion 
of the host snag then it is recommended that 
bark disk transplants be utilized. 

395707E 
6163564N 
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Common Name 
(rank)1 

Scientific 
Name 

Legal 
Location 

(W4M) Plot ID 
Abundance and 

Distribution2 
Relation to 

Project Area Discussion Mitigation Measures3 
UTM(s) Zone 
12U NAD 83 

golden saxifrage  
(S3? / Sensitive) 

Chrysosplenium 
iowense 

3-31-76-17 132 20 to 50 plants in a 
35 m x 1 m area 
along a drainage. 

On proposed 
Project Area. 
Located on a 
proposed multiuse 
corridor. 

This is 1 of 15 populations of golden 
saxifrage observed within and near 
the LSA. This is the only population 
of golden saxifrage observed on the 
Project Area. There are two 
additional sub-population of this 
population (6 and 7-31-76-17 W4M) 
located off of the Project Area. 
Observed within f3/STNN with 
snakeskin liverwort. 
Five additional populations of golden 
saxifrage, located off of the Project 
Area, will be impacted by known 
future cutblocks. 
TERA has previously documented 
golden saxifrage colonizing an 
Alliance Pipeline right-of-way 
following construction (Alliance 
Pipeline Limited Partnership 2002). 
TERA has also observed golden 
saxifrage recolonizing disturbance at 
a variety of locations since this 
documented occurrence. It is 
anticipated that the species will 
recolonize the multi-use corridor 
following construction, providing 
preconstruction contours at the site 
are restored and flow is maintained 
through a culvert. 

Install a culvert at the drainage during site 
preparation of the access road. Minimize 
alteration of natural drainage patterns by 
aligning culverts with the drainage. 
 
Restore preconstruction contours as soon as 
practical post-construction. 
 
During construction of above ground pipelines 
or transmission lines, minimize travel off the 
access road at this location to the extent 
practical.  
 
Recontour drainage bed and banks to 
preconstruction conditions.  

From 
397534E 

6165297N to 
396835E 

6165354N. 

lustrous beard 
lichen 

(S3 / Sensitive) 

Usnea glabrata 2-25-76-18 8 On a tree snag  
(Collection #3007) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of seven populations of 
lustrous beard lichen observed within 
and near the LSA. This is the only 
population of lustrous beard lichen 
observed on the Project Area. 
Observed within d2. 
A known future cutblock will impact 
this population. 

If feasible, relocate a portion of the snag to a 
receiving site in a suitable habitat. Potential 
receiving sites will be located during PDAs. 
Moving of the host material can occur during 
clearing or prior to construction with a rare plant 
specialist present. 
However, if it is not feasible to relocate a portion 
of the host snag then it is recommended that 
bark disk transplants be utilized. 

395695E 
6163561N 

many-spored 
camoflage lichen 

(S2S4 / 
Undetermined) 

Melanohalea 
multispora 

4-25-76-18 37 On river alder 
(Collection #7359) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of two populations of 
many-spored camoflage lichen 
observed within and near the LSA. 
This is the only population of many-
spored camoflage lichen observed on 
the Project Area. Observed within 
h1/STNN. 
A known future cutblock will impact 
this population. 

Relocate a portion of the branches this 
population occurs on to a receiving site in a 
suitable habitat prior to construction. A rare 
plant specialist will move the host material 
during the PDA during the growing season prior 
to construction. 

395032E 
6163924N 
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Common Name 
(rank)1 

Scientific 
Name 

Legal 
Location 

(W4M) Plot ID 
Abundance and 

Distribution2 
Relation to 

Project Area Discussion Mitigation Measures3 
UTM(s) Zone 
12U NAD 83 

naked kidney 
lichen 

(S2 / Secure) 

Nephroma 
bellum 

9-11-77-18 35 On dead aspen 
(Collection #7165) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of five populations of 
naked kidney lichen observed within 
and near the LSA. This is the only 
population of naked kidney lichen 
observed on the Project Area. 
Observed within h1/STNN. 
A known future cutblock will impact 
this population. Two additional 
populations of naked kidney lichen, 
located off of the Project Area, will be 
impacted by known future cutblocks. 

If feasible, relocate a portion of the dead tree to 
a receiving site in a suitable habitat. Potential 
receiving sites will be located during PDAs. 
Moving of the host material can occur during 
clearing or prior to construction with a rare plant 
specialist present. 
However, if it is not feasible to relocate a portion 
of the host tree then it is recommended that 
bark disk transplants be utilized. 

394766E 
6169263N 

northern beech 
fern 

(S2 / May Be At 
Risk) 

Phegopteris 
connectilis 

4-30-76-17 111 About 1,000 plants 
in 7 patches. 
Patches range in 
size from 1 m x 1 m 
to 15 m x 15 m. This 
population extends 
off of the Project 
Area for at least 
12 m. 

On proposed 
Project Area. 
Located on a 
proposed multi-use 
corridor and a 
proposed well pad 
(south side). 

This is one of two populations of 
northern beech fern observed within 
and near the LSA. This is the only 
population of northern beech fern 
observed on the Project Area. 
Observed within e2. 

The location of the population in relation to the 
planned developments will be confirmed during 
the PDA for this site. 
 

Fence and avoid the portion of the population 
on the proposed well pad, if feasible, by 
reducing or re-arranging the workspace. 
 

If avoidance of the portion of the population on 
the proposed well pad is not feasible or if a 
portion of the population is located on a 
proposed access road, use a large bucket 
backhoe to transplant the population and 
associated species to suitable habitat off the 
Project Area prior to construction with a rare 
plant specialist present. 
 

During construction of above ground pipelines 
or transmission lines, minimize travel off the 
access road at this location to the extent 
practical. When travel off of the access road is 
required, construct a temporary travel surface 
using one of the following options: a) in frozen 
conditions, snow; b) in wet areas or areas that 
will undergo freezing and thawing during 
construction, mat over. 
 

If construction of below ground pipelines is 
required at this location, salvage topsoil from 
the trench and areas where grading is 
necessary (for safe and level workspace). 
Salvage topsoil to a depth of 15 cm and 
separate topsoil from other spoil piles and 
identify by labelled stakes or flags. Recontour 
drainage bed and banks to preconstruction 
conditions. Redistribute salvaged topsoil over 
the right-of-way at the location from which it 
was salvaged. 

Patch from 
396599E 

6163826N to 
396545E 

6163825N to 
369574E 

6163376N to 
396584E 
6163841. 
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peg lichen 
(S1?) 

Cladonia 
subcariosa 

7-24-76-18 147 In moss on a soft 
stump  
(Collection #1111) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(northeast corner). 

This is the only population of peg 
lichen observed within and near the 
LSA. Observed within e3. 

Fence and avoid the portion of the population 
on the proposed well pad, by reducing or re-
arranging the workspace. 

395852E 
6162370N 

pepper-spore 
lichen 
(S1) 

Rinodina freyi 4-25-76-18 37 On river alder 
(Collection #7360) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of eight populations of 
pepper-spore lichen observed within 
and near the LSA. This is the only 
population of pepper-spore lichen 
observed on the Project Area. 
Observed within h1/STNN. 
A known future cutblock will impact 
this population. An additional 
population of pepper-spore lichen, 
located off of the Project Area, will be 
impacted by a known future cutblock. 

Relocate a portion of the branches this 
population occurs on to a receiving site in a 
suitable habitat prior to construction. A rare 
plant specialist will move the host material 
during the PDA during the growing season prior 
to construction. 

395032E 
6163924N 

powdered fringed 
lichen 

(S2 / May Be At 
Risk) 

Heterodermia 
speciosa 

2-25-76-18 8 On a tree snag  
(Collection #3007) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of three populations of 
powdered fringed lichen observed 
within and near the LSA. This is the 
only population of powdered fringed 
lichen observed on the Project Area. 
Observed within d2. 
A known future cutblock will impact 
this population. The other two 
populations of powdered fringed 
lichen, located off of the Project Area, 
will be impacted by known future 
cutblocks. 

If feasible, relocate a portion of the snag to a 
receiving site in a suitable habitat. Potential 
receiving sites will be located during PDAs. 
Moving of the host material can occur during 
clearing or prior to construction with a rare plant 
specialist present. 
However, if it is not feasible to relocate a portion 
of the host snag then it is recommended that 
bark disk transplants be utilized. 

395707E 
6163564N 

Riccardia liverwort 
(S1) 

Riccardia 
palmata 

8-11-77-18 27 2 cm x 2 cm on one 
decorticated log  
(Collection #7180) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of eight populations of 
Riccardia liverwort observed within 
and near the LSA. This is the only 
population of Riccardia liverwort 
observed on the Project Area. There 
is an additional sub-population of this 
population (9-11-77-18 W4M) located 
on the Project Area and an additional 
sub-population of this population (1-
11-77-18 W4M) located off of the 
Project Area. Observed within f3. 
A known future cutblock will impact 
this population. Two additional 
populations of Riccardia liverwort, 
located off of the project area, will be 
impacted by known future cutblocks. 

It is anticipated that it will not be feasible to alter 
the site of this borrow pit in order to avoid this 
location. 
 
Relocate a portion of the log to a receiving site 
in a suitable habitat. Potential receiving sites 
will be located during PDAs. Moving of the host 
material can occur during clearing or prior to 
construction with a rare plant specialist present. 

394769E 
6169177N 
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Riccardia liverwort 
(S1) 

Riccardia 
palmata 

9-11-77-18 35 2 patches of 1 cm x 
1.5 cm and 2 cm x 
1.5 cm on a 
decorticated log  
(Collection #7172) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of eight populations of 
Riccardia liverwort observed within 
and near the LSA. This is the only 
population of Riccardia liverwort 
observed on the Project Area. There 
is an additional sub-population of this 
population (8-11-77-18 W4M) located 
on the Project Area and an additional 
sub-population of this population (1-
11-77-18 W4M) located off of the 
Project Area. Observed within 
h1/STNN. 
A known future cutblock will impact 
this population. Two additional 
populations of Riccardia liverwort, 
located off of the Project Area, will be 
impacted by known future cutblocks. 

It is anticipated that it will not be feasible to alter 
the site of this borrow pit in order to avoid this 
location. 
 
Relocate a portion of the log to a receiving site 
in a suitable habitat. Potential receiving sites 
will be located during PDAs. Moving of the host 
material can occur during clearing or prior to 
construction with a rare plant specialist present. 

394766E 
6169263N 

rock ramalina 
(S2 / May Be At 

Risk) 

Ramalina 
intermedia 

9-11-77-18 35 On dead aspen  
(Collection # 7166) 

On proposed 
Project Area. 
Located within a 
proposed borrow pit 
(middle). 

This is one of two populations of rock 
ramalina observed within and near 
the LSA. This is the only population 
of rock ramalina observed on the 
Project Area. Observed within 
h1/STNN. 
A known future cutblock will impact 
this population. 

If feasible, relocate a portion of the dead tree to 
a receiving site in a suitable habitat. Potential 
receiving sites will be located during PDAs. 
Moving of the host material can occur during 
clearing or prior to construction with a rare plant 
specialist present. 
However, if it is not feasible to relocate a portion 
of the host tree then it is recommended that 
bark disk transplants be utilized. 

394766E 
6169263N 

snakeskin liverwort  
(S2) 

Conocephalum 
conicum 

3-31-76-17 132 50 thalli in a 60 m x 
1 m area along a 
drainage. 

On proposed 
Project Area. 
Located on a 
proposed multiuse 
corridor. 

This is one of eight populations of 
snakeskin liverwort observed within 
and near the LSA. This is one of two 
populations observed on the Project 
Area. There are three additional sub-
population of this population (2, 6 and 
7-31-76-17 W4M) located off of the 
Project Area. Observed within 
f3/STNN with golden saxifrage. 
Two additional populations of 
snakeskin liverwort, one located off of 
the Project Area, will be impacted by 
known future cutblocks. 

Apply the same mitigation recommended for 
golden saxifrage at Plot ID 132. 

From 
396835E 

6165354N to 
396867E 

6165329N. 

 
 
 



 

 
 
 

Page 1-58

TABLE 1.6-9  Cont'd 

Common Name 
(rank)1 

Scientific 
Name 

Legal 
Location 

(W4M) Plot ID 
Abundance and 

Distribution2 
Relation to 

Project Area Discussion Mitigation Measures3 
UTM(s) Zone 
12U NAD 83 

snakeskin liverwort 
(S2) 

Conocephalum 
conicum 

9-36-76-18 85 50 thalli in a shrub 
swamp 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(southeast corner) 
and adjacent to a 
proposed multiuse 
corridor. 

This is one of eight populations of 
snakeskin liverwort observed within 
and near the LSA. This is one of two 
populations observed on the Project 
Area. Observed within Shrubby 
Wetland/SONS. 
A known future cutblock will impact 
this population. An additional 
population of snakeskin liverwort, 
located off of the Project Area, will be 
impacted by a known future cutblock. 

Fence and avoid the portion of the population 
on the proposed well pad, if feasible, by 
narrowing the area of disturbance for the well 
pad. 
If avoidance of the portion of the population on 
the proposed well pad is not feasible, re-direct 
seasonal surface flow of water around the lease 
site to ensure that drainage patterns and 
moisture regimen is maintained. 

396294E 
6166219N 

Stenocybe lichen 
(S2S4) 

Stenocybe 
pullatula 

4-25-76-18 37 On river alder 
(Collection #7360) 

On proposed 
Project Area. 
Located within a 
proposed well pad 
(middle). 

This is one of ten populations of 
Stenocybe lichen observed within or 
near the LSA. This is the only 
population of Stenocybe lichen 
observed on the Project Area. 
Observed within h1/STNN. 
A known future cutblock will impact 
this population. An additional 
population of Stenocybe lichen, 
located off of the Project Area, will be 
impacted by a known future cutblock. 

Relocate a portion of the branches this 
population occurs on to a receiving site in a 
suitable habitat prior to construction. A rare 
plant specialist will move the host material 
during the PDA during the growing season prior 
to construction. 

395032E 
6163924N 

tall blue lettuce  
(S2 / May Be At 

Risk) 

Lactuca biennis 10-25-76-18 6 5 individuals in a 
10 m x 10 m area 

On proposed 
Project Area. 
Located on a 
proposed multiuse 
corridor. 

This is one of two populations of tall 
blue lettuce observed within and near 
the LSA. This is the only population 
of tall blue lettuce observed on the 
Project Area. Observed within 
Meadow. 

Fence and avoid the portion of the population 
off the proposed multi-use corridor. 
Transplant or salvage seed from the portion of 
the population that is on the Project Area, 
based on life stage at time of construction. 
Potential receiving sites will be located during 
PDAs. The transplanted individuals or salvaged 
seed will be planted in a suitable habitat prior to 
construction with a rare plant specialist present. 

395918E 
6164658N 

Notes:  1. Definitions of rarity ranks are included in the footnotes of the Appendices. Species on the List of Tracked and Watched Elements (ACIMS 2011c) have S-ranks in bold text. 
 2. Populations may be made up of multiple sub-populations, all within 1 km of each other. 
 3. Suitable transplant locations will be located in areas that will remain undisturbed for the duration of the Project. 
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1.6.2.2 Residual Effects of Loss or Alteration of Rare Ecological Communities 

Loss or alteration of rare ecological communities through direct effects of the Project on ELCs with 
greater potential to support rare ecological communities and on observed rare ecological communities 
has been quantitatively assessed. 

Loss of ELCs with greater (i.e., high to moderate) potential to support rare ecological communities (high-
potential ELC) as a direct result of the Project has been quantitatively assessed within the LSA. 
Table 1.6-10 details the ELCs with greater potential to support rare ecological communities and the area 
and relative abundance of each ELC with greater potential to support rare ecological communities within 
the LSA at Baseline Case and Application Case at closure phase. Figure 1.6-7 shows the predicted 
distribution of ELCs with greater potential to support rare ecological communities within the LSA at 
closure phase.  

Loss of observed rare and uncommon ecological communities as a direct result of the Project within and 
near the LSA has been quantitatively assessed. Table 1.6-11 details the observed rare and uncommon 
ecological communities, their relation to the Project Area and their change in area due to the Project at 
closure phase.  

By quantifying the effect of the Project on areas with the greatest potential to support rare ecological 
communities, an indication of potential impacts to rare ecological communities can be inferred. However, 
since these are not areas of confirmed rare ecological communities, the number of hectares to be 
disturbed should only be viewed as potential impacts. This indicator, combined with an understanding of 
impacts to observed rare and uncommon ecological communities (Table 1.6-11), allows for an 
assessment of potential impacts to rare ecological communities. Residual effects to rare ecological 
communities observed during the PDAs will be reduced by implementing the mitigation measures outlined 
in Section 1.6.1 and the Rare Ecological Community and Rare Plant Population Discovery Contingency 
Plan (Appendix 1B). 

At the LSA scale, forested upland high-potential ELCs will be directly affected by the Project. At operation 
phase, most forested upland high-potential ELCs will experience reductions in overall abundance due to 
clearing, with the exception of b3 (Table 1.6-10). At closure phase, all forested upland high-potential 
ELCs are predicted to be present at higher proportions relative to Baseline Case except b3, which is 
predicted to remain constant. The predicted increase in forested upland high-potential ELCs is due to 
existing disturbances on the Project Area being reclaimed, reforestation of Cutblocks and Regenerating 
Cutblocks, and the creation of upland areas (specifically h1) within deep peatlands as a result of Project 
reclamation.  

At the LSA scale, wetland high-potential ELCs will be directly affected by the Project. At operation phase, 
all wetland high-potential ELCs, except for l1, will experience reductions in overall abundance due to 
clearing (Table 1.6-10). At closure phase, most wetland high-potential ELCs will be reclaimed to higher 
proportions relative to Baseline Case except j1 and Shrubby Wetland, which are predicted to decline. The 
predicted increases in wetland high-potential ELCs are due to existing baseline disturbances on the 
Project Area being reclaimed and the creation of new wetland areas (specifically l1) within upland areas. 
The predicted 12.7% loss in area of j1 at closure phase is due largely to reclamation of disturbed j1 areas 
to an earlier successional (i.e., j2) ELC, and, therefore is expected to be reversible in the long-term. The 
predicted 0.2% loss in area of Shrubby Wetland at closure phase is due to small areas of predicted 
topography changes (i.e., well pads) being converted to upland habitats. 

Some wetland high-potential ELCs will be reduced in area at closure phase, therefore, although no 
observed rare and uncommon ecological communities will be directly impacted by the Project 
(Table 1.6-11), wetland rare and uncommon ecological communities are assumed to be most at risk for 
residual effects. Residual effects to rare ecological communities observed during the PDAs will be 
reduced by developing site and community-specific mitigation based on the mitigation measures outlined 
in Section 1.6.1 and the Rare Ecological Community and Rare Plant Population Discovery Contingency 
Plan (Appendix 1B). Specific to rare and uncommon communities that are reliant on particular surficial 
hydrological conditions (i.e., wetland obligate communities), care will be taken to ensure hydrology up and 
downstream of the observed communities is monitored the year following construction to ensure that 
hydrologic conditions favourable to the continued presence of the communities have been maintained.  



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-60 
 
 

Summary 
The potential residual effect of a loss or alteration of rare and uncommon ecological communities is 
considered to have a negative impact balance. The residual effect is considered to be of medium 
magnitude due to the expectation that rare ecological community abundance and distribution will differ 
measurably from baseline conditions, and of long-term duration since the alteration of rare ecological 
communities will extend into the closure phase and potentially beyond, depending on the community. In 
addition, the residual effect is of low probability and reversible to permanent depending on the Project 
component. Consequently, the potential residual effect of the Project construction activities on rare 
ecological communities in the LSA is not significant for the Application Case at closure phase 
(Table 1.6-13). 
  



 

TABLE 1.6-10 
 

CHANGE IN ELC WITH HIGH TO MODERATE POTENTIAL TO SUPPORT RARE ECOLOGICAL COMMUNITIES FROM BASELINE TO 
APPLICATION CASE IN THE LSA 

ELC 
Ranked 

Potential 
Baseline Case 

Application Case 
Operation Phase Closure Phase Change 

Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) % Cover Total Area (ha) %1 
Forested Upland 
b3 - blueberry Aw-Sw high 4.2 0.1 4.2 0.1 4.2 0.1 0.0 0.0 
d1 - low-bush cranberry Aw high 527.8 8.6 389.2 6.3 590.1 9.6 62.3 11.8 
e1 - dogwood Pb-Aw high 183.2 3.0 145.0 2.4 183.5 3.0 0.3 0.2 
e2 - dogwood Pb-Sw moderate 265.2 4.3 225.2 3.7 764.3 12.5 499.1 188.2 
f1 - horsetail Pb-Aw high 27.5 0.5 22.9 0.4 77.4 1.3 49.9 181.5 
f2 - horsetail Pb-Sw high 38.7 0.6 30.0 0.5 171.7 2.8 133.0 343.7 
h1 - Labrador tea/horsetail Sw-Sb moderate 391.0 6.4 328.1 5.3 615.8 10.0 224.8 57.5 
Wetland 
j1 - treed poor fen moderate 465.9 7.6 387.6 6.3 406.6 6.6 -59.3 -12.7 
j2 - shrubby poor fen moderate 19.8 0.3 18.4 0.3 36.5 0.6 16.7 84.3 
k2 - shrubby rich fen high 16.6 0.3 15.8 0.3 19.6 0.3 3.0 18.1 
k3 - graminoid rich fen high 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.9 
l1 – marsh high 12.1 0.2 12.1 0.2 19.1 0.3 7.0 57.9 
Shrubby Wetland* high 236.0 3.9 197.2 3.2 235.5 3.8 -0.5 -0.2 
Total 2,227.3 36.4 1,814.5 29.6 3,165.9 51.6 938.6 42.1 

Page 1-61

Notes: 1. Percent change is proportional to the vegetation community. 
 *  Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation community. 
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UTM Zone 12N:
Alberta Wetland Inventory: TERA Environmental Consultants 2012d; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c. May 2012

Ecological Land Classification

Shrubby Wetland

Vegetation Local 

Study Area (450 m)

Waterbody

Watercourse

Existing Blackrod Road

b3 - blueberry Aw-Sw

d1 - low-bush 
cranberry Aw

e1 - dogwood Pb-Aw

e2 - dogwood Pb-Sw

f1 - horsetail Pb-Aw

f2 - horsetail Pb-Sw

h1 - Labrador

tea/horsetail Sw-Sb

j1 - treed poor fen

j2 - shrubby poor fen

k2 - shrubby rich fen

k3 - graminoid rich fen

l1 - marsh
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TABLE 1.6-11 
 

OBSERVED RARE ECOLOGICAL COMMUNITY AND UNCOMMON ECOLOGICAL COMMUNITIES 
FOR BASELINE CASE AND APPLICATION CASE AT CLOSURE PHASE 

Common Name Scientific Name 
ACIMS 
Rank1 

# of 
Locations Site ID ELC / AWI Observed Change with Project 

river alder / 
ostrich fern 
shrubland 

Alnus incana ssp. 
tenuifolia / 
Matteuccia 
struthiopteris 

S2? 3 77 e3 These communities were 
observed during the baseline 
surveys and based on their 
predicted extent and the Project 
Area, it is not expected that the 
Project will have any impact on 
these communities. Therefore, 
there will not be any change to 
these communities at the 
Application Case and Closure 
Phase (as a result of the 
Project). 

102 Shrubby Wetland/SONS 
103 Shrubby Wetland/SONS 

awl-fruited sedge 
– water sedge 
marly fen 

Carex stipata – 
Carex aquatilis 

Not tracked 1 143 k2/FONS 

mud sedge - 
scheuchzeria / 
peat moss fen 

Carex limosa – 
Scheuchzeria 
palustris / 
Sphagnum 
angustifolium 

Not tracked 1 109 k3/FONG 

Note: 1 Definitions of rarity ranks are included in the footnotes of the Appendices. Communities tracked by ACIMS (Allen 2011) have S ranks in bold text. 
 

1.6.2.3 Residual Effects of Loss or Alteration of Rare Plant Populations 

Loss or alteration of rare plant populations through direct effects of the Project on ELCs with greater 
potential to support rare plant populations and on observed rare plant populations has been quantitatively 
assessed. 

Loss of ELCs with greater (i.e., high to moderate) potential to support rare vascular plants (high-potential 
ELCs) as a direct result of the Project has been quantitatively assessed within the LSA. As discussed in 
the Vegetation Baseline Report (Appendix 1A), rare nonvascular plants are not included in the 
determination of high potential ELCs since a modified Alberta Biodiversity Monitoring Program (ABMP) 
(Doubt and Belland 2000, ABMP 2006a,b, ABMI 2010) list of priority habitats for nonvascular species 
(Attachment 1A3) was used as opposed to Ecosite Phases. Table 1.6-12 details the ELCs with greater 
potential to support rare vascular plants and abundance of each ELC with greater potential to support 
rare vascular plants within the LSA at Baseline Case and Application Case at closure phase. Figure 1.6-8 
shows the predicted distribution of ELCs with greater potential to support rare vascular plants within the 
LSA at closure phase.  

Loss of observed rare plants, both vascular and nonvascular, as a direct result of the Project within and 
near the LSA has been qualitatively assessed.  

By quantifying the effect of the Project on areas with the greatest potential to support rare vascular plants, 
an indication of potential impacts to rare vascular plants can be inferred. However, since these are not 
areas of confirmed rare vascular plants, the number of hectares to be disturbed should only be viewed as 
potential impacts. This indicator, combined with an understanding of impacts to observed rare vascular 
plants (Table 1.6-9), allows for an assessment of potential impacts to rare vascular plant populations. 
Residual effects to rare vascular plant populations observed during the PDAs will be reduced by 
implementing the mitigation measures outlined in Section 1.6.1 and the Rare Ecological Community and 
Rare Plant Population Discovery Contingency Plan (Appendix 1B).  

At the LSA scale, forested upland high-potential ELCs will be directly affected by the Project. At operation 
phase, most forested upland high-potential ELCs will experience reductions in overall abundance due to 
clearing, with the exception of b3 (Table 1.6-12). At closure phase, all forested upland high-potential 
ELCs will be reclaimed to higher proportions relative to Baseline Case except b3, which is predicted to 
remain constant. The predicted increase in forested upland high-potential ELCs is due to existing 
baseline disturbances on the Project Area being reclaimed, reforestation of existing cutblocks and burns 
and the creation of upland areas (specifically g1 and h1) within deep peatlands. 

At the LSA scale, wetland and non-forested high-potential ELCs will be directly affected by the Project. At 
operation phase, two wetland and one non-forested high-potential ELCs (k3, Shrubby Wetland and 
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Meadow, respectively) will experience reductions in overall abundance due to clearing (Table 1.6-12). At 
closure phase, most wetland and non-forested high-potential ELCs will be reclaimed to higher proportions 
relative to baseline case except Shrubby Wetland, which is predicted to decline. The predicted increases 
in these high-potential ELCs are due to existing baseline disturbances on the Project Area being 
reclaimed and the creation of new wetland areas (specifically l1) within upland areas. The predicted 0.2% 
loss in area of Shrubby Wetland at closure phase is due to small areas of predicted topography changes 
(i.e., well pads) being converted to upland habitats. Residual effects to observed rare plants during the 
PDAs will be reduced by developing site and species-specific mitigation based on the mitigation 
measures outlined in Section 1.6.1 and the Rare Ecological Community and Rare Plant Population 
Discovery Contingency Plan (Appendix 1B). 

Table 1.6-9 details the observed rare plants, their relation to the Project Area and proposed mitigation to 
avoid and minimize interactions with the Project. Known future cutblocks were also considered in the 
determination of site-specific mitigation. In the event that additional rare plant populations are identified in 
the Project Area during the PDAs, the Rare Ecological Community and Rare Plant Population Discovery 
Contingency Plan (Appendix 1B) will be implemented. Based on the assessment of the rare plants with 
potential to be encountered during construction, the mitigative measures described in Section 1.6.1 and 
the Rare Ecological Community and Rare Plant Population Discovery Contingency Plan (Appendix 1B) 
are considered likely to be appropriate and applicable to the Project. However, if mitigative measures do 
not completely protect the site, a disturbance or alteration of a portion of the population may occur.  

Rare plant presence, abundance and diversity at closure phase are not readily predicted. However, given 
that most high-potential ELCs are predicted to increase in area at closure phase and that mitigation 
measures presented in Table 1.6-9 are expected to contribute to maintaining rare plant species 
biodiversity and propagule sources present at baseline conditions, it is reasonable to assume that overall 
rare plant presence, abundance and diversity will not decrease at closure phase due to Project impacts. 

Summary 
The potential residual effect of a loss or alteration of rare plant species is considered to have a negative 
impact balance. The residual effect is considered to be of medium magnitude due to the expectation that 
rare plant population and high-potential ELC abundance and distribution will differ measurably from 
baseline conditions, and of medium to long-term duration, depending on the species or ELC. In addition, 
the residual effect is of high probability and reversible. Consequently, the potential residual effect of the 
Project construction activities on rare plants in the LSA is not significant for the Application Case at 
closure phase (Table 1.6-13). 

  



 

TABLE 1.6-12 
 

CHANGE IN ELC WITH MODERATE TO HIGH POTENTIAL TO SUPPORT RARE VASCULAR PLANTS 
FROM BASELINE TO APPLICATION CASE IN THE LSA 

ELC 
Ranked 

Potential 

Baseline Case 
Application Case 

Operation Phase Closure Phase Change 
Total Area 

(ha) % Cover 
Total Area 

(ha) % Cover 
Total Area 

(ha) % Cover 
Total Area 

(ha) %1 
Forested Upland 
b3 - blueberry Aw-Sw moderate 4.2 0.1 4.2 0.1 4.2 0.1 0.0 0.0 
d1 - low-bush cranberry Aw moderate 527.8 8.6 389.2 6.3 590.1 9.6 62.3 11.8 
d2 - low-bush cranberry Aw-Sw moderate 155.9 2.5 110.6 1.8 617.8 10.1 461.9 296.3 
d3 - low-bush cranberry Sw moderate 130.8 2.1 111.1 1.8 433.1 7.1 302.3 231.1 
e1 - dogwood Pb-Aw high 183.2 3.0 145.0 2.4 183.5 3.0 0.3 0.2 
e2 - dogwood Pb-Sw high 265.2 4.3 225.2 3.7 764.3 12.5 499.1 188.2 
e3 - dogwood Sw high 224.9 3.7 198.2 3.2 296.7 4.8 71.8 31.9 
f1 - horsetail Pb-Aw high 27.5 0.5 22.9 0.4 77.4 1.3 49.9 181.5 
f2 - horsetail Pb-Sw high 38.7 0.6 30.0 0.5 171.7 2.8 133.0 343.7 
f3 - horsetail Sw high 117.1 1.9 88.6 1.4 281.8 4.6 164.7 140.6 
g1 - Labrador tea-subhygric Sb-Pj high 365.1 6.0 309.6 5.0 440.7 7.2 75.7 20.7 
h1 - Labrador tea/horsetail Sw-Sb high 391.0 6.4 328.1 5.3 615.8 10.0 224.8 57.5 
Wetland 
k3 - graminoid rich fen moderate 39.3 0.6 38.8 0.6 41.6 0.7 2.3 5.9 
l1 – marsh high 12.1 0.2 12.1 0.2 19.1 0.3 7.0 57.9 
Shrubby Wetland* high 236.0 3.9 197.2 3.2 235.5 3.8 -0.5 -0.2 
Non-Forested / Natural Disturbance 
Meadow* moderate 2.0 <0.1 1.8 <0.1 2.2 <0.1 0.2 10.0 
Total 2,720.8 44.4 2,212.6 35.9 4,775.5 77.9 2,054.7 75.5 

Page 1-65

Notes: 1. Percent change is proportional to the vegetation community. 
 *  Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation community. 
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UTM Zone 12N:
Alberta Wetland Inventory: TERA Environmental Consultants 2012d; 

Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c. May 2012

Ecological Land Classification

Shrubby Wetland

f3 - horsetail Sw

g1 - Labrador

tea-subhygric Sb-Pj

h1 - Labrador

tea/horsetail Sw-Sb

Meadow (upland with 
<6% tree cover and 
<25% shrub cover)

Vegetation Local 

Study Area (450 m)

Waterbody

Watercourse

Existing Blackrod Road

b3 - blueberry Aw-Sw

d1 - low-bush 
cranberry Aw

d2 - low-bush
cranberry Aw-Sw

d3 - low-bush
cranberry Sw

e1 - dogwood Pb-Aw

e2 - dogwood Pb-Sw

e3 - dogwood Sw

f1 - horsetail Pb-Aw

f2 - horsetail Pb-Sw

k3 - graminoid rich fen

l1 - marsh
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1.6.3 Application Case Summary of Residual Effects 

The closure phase extends beyond the completion of reclamation activities in 2050, and is assessed to 
evaluate residual effects after all facilities and infrastructure have been decommissioned and removed, 
and all applicable mitigation measures (e.g., reclamation) are implemented. The closure phase assumes 
all reclamation activities have been completed and successional trajectories have been established that 
will return sites to pre-disturbance vegetation communities or prescribed reclamation conditions (target 
end land use). Reversibility of the residual effect is not necessarily a return to baseline conditions (e.g., 
mature forest). For example, residual effects are considered to be reversed when native vegetation is 
regenerating such that successional trajectories have been established that will return sites to pre-
disturbance vegetation communities or prescribed reclamation conditions (target end land use). 
Table 1.6-13 summarizes the significance evaluation of residual effects on native vegetation indicators.  

TABLE 1.6-13 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON VEGETATION – 
APPLICATION CASE 
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1. Loss or Alteration of Native Vegetation 
(a)  Loss or Alteration of Native Vegetation 

Communities (ELC) 
Negative LSA Long-term Continuous Reversible - 

Permanent 
Medium High Moderate Not 

Significant 
(b)  Loss or Alteration of Wetlands (AWI) Negative LSA Long-term Continuous Reversible - 

Permanent 
Medium High Moderate Not 

Significant 
(c)  Loss or Alteration of Old Growth Forests 

(ELC) 
Negative LSA Long-term Continuous Reversible Medium High Moderate Not 

Significant 
(d)  Loss or Alteration of Riparian Areas 

(ELC) 
Negative LSA Long-term Continuous Reversible - 

Permanent 
Medium High Moderate Not 

Significant 
(e)  Loss or Alteration of Communities of 

Limited Distribution (ELC and AWI) 
Neutral LSA Long-term Continuous Reversible Medium High Moderate Not 

significant 
(f)  Increase in Habitat Fragmentation Negative LSA Long-term Continuous Permanent Low High Moderate Not 

Significant 
(g)  Introduction and Colonization of Weeds 

and Non-Native Invasive Species 
Negative LSA Long-term Continuous Reversible Low High High Not 

Significant 
2. Loss or Alteration of Rare Ecological Communities and Rare Plant Populations 
(a)  Loss or Alteration of Rare Ecological 

Communities 
Negative LSA Long-term Continuous Reversible - 

Permanent 
Medium Low Moderate Not 

Significant 
(b)  Loss or Alteration of Rare Plant 

Populations 
Negative LSA Medium - 

Long-term 
Continuous Reversible Medium High Moderate Not 

Significant 
 

1.7 Planned Development Case 

The PDC assessment considers the potential cumulative effects of baseline conditions, the Project and 
known future developments and evaluates these cumulative effects for significance using the criteria in 
Table 1.3-3. Inclusion lists of existing and known future developments are provided in the EIA Introduction 
and Assessment Methodology (Volume 2, Section 1.0). The known future developments identified within 
the RSA are limited to forestry (i.e., known future cutblocks). No new roads are proposed for future 
cutblocks since existing temporary and permanent roads will be utilized to access future forestry 
developments (i.e., proposed cutblocks). Assessment of the significance of cumulative residual effects 
was completed for the closure phase for each indicator based on a combination of quantitative and 
qualitative analysis of effects. 

The potential effects identified in the Application Case as being likely to have an effect (i.e., there is a 
high probability that the Project will interact with other developments to have a cumulative effect on the 
indicator) have been assessed for the PDC. The Application Case assessment identified adverse and 
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likely environmental effects for eight indicators for the Project (Table 1.6-13). The following indicators 
have the potential to interact with known future developments and experience residual cumulative effects: 

• Vegetation Communities; 

• Wetlands; 

• Old Growth Forests; 

• Riparian Areas; 

• Communities of Limited Distribution; 

• Habitat Fragmentation; and 

• Rare Plants. 

The remaining potential residual effect for the Project (specifically, loss or alteration of rare ecological 
communities) was assessed in the Application Case as being unlikely to occur and, therefore, was not 
assessed in the PDC.  

1.7.1 Loss or Alteration of Native Vegetation 

The potential effects to native vegetation which are expected to have measurable cumulative effects are: 
the direct loss of native vegetation; and the introduction and colonization of weeds and non-native 
invasive species. Increased dust will not be considered in the PDC assessment since there were no 
residual effects identified for this effect at the Application Case. 

The following subsections detail indicators of loss or alteration of native vegetation caused by the effects 
noted above. These indicators are described by a combination of quantitative and qualitative information. 
The cumulative residual effects at closure phase (i.e., after mitigation) are identified and evaluated for 
significance. 

1.7.1.1 Residual Effects of Loss or Alteration of Native Vegetation Communities 

Loss or alteration of native vegetation communities as a direct result of the interaction between existing 
disturbance, the Project and known future cutblocks has been quantitatively assessed within the RSA for 
vegetation communities classified using LCC. The broad categories that LCC are organized into are 
Forested Upland, Wetland and Water (forested wetlands, shrub dominated wetlands, open wetlands and 
water), Natural Disturbance (due to wildfire [ASRD 2011b]), Anthropogenic Disturbance (shrubland, 
grassland and non-vegetated) and Unclassifiable (due to shadow, cloud or no data) for ease of 
comparison. Table 1.7-1 lists the LCCs and area and relative abundance of each LCC within the RSA at 
Baseline Case, Application Case operation phase and PDC operation and closure phases. Figure 1.7-1 
shows the predicted distribution of LCCs within the RSA for the PDC at closure phase.  

For the maximum disturbance scenario during operation there will be a loss of native vegetation resulting 
from the unvegetated surfaces required for access roads and facilities for the Project. There will also be 
temporary loss of native vegetation due to the harvest of trees from known future cutblocks, although 
revegetation of these cutblocks will occur following disturbance by early successional and colonizing plant 
species. In addition to this natural regeneration of native vegetation within cutblocks, Millar Western and 
Al-Pac have an FMA Area Forest Management Plan (Al-Pac 2007) which includes tree species planting 
prescriptions to ensure harvested cutblocks will reforest to a canopy composition and cover similar to 
what was present prior to harvest. There is not anticipated to be any loss of native vegetation due to the 
Project at the closure phase due to the implementation of mitigation previously discussed in Section 1.6.1 
and the C&R Plan (Volume 1, Section 11.0). Similarly, known future cutblocks are not predicted to result 
in a loss of native vegetation communities at closure phase due to the implementation of the FMA Area 
Forest Management Plan and adherence to the Reforestation Standard of Alberta (ASRD 2011c) which 
includes monitoring of reforestation success to inform adaptive management to achieve reforestation 
targets. Although the loss of vegetation will be reversed at closure, there will be alteration of the 
composition of the native vegetation within the Project Area as previously discussed in Section 1.6.1.2. 
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Alteration of native vegetation communities is not expected for known future cutblocks at closure phase 
based upon the replanting practices outlined in the FMA Area Forest Management Plan (Al-Pac 2007).  

The area of native vegetation communities is expected to increase by 8% (approximately 5,500 ha) in the 
RSA for the PDC at closure phase compared to the Baseline Case (Table 1.7-1). The LCCs predicted to 
increase in area the most are Closed white spruce (coniferous forest), Closed aspen, balsam poplar 
and/or birch (deciduous forest) and Closed coniferous and deciduous cover (mixedwood forest). Closed 
pine and Wooded fen LCCs will decrease by 0.1% and 0.02% proportional to the total area of each LCC, 
respectively. Both the Project Area and known future cutblocks are expected to be reclaimed or 
reforested to native vegetation communities at closure phase. Additional increases in native vegetation 
community area can be attributed to reforestation of existing burns and cutblocks and the reclamation of 
existing disturbance on the Project Area at closure phase. Also, the cumulative effects of existing 
disturbance, the Project and known future cutblocks will not eliminate any LCC (i.e., does not decrease 
the diversity of native LCC) as shown in Table 1.7-1. Therefore, the magnitude of the cumulative residual 
effect is medium. 

The cumulative loss of vegetation in the RSA is long-term in duration and is reversible in most instances 
at the closure phase as natural vegetation communities regenerate. The cumulative alteration of native 
vegetation for the PDC is expected to be reversible with the exception of small areas of the Project Area 
(e.g., portions of borrow pits in upland habitats and portions of well pads and access roads in deep 
peatlands will be reclaimed to vegetation communities that differ from the baseline as discussed in 
Section 1.6.1 and the C&R Plan [Volume 1, Section 11.0]). 

Summary 
The mitigation described in Section 1.6.1 of this report are expected to effectively monitor and address 
potential cumulative effects on loss and alteration of native vegetation communities within the RSA. No 
additional mitigative measures were deemed warranted to address cumulative effects. Overall, the impact 
balance at the regional scale for the PDC is considered to be negative. The cumulative effect of known 
future developments in combination with the Project and existing disturbance on loss of native vegetation 
is of medium magnitude at the regional scale and not significant for the PDC at closure phase 
(Table 1.7-11). 

  



 

TABLE 1.7-1 
 

CHANGE IN LCC DISTRIBUTION FROM BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

LCC* 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total Area 
(ha)1 % Cover2 

Total Area 
(ha)1 % Cover2 

Total Area 
(ha)1 % Cover2 

Total Area 
(ha)1 % Cover2 

Total Area 
(ha) %3 

Forested Upland (>6% tree cover) 
Closed black spruce 706.7 0.9 698.7 0.9 631.4 0.8 708.9 1.0 2.2 0.3 
Closed pine 250.4 0.3 249.1 0.3 231.0 0.3 250.2 0.3 -0.2 -0.1 
Closed white spruce 27,640.8 37.1 27,465.8 36.9 24,980.5 33.5 29,217.2 39.2 1,576.4 5.7 
Closed aspen, balsam poplar and/or birch 6,832.9 9.2 6,634.4 8.9 6,546.3 8.8 7,519.1 10.1 686.2 10.0 
Closed coniferous and deciduous cover (40-
60%) 

17,189.1 23.1 
16,943.6 22.8 16,102.4 21.6 20,514.7 27.5 

3,325.6 19.3 

Wetland and Water 
Graminoid wetlands 437.9 0.6 431.6 0.6 431.6 0.6 439.7 0.6 1.8 0.4 
Shrubby wetlands 2,081.8 2.8 2,051.8 2.8 2,017.8 2.7 2,190.7 2.9 108.9 5.2 
Black spruce bog 1,087.6 1.5 1,083.2 1.5 1,065.5 1.4 1,097.3 1.5 9.7 0.9 
Wooded fen 8,439.8 11.3 8,352.3 11.2 8,160.6 11.0 8438.4 11.3 -1.4 -<0.1 
Lake, pond, river and stream 999.7 1.3 999.7 1.3 999.7 1.3 999.7 1.3 0.0 0.0 
Natural Disturbance 
Burn grassland 173.8 0.2 173.7 0.2 173.3 0.2 0.0 0.0 -173.8 -100.0 
Burn upland shrub 35.8 <0.1 35.8 <0.1 35.8 <0.1 0.0 0.0 -35.8 -100.0 
Native LCC Subtotal 65,876.3 88.3 65,119.7 87.4 61,376.0 82.4 71,375.9 95.8 5,499.6 8.3 
Anthropogenic Disturbance 
Anthropogenic Non-Vegetated 136.1 0.2 1,046.3 1.4 1,046.3 1.4 101.2 0.1 -34.9 -25.6 
Mixed Grassland 4,382.0 5.9 4,340.7 5.8 4,295.8 5.8 905.7 1.2 -3,476.3 -79.3 
Closed upland shrub 3,785.5 5.1 3,673.1 4.9 4,461.7 10.0 1,797.1 2.4 -1,988.4 -52.5 
Unclassifiable 
Cloud / Shadow 222.9 0.3 222.9 0.3 222.9 0.3 222.9 0.3 0.0 0.0 
No Data 64.9 0.1 64.9 0.1 64.9 0.1 64.9 0.1 0.0 0.0 
Total 74,467.6 100.0. 74,467.6 100.0 74,467.6 100.0 74,467.6 100.0  

Page 1-70

Notes: 1. Total area is not 74,488.3 ha since the area in this table was calculated from a raster dataset instead of a vector dataset. 
 2. Percent cover may not add up to 100% due to rounding error. Percent cover is calculated using the raster derived total area for the RSA (74,467.6 ha). 
 3. Percent change is proportional to the vegetation community. 
 *  LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1.7.1.2 Residual Effect of Loss or Alteration of Wetlands 

Loss or alteration of wetland vegetation communities as a direct result of the interaction between existing 
disturbance, the Project and known future cutblocks has been quantitatively assessed within the RSA for 
wetlands classified using LCC. Table 1.7-2 lists the wetland LCCs and area and relative abundance of 
each LCC within the RSA at Baseline Case, Application Case operation phase and PDC operation and 
closure phases. Figure 1.7-2 shows the predicted distribution of wetland LCCs within the RSA at PDC 
closure phase. 

At the maximum disturbance scenario during operation phase, there will be a loss of wetland vegetation 
communities due to clearing for the Project. There will also be temporary loss of wetland vegetation due 
to the harvest of trees from known future cutblocks, although revegetation of these cutblocks will occur 
following disturbance by early successional and colonizing wetland plant species. In addition to this 
natural regeneration of wetland vegetation within cutblocks, Millar Western and Al-Pac have an FMA Area 
Forest Management Plan (Al-Pac 2007) which includes tree species planting prescriptions to ensure 
harvested cutblocks will reforest to a canopy composition and cover similar to what was present prior to 
harvest. For example, Millar Western will plant black spruce in harvested cutblocks located in wooded 
peatlands. With implementation of mitigation previously discussed in Section 1.6.1 and the C&R Plan 
(Volume 1, Section 11.0), there is not anticipated to be any loss of wetland vegetation due to the Project 
at the closure phase. Similarly, known future cutblocks are not predicted to result in a loss of wetland 
vegetation communities at closure phase due to the implementation of the FMA Area Forest Management 
Plan (Al-Pac 2007) and adherence to the Reforestation Standard of Alberta (ASRD 2011c), which 
includes monitoring of reforestation success to inform adaptive management to achieve reforestation 
targets. Although the loss of wetland vegetation will be reversed at closure, there will be alteration of the 
composition of the wetland vegetation within the Project Area as previously discussed in Section 1.6.1.3. 
Alteration of native vegetation communities is not expected for known future cutblocks at closure phase. 

As discussed in Section 1.6.1.3, there are localized areas which are expected to be subject to a 
permanent alteration of wetland vegetation on the Project Area, although the effect will be reversible for 
most of the areas impacted in the RSA. 

The area of native wetland LCC is expected to increase by 1% (approximately 119 ha) in the RSA for the 
PDC at closure phase compared to the Baseline Case (Table 1.7-2). Both the Project Area and known 
future cutblocks are expected to be reclaimed or reforested to wetland native vegetation communities at 
closure phase, although the distribution of some wetland LCC will change due to the Project (i.e., effects 
are long-term in duration but reversible for most LCC). Additional increases in wetland LCC area can be 
attributed to the reforestation of wetlands in existing burns and cutblocks as well as the reclamation of 
existing disturbance within the Project Area at closure phase. Wooded fen is the only wetland LCC that is 
expected to decrease in area. However, a decrease of 1.4 ha represents a negligible change (0.02% 
proportional to the total area of the Wooded fen LCC). In addition, the cumulative effects of existing 
disturbance, the Project and known future cutblocks will not eliminate any wetland LCC (i.e., does not 
decrease the diversity of wetland LCC or cause a loss of wetland function) as shown in Table 1.7-2. As a 
result, the residual cumulative effect on loss or alteration of wetlands is of medium magnitude. 

Summary 
The mitigation described in Section 1.6.1 of this report are expected to effectively monitor and address 
potential cumulative effects on loss and alteration of wetlands within the RSA. No additional mitigative 
measures were deemed warranted to address cumulative effects. Overall, the impact balance at the 
regional scale for the PDC is negative since alteration of wetland communities and their distribution will 
occur. The magnitude of the effect of known future developments in combination with the Project and 
existing developments and activities on the loss and alteration of wetlands are medium at the regional 
scale and not significant for the PDC at closure phase (Table 1.7-11). 

 
  



 

TABLE 1.7-2  
 

CHANGE IN WETLAND LCC DISTRIBUTION FROM BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

Wetland LCC* 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) %2 

Graminoid wetlands 437.9 0.6 431.6 0.6 431.6 0.6 439.7 0.6 1.8 0.4 
Shrubby wetlands 2,081.8 2.8 2,051.8 2.8 2,017.8 2.7 2,190.7 2.9 108.9 5.2 
Black spruce bog 1,087.6 1.5 1,083.2 1.5 1,065.5 1.4 1,097.3 1.5 9.7 0.9 
Wooded fen 8,439.8 11.3 8,352.3 11.2 8,160.6 11.0 8438.4 11.3 -1.4 -<0.1 
Lake, pond, river and stream 999.7 1.3 999.7 1.3 999.7 1.3 999.7 1.3 0.0 0.0 
Wetland Total 13,046.8 17.5 12,918.6 17.3 12,675.2 17.0 13,165.8 17.6 119.0 0.9 

Notes: 1. Percent cover is calculated using the raster derived total area for the RSA (74,467.6 ha). 
 2. Percent change is proportional to the vegetation community. 
 *  LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1.7.1.3 Residual Effects of Loss or Alteration of Potential Old Growth Forests 

Loss or alteration of potential old growth forests as a direct result of the interaction between existing 
disturbance, the Project and known future cutblocks has been qualitatively assessed within the RSA. Old 
growth forests could not be quantitatively assessed at the RSA scale since the Landsat data used to 
predict Baseline Case vegetation communities within the RSA cannot be used to determine the stand 
origin date. To inform the qualitative assessment, loss or alteration of potential old growth forest as a 
direct result of the interaction between existing disturbance, the Project and known future cutblocks has 
been quantified within the LSA for vegetation communities classified using ELC. Table 1.7-3 lists the 
ELCs, and area and relative abundance of each potential old growth ELC within the LSA for Baseline 
Case, Application Case operation phase and PDC operation and closure phases. Figure 1.7-3 shows the 
predicted distribution of potential old growth ELCs within the LSA for the PDC at closure phase.  

For the maximum disturbance scenario during operation, there will be a loss of potential old growth ELCs 
resulting from clearing for the Project. There will also be a loss of potential old growth ELCs due to the 
harvest of trees from known future cutblocks. Through a combination of natural regeneration and tree 
planting, harvested cutblocks will be reforested (as previously described in Section 1.7.1.2), although by 
the time of closure phase these known future cutblocks will not yet be old enough to be classified as 
potential old growth ELC. There is not anticipated to be any loss of potential old growth forest due to the 
Project at the closure phase due to the implementation of mitigation previously discussed in Section 1.6.1 
and the C&R Plan (Volume 1, Section 11.0).  

There is not anticipated to be any loss of potential old growth forest due to known future cutblocks at 
closure phase since the FMA holder has developed an old-forest retention strategy as a component of the 
FMA Area Forest Management Plan (Al-Pac 2007). Old-forest is determined in the FMA Area Forest 
Management Plan (Al-Pac 2007) using the same minimum critical ages used in this Vegetation 
Assessment (detailed in Appendix 1A). The FMA holder will decrease annual allowable cut to extend the 
rotation age of some stands to enable the old-forest levels to be maintained in their target range for the 
FMA Area. Their regular recalculation of the annual allowable cut and old-forest projections will be 
adjusted to account for loss of old-forest due to disturbances such as fire and clearing for land use 
changes such as oil and gas developments. Although the loss of potential old growth ELCs will be 
reversed at closure, there will be alteration of the composition of these ELCs within the Project Area as 
previously discussed in Section 1.6.1.4.  

The area of potential old growth ELCs is expected to increase by approximately 125% in the LSA for the 
PDC at closure phase compared to the Baseline Case (Table 1.7-3). This is due mainly to mature forests 
at Baseline Case remaining on the landscape and achieving the potential to be old growth forest by 
closure phase. However, because future natural disturbances (such as fire and forest pests) are difficult 
to predict spatially or temporally in an accurate manner, the interaction of such disturbances with the 
predicted quantitative effects will be qualitative. Therefore, although it has been predicted that there may 
be up to 1,273 ha of potential old growth forest present in the LSA at closure, it is expected that there 
would be less. It is reasonably foreseeable that an additional rotation of timber harvesting could occur 
during the lifetime of the Project, but due to the uncertainty of when and where this activity would take 
place within the LSA, it has not been included in the predictions of the potential old growth ELCs at 
closure. However, considering only the Project, known future cutblocks, existing disturbances and the 
conditions (including future forest maturity and potential natural disturbances) of the forest at closure, it is 
expected that the area of potential old growth forest at closure would exceed the 1,021 ha present within 
the LSA for the Baseline Case.  

The potential old growth areas within three ELC classes (specifically, b3, c1 and e3) are predicted to 
decrease at closure in the LSA. Both c1 and e3 were predicted to have a reduced area of potential old 
growth at the Application Case closure phase (Section 1.6.1.4). However, the area of potential old growth 
at PDC closure phase decreases when known future development is considered. 

The impact to potential old growth forests is reversible since potential old growth forest polygons are 
based on stand age. Based on the FMA Area Forest Management Plan (Al-Pac 2007), the interaction of 
existing disturbance and Project clearing with the FMA holder’s harvesting operations will influence the 
location and amount of harvesting they conduct within their FMA Area. However, since the FMA holder 
takes cumulative effects to old growth forest into account when calculating their annual allowable cut, loss 



BlackPearl Resources Inc.  Vegetation 
Blackrod Commercial SAGD Project  Volume 4 - Section 1.0 

 

 
   

Page 1-76 
 
 

of old growth forest from harvesting will occur at a level that meets or exceeds their regulatory standards. 
Therefore, the magnitude of the residual cumulative effects from existing disturbance, the Project and 
known future cutblocks on potential old growth forest at a regional scale is low. 

Summary 
The mitigation described in Section 1.6.1 of this report and the old-forest retention strategy of the FMA 
Area Forest Management Plan (Al-Pac 2007), are expected to effectively monitor and address potential 
cumulative effects on loss and alteration of potential old growth forests within the RSA. No additional 
mitigative measures were deemed warranted to address cumulative effects. Overall, the impact balance 
of a loss or alteration of old growth forests at the regional scale for the PDC is considered to be negative. 
The magnitude of the effect of known future developments in combination with the Project and existing 
developments and activities on loss and alteration of potential old growth forests are low at the regional 
scale and not significant for the PDC at closure phase (Table 1.7-11). 

  



 

TABLE 1.7-3 
 

CHANGE IN POTENTIAL OLD GROWTH FOREST DISTRIBUTION FROM BASELINE TO PLANNED DEVELOPMENT CASE AT CLOSURE PHASE 
IN THE LSA 

Old Growth Ecosite Phase* 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total 
Area 
(ha) % Cover1 

% of 
ELC 

% of Total 
Old 

Growth 
Area 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

% of 
ELC 

% of Total 
Old Growth 

Area 

Total 
Area 
(ha) %1 

Forested Upland 
b3 - blueberry Aw-Sw 2.6 <0.1 60.7 0.3 2.6 <0.1 0.0 0.0 1.7 <0.1 39.3 0.1 -0.9 -36.5 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 100.0 0.4 3.3 0.1 0.1 0.1 0.1 <0.1 2.7 <0.1 -3.8 -97.3 
d1 - low-bush cranberry Aw 8.0 0.1 1.5 0.8 3.3 0.1 3.3 <0.1 284.1 4.6 48.1 12.4 276.1 3,450.7 
d2 - low-bush cranberry Aw-Sw 46.3 0.8 29.7 4.5 29.6 0.5 18.7 0.2 100.0 1.6 16.2 4.4 53.7 116.0 
d3 - low-bush cranberry Sw 38.5 0.6 29.4 3.8 31.8 0.5 21.7 0.2 40.4 0.7 9.3 1.8 1.9 4.9 
e1 - dogwood Pb-Aw 4.6 0.1 2.5 0.5 4.1 0.1 2.2 <0.1 137.8 2.2 75.1 6.0 133.2 2,895.2 
e2 - dogwood Pb-Sw 118.4 1.9 44.6 11.6 97.3 1.6 40.4 0.9 197.8 3.2 25.9 8.6 79.4 67.0 
e3 - dogwood Sw 139.4 2.3 52.6 13.7 123.9 2.0 64.8 1.0 72.2 1.2 24.4 3.1 -67.2 -48.2 
f1 - horsetail Pb-Aw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 42.0 0.7 54.2 1.8 42.0 100.0 
f2 - horsetail Pb-Sw 4.8 0.1 12.4 0.5 3.0 <0.1 1.8 <0.1 31.9 0.5 18.6 1.4 27.1 565.3 
f3 - horsetail Sw 45.5 0.7 38.9 4.5 34.3 0.6 15.2 0.3 47.5 0.8 16.8 2.1 2.0 4.4 
g1 - Labrador tea-subhygric Sb-Pj 223.8 3.7 61.3 21.9 185.2 3.0 163.6 0.4 295.4 4.8 67.0 12.9 71.6 32.0 
h1 - Labrador tea/horsetail Sw-Sb 167.5 2.7 42.9 16.4 140.8 2.3 81.4 1.0 214.1 3.5 34.7 9.3 46.6 27.8 
Wetland 
i1 - treed bog 49.2 0.8 14.2 4.8 45.0 0.7 19.6 0.4 277.4 4.5 99.8 12.1 228.2 463.8 
j1 - treed poor fen 146.8 2.4 31.5 14.4 121.9 2.0 118.5 2.0 383.1 6.2 95.0 16.7 236.3 161.0 
k1 - treed rich fen 21.6 0.4 10.5 2.1 20.2 0.3 20.2 0.4 169.0 2.8 88.4 7.4 147.4 682.5 
Old Growth Total 1,020.8 16.6  846.2 13.8 414.9 6.8 2,294.3 37.4  1,273.4 124.7 
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Notes: 1. Percent cover may not add up to 100% due to rounding error. 
 *  Old growth is derived from ‘date of origin’ from AVI (Al-Pac 2010). 
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1.7.1.4 Residual Effects of Loss or Alteration of Riparian Areas 

Loss or alteration of vegetation communities within riparian areas as a direct result of the interaction 
between existing disturbance, the Project and known future cutblocks has been quantitatively assessed 
within the RSA for riparian area vegetation communities classified using LCC. The broad categories that 
LCC are organized into are Forested Upland, Wetland and Water (forested wetlands, shrub dominated 
wetlands, open wetlands and water), Natural Disturbance (due to wildfire [ASRD 2011b]), Anthropogenic 
Disturbance (shrubland, grassland and non-vegetated) and Unclassifiable (due to shadow, cloud or no 
data) for ease of comparison. Table 1.7-4 lists the riparian area LCCs, and area and relative abundance 
of each riparian area LCC within the RSA for Baseline Case, Application Case operation phase and PDC 
operation and closure phases. Figure 1.7-4 shows the predicted distribution of LCCs within the RSA at 
PDC closure phase.  

At the maximum disturbance scenario during operation, there will be a loss of approximately 9 ha of 
native riparian LCC resulting from construction of the Project. There will also be temporary loss of an 
additional 213 ha native riparian LCC due to the harvest of trees from known future cutblocks occurring 
during the operation phase. Revegetation of these known future cutblocks will occur following disturbance 
by early successional and colonizing plant species. In addition to this natural regeneration of riparian 
vegetation within cutblocks, Millar Western and Al-Pac have an FMA Area Forest Management Plan (Al-
Pac 2007) which includes tree species planting prescriptions to ensure harvested cutblocks will reforest to 
a canopy composition and cover similar to what was present prior to harvest. It is expected that Millar 
Western and Al-Pac will implement measures to reduce impacts on riparian habitat according to provincial 
guidelines such as ASRD Alberta Timber Harvest Planning and Operating Ground Rules Framework for 
Renewal (2008). No loss of native riparian LCC due to the Project at the closure phase is anticipated due 
to the implementation of mitigation previously discussed in Section 1.6.1, the aquatic ecology assessment 
(Volume 3, Section 4.7.1) and the C&R Plan (Volume 1, Section 11.0). Similarly, known future cutblocks 
are not predicted to result in a loss of native riparian LCC at closure phase due to the implementation of 
the FMA Area Forest Management Plan (Al-Pac 2007) and adherence to the Reforestation Standard of 
Alberta (ASRD 2011c) which includes monitoring of reforestation success to inform adaptive 
management to achieve reforestation targets. Although the loss of native riparian LCC will be reversed at 
closure, there will be long-term, alteration of the composition of the native riparian LCC within the Project 
Area as previously discussed in Section 1.6.1.5. Alteration of native riparian LCC is not expected for 
known future cutblocks at closure phase. As a result, the impact balance is determined to be negative. 

Native riparian LCC is expected to increase by 2% (170.3 ha) in the RSA for the PDC at closure phase 
compared to the Baseline Case, and is not expected to decrease the riparian area in any of the native 
LCCs (Table 1.7-4). The increase in native riparian LCC area can be attributed to the reforestation of 
existing burns and cutblocks, and the reclamation of existing disturbance within the Project Area at 
closure phase. In addition, the cumulative effects of existing disturbance, the Project and known future 
cutblocks will not eliminate any native (non-disturbance) riparian LCC (i.e., does not decrease the 
diversity of native riparian LCC) as shown in Table 1.7-4. Therefore, the magnitude of the cumulative 
residual effect will be medium. 

Summary 
The mitigation described in Section 1.6.1 of this report and the FMA Area Forest Management Plan (Al-
Pac 2007), are expected to effectively monitor and address potential cumulative effects on the loss and 
alteration of riparian areas within the RSA. No additional mitigative measures were deemed warranted to 
address cumulative effects. Overall, the impact balance at the regional scale for the PDC is considered to 
be negative. The magnitude of the effect of known future developments in combination with the Project 
and existing developments and activities on the loss and alteration of riparian areas are medium at the 
regional scale and not significant for the PDC at closure phase (Table 1.7-11). 

  



 

TABLE 1.7-4 
 

CHANGE IN RIPARIAN AREA LCC DISTRIBUTION FROM BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

Riparian LCC* 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total 
Area (ha) % Cover1 

% of 
LCC 

% of Total 
Riparian 

Area 
Total Area 

(ha) % Cover1 
Total Area 

(ha) % Cover1 
Total 

Area (ha) % Cover1 
% of 
LCC 

% of Total 
Riparian 

Area 
Total 

Area (ha) %2 
Forested Upland (>6% tree cover) Riparian Areas 
Closed black spruce 98.8 0.1 14.0 1.3 98.7 0.1 92.1 0.1 98.8 0.1 13.9 1.3 0.0 0.0 
Closed pine 36.5 0.0 14.6 0.5 36.5 0.0 35.8 0.0 36.5 0.0 14.6 0.5 0.0 0.0 
Closed white spruce 2,636.8 3.5 9.5 33.6 2,634.8 3.5 2,497.1 3.4 2689.5 3.6 9.2 34.2 52.7 2.0 
Closed aspen, balsam poplar 
and/or birch 478.4 0.6 7.0 6.1 477.0 0.6 468.6 0.6 490.1 0.7 6.5 6.2 

11.7 2.4 

Closed coniferous and deciduous 
cover (40-60%) 1,690.5 2.3 9.8 21.5 1,686.0 2.3 1,641.1 2.2 1,797.1 2.4 8.8 22.9 

106.6 6.3 

Wetland and Water Riparian Areas 
Graminoid wetlands 116.1 0.2 26.5 1.5 116.1 0.2 116.1 0.2 1,16.1 0.2 26.4 1.5 0.0 0.0 
Shrubby wetlands 251.4 0.3 12.1 3.2 251.4 0.3 248.9 0.3 254.8 0.3 11.6 3.2 3.4 1.4 
Black spruce bog 132.3 0.2 12.2 1.7 132.3 0.2 130.8 0.2 132.3 0.2 12.1 1.7 0.0 0.0 
Wooded fen 879.4 1.2 10.4 11.2 878.3 1.2 868.1 1.2 879.4 1.2 10.4 11.2 0.0 0.0 
Lake, pond, river and stream 932.8 1.3 93.3 11.9 932.8 1.3 932.8 1.3 932.8 1.3 93.3 11.9 0.0 0.0 
Natural Disturbance Riparian Areas 
Burn grassland 2.6 0.0 1.5 0.0 2.6 0.0 2.6 0.0 0.0 0.0 0.0 0.0 -2.6 -100.0 
Burn upland shrub 1.4 0.0 3.8 0.0 1.4 0.0 1.4 0.0 0.0 0.0. 0.0 0.0 -1.4 -100.0 
Native Riparian LCC Subtotal 7,257.0 9.7 214.7 92.5 7,247.8 9.7 7,035.1 9.4 7,427.3 10.0 10.4 94.5 170.3 2.3 
Anthropogenic Disturbance Riparian Areas 
Anthropogenic non-vegetated 7.4 0.0 5.4 0.1 18.1 0.0 18.1 0.0 7.4 0.0 7.3 0.1 0.0 0.0 
Mixed grassland 200.3 0.3 4.6 2.5 200.3 0.3 196.1 0.3 94.2 0.1 10.4 1.2 -106.1 -53.0 
Closed upland shrub 343.0 0.5 9.1 4.4 341.5 0.5 558.3 0.7 278.6 0.4 15.5 3.5 -64.4 -18.8 
Unclassifiable Riparian Areas 
Cloud / shadow 37.7 0.1 16.9 0.5 37.7 0.1 37.7 0.1 37.7 0.1 16.9 0.5 0.0 0.0 
No data 10.3 0.0 15.8 0.1 10.3 0.0 10.3 0.0 10.3 0.0 15.8 0.1 0.0 0.0 
Total Riparian Areas 7,855.6 10.5  7,855.6 10.5 7,855.6 10.5 7,855.6 10.5   
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Notes: 1. Percent cover is calculated using the raster derived total area for the RSA (74,467.6 ha). 
 2. Percent change is proportional to the vegetation community. 
 *  LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1.7.1.5 Residual Effects of Loss or Alteration of Communities of Limited Distribution 

Direct loss or alteration of communities of limited distribution as a direct result of the interaction between 
existing disturbance, the Project and known future cutblocks has been quantitatively assessed within the 
RSA for communities of limited distribution classified using LCC. Table 1.7-5 lists the community of limited 
distribution LCCs and details the area and relative abundance of each LCC of limited distribution within 
the RSA for Baseline Case, Application Case operation phase and PDC operation and closure phases. 
Figure 1.7-5 shows the predicted distribution of community of limited distribution LCCs within the RSA at 
closure phase.  

With the exception of Burn upland shrub LCC, which will be unchanged, the communities of limited 
distribution are all expected to decrease in area as a result of the Project at Application Case operation 
phase. The communities of limited distribution, with the exception of Burn upland shrub and Graminoid 
wetland LCCs, will experience additional reductions in area as a result of known future cutblocks at PDC 
operation phase (maximum disturbance scenario). Revegetation of these known future cutblocks will 
occur following disturbance by early successional and colonizing plant species. In addition to this natural 
regeneration of native vegetation within cutblocks, Millar Western and Al-Pac have an FMA Area Forest 
Management Plan (Al-Pac 2007) which includes tree species planting prescriptions to ensure harvested 
cutblocks will reforest to a canopy composition and cover similar to what was present prior to harvest. For 
the PDC at closure phase, three communities of limited distribution (Closed pine LCC, Burn grassland 
LCC and Burn upland shrub LCC) are expected to decrease in area from baseline conditions, while the 
other two communities of limited distribution (Closed black spruce LCC and Graminoid wetlands LCC) are 
expected to increase. New communities of limited distribution will not be created (reduced to < 1% area) 
within the RSA as a result of the alteration of native vegetation communities resulting from the interaction 
of existing disturbance, the Project and known future cutblocks at PDC closure phase. 

The natural disturbance LCC (Burn grassland LCC and Burn upland shrub LCC) are expected to reforest 
throughout the life of the Project and, therefore, will no longer be present within the RSA at PDC closure 
phase. It is reasonably foreseeable that additional fires will occur during the lifetime of the Project, but 
due to the uncertainty of when and where this disturbance would take place within the RSA, it has not 
been included in the predictions of the area and distribution of natural disturbance LCC at closure. 
However, since the abundance of these LCC within the RSA is almost entirely the result of natural 
processes (0.1 ha of burn grassland LCC will be cleared by the proposed Project), no additional 
mitigation is warranted to address the loss or reduction of those LCCs. 

Without including natural disturbance LCC, the total area of communities of limited distribution is 
expected to increase by approximately 4 ha (0.3%) at PDC closure phase. There is not anticipated to be 
a loss of any non-disturbed LCC of limited distribution as a result of the Project at the closure phase due 
to the implementation of mitigation previously discussed in Section 1.6.1 and the C&R Plan (Volume 1, 
Section 11.0). Similarly, known future cutblocks are not predicted to result in a loss of communities of 
limited distribution at closure phase due to the implementation of the FMA Area Forest Management Plan 
and adherence to the Reforestation Standard of Alberta (ASRD 2011c) which includes monitoring of 
reforestation success to inform adaptive management to achieve reforestation targets. Although the loss 
of communities of limited distribution will be reversed at closure, there will be a long-term, alteration of the 
composition of the communities of limited distribution within the Project Area over the assessment period. 
Alteration of communities of limited distribution is not expected for known future cutblocks at closure 
phase. As a result, the overall impact balance is determined to be negative. 

Communities of limited distribution are expected to decrease by 13% (206 ha) in the RSA at PDC closure 
phase compared to the Baseline Case (Table 1.7-5). Most of the decrease in area can be attributed to the 
reforestation of existing burns at closure phase. In addition, the cumulative effects of existing disturbance, 
the Project and known future cutblocks will not eliminate any non-disturbance LCC community of limited 
distribution as shown in Table 1.7-5. Therefore, the magnitude of the cumulative residual effect will be 
medium. 

Summary 
The mitigation described in Section 1.6.1 of this report and the FMA Area Forest Management Plan (Al-
Pac 2007), are expected to effectively monitor and address potential cumulative effects on the loss and 
alteration of communities of limited distribution within the RSA. No additional mitigative measures were 
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deemed warranted to address cumulative effects. Overall, the impact balance at the regional scale for the 
PDC is considered to be negative. The magnitude of the effect of known future developments in 
combination with the Project and existing developments and activities on the loss and alteration of 
communities of limited distribution are medium at the regional scale and not significant for the PDC at 
closure phase (Table 1.7-11). 

  



 

TABLE 1.7-5 
 

CHANGE IN COMMUNITIES OF LIMITED DISTRIBUTION LCC DISTRIBUTION FROM BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

LCC* of Limited Distribution 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) %2 

Forested Upland (>6% tree cover) 
Closed black spruce 706.7 0.9 698.7 0.9 631.4 0.8 708.9 1.0 2.2 0.3 
Closed pine 250.4 0.3 249.1 0.3 231.0 0.3 250.2 0.3 -0.2 -0.1 
Wetland and Water           
Graminoid wetlands 437.9 0.6 431.6 0.6 431.6 0.6 439.7 0.6 1.8 0.4 
Non-Disturbance LCC 
Subtotal 

1,395 1.8 1,379.4 1.8 1,294 1.7 1,398.8 1.9 3.8 0.3 

Natural Disturbance 
Burn grassland 173.8 0.2 173.7 0.2 173.3 0.2 0.0 0.0 -173.8 -100.0 
Burn upland shrub 35.8 <0.1 35.8 <0.1 35.8 <0.1 0.0 0.0 -35.8 -100.0 
LCC of Limited Distribution 
Total 

1,604.6 2.1 
1,588.9 2.1 1,503.1 1.9 

1,398.8 1.9 -205.8 -12.8 

Notes: 1. Percent cover is calculated using the raster derived total area for the RSA (74,467.6 ha). 
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 2. Percent change is proportional to the vegetation community. 
 *  LCC are based on the AGCC strata listed in Sánchez-Azofeifa (2004). 
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1.7.1.6 Residual Effects of Habitat Fragmentation 

Construction of the Project may act cumulatively with existing disturbance and known future cutblocks to 
increase fragmentation of vegetation habitat in the RSA. Spatial characteristics of vegetation habitat can 
be measured to describe habitat fragmentation. Changes to mean patch size and mean percent 
anthropogenic edge were calculated from the reference conditions measured for the Baseline Case to 
Application Case operation phase to PDC operation and closure phases, and are presented in 
Tables 1.7-6 and 1.7-7, respectively. Vegetation habitats assessed for fragmentation effects are native 
vegetation communities, wetland vegetation communities and native vegetation communities within 
riparian areas classified using LCC. 

The quantification of habitat fragmentation in the RSA was used to inform a qualitative assessment for the 
significance of the residual effect. Since implementation of the Project C&R Plan and ILMP are the 
primary methods for mitigation of potential effects to habitat fragmentation, the impact balance and 
magnitude of the effect were determined according to the results of the PDC at closure phase. 

Mean Patch Size 
Following implementation of the C&R Plan and ILMP, the interaction of the Project with existing 
disturbance and known future cutblocks is anticipated to result in residual effects to fragmentation of 
native vegetation communities, wetland vegetation communities and native vegetation communities in 
riparian areas within the RSA.  

Mean patch size of native vegetation communities will exhibit a positive residual effect. Since the Project 
was sited to utilize existing anthropogenic disturbance wherever feasible, reclamation of baseline 
disturbance within the Project Area at closure phase will result in a net increase of mean patch size as 
previously discussed (Section 1.6.1.7). When two patches of the same native vegetation community are 
separated by an existing cutblock and this cutblock is reforested to connect these two patches at closure 
phase, the number of patches decreases and the size of the resulting patch increases. This increase in 
connectivity among native vegetation communities results in an increase in mean patch size and a 
decrease in habitat fragmentation at closure phase. Increases to mean patch size of native vegetation 
communities due to the increase in connectivity described above will be supplemented by known future 
cutblocks. Known future cutblocks will add to this positive effect since they will reforest throughout the life 
of the Project to a native LCC comparable to the baseline conditions. 

Reclamation outcomes will vary among wetland classes, but will result in a negligible positive effect to 
mean patch size of wetland vegetation communities. Some wetland habitats directly impacted by the 
construction of the Project will not be returned to the reference conditions of the Baseline Case as 
previously discussed (Section 1.6.1.7). This negative effect is offset by the reforestation of wetland LCC 
within existing cutblocks at closure phase. Known future cutblocks within wetlands are expected to 
reforest throughout the life of the Project to a wetland LCC comparable to the baseline conditions. 

The Project will result in a small positive effect to mean patch size of native vegetation communities within 
riparian areas. The negative effect due to the reclamation of deep peatlands within riparian areas to other 
wetland vegetation classes previously discussed (Section 1.6.1.7) will be offset by the reforestation of 
wetland LCC within existing cutblocks at closure phase. Known future cutblocks within wetlands are 
expected to reforest throughout the life of the Project to a wetland LCC comparable to the baseline 
conditions.  

Mean Percent Anthropogenic Edge 
Since the Project has been sited to utilize existing disturbance to the greatest extent feasible, 
implementation of the C&R Plan is expected to result in a net decrease of anthropogenic disturbance in 
contact with vegetation habitat (i.e., anthropogenic edge). Consequently, for native vegetation 
communities, wetland vegetation communities and native vegetation communities within riparian areas, 
mean percent anthropogenic edge is predicted to decrease at closure. Furthermore, disturbance 
associated with existing cutblocks and known future cutblocks will undergo reforestation throughout the 
life of the Project. Upon reforestation, these areas will no longer contribute to anthropogenic edge, further 
reducing the mean percent anthropogenic edge for patches of native vegetation communities, wetland 
vegetation communities and native vegetation communities within riparian areas. 
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Summary 
The mitigation described in Section 1.6.1 of this report are expected to effectively monitor and address 
potential cumulative effects of habitat fragmentation within the RSA. No additional mitigative measures 
were deemed warranted to address cumulative effects. Overall, the impact balance at the regional scale 
for the PDC is considered to be positive since the net effect of the three vegetation habitats considered 
will be neutral for mean patch size and have a positive effect on mean percentage anthropogenic edge. 
The magnitude of the effect of known future developments in combination with the Project and existing 
developments and activities on habitat fragmentation is low at the regional scale (Table 1.7-11). 

  



 

TABLE 1.7-6 
 

CHANGE IN MEAN PATCH SIZE DISTRIBUTION HABITAT FRAGMENTATION METRICS FROM 
BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

Vegetation 
Habitat 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase 

Change5 

(ha) 

Mean 
Area2 
(ha) 

Standard 
Deviation of 
Area3 (ha) 

Range of 
Area4 (ha) 

Mean 
Area2 
(ha) 

Standard 
Deviation of 
Area3 (ha) 

Range of 
Area4 (ha) 

Mean 
Area2 
(ha) 

Standard 
Deviation of 
Area3 (ha) 

Range of 
Area4 (ha) 

Mean 
Area2 
(ha) 

Standard 
Deviation of 
Area3 (ha) 

Range of 
Area4 (ha) 

Native LCC1 1.4 36.1 5,076.7 1.4 36.0 5,076.7 1.3 33.2 5,034.2 1.6 40.7 5,619.1 0.2 
Wetland LCC1 0.7 13.6 1,229.9 0.7 13.6 1,229.9 0.7 13.8 1,229.9 0.7 13.6 1,229.9 <0.1 
Native LCC 
Riparian1 0.6 8.3 846.0 0.6 8.3 846.0 0.6 8.3 846.0 0.7 8.2 846.0 

0.1 

Notes: 1. LCC values do not include Anthropogenic non-vegetated, Mixed grassland, Closed upland shrub, Cloud / shadow and No data. 
 2. Mean patch size is calculated by dividing the total area of a landscape by the number of patches of a landscape. 
 3. The standard deviation of patch size equals the square root of the sum of standard deviations of each patch size of a landscape from the mean patch size of the landscape divided by the number of patches within 

the landscape. 
 4. The range of patch size is calculated by subtracting the smallest patch size from the largest patch size within a landscape. 
 5. Change is the difference in mean area between the Baseline Case and the closure phase of the PDC. Page 1-88

 
 
 



 

TABLE 1.7-7 
 

CHANGE IN MEAN PERCENTAGE ANTHROPOGENIC EDGE DISTRIBUTION HABITAT FRAGMENTATION METRICS FROM BASELINE TO PDC 
AT CLOSURE PHASE IN THE RSA 

Vegetation Habitat 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase 

Change5 

Mean % 
Anth. 
Edge2 

Standard 
Deviation of % 

Anth. Edge3 

Range of 
% Anth. 
Edge4 

Mean % 
Anth. 
Edge2 

Standard 
Deviation of % 

Anth. Edge3 

Range of 
% Anth. 
Edge4 

Mean % 
Anth. 
Edge2 

Standard 
Deviation of % 

Anth. Edge3 

Range of 
% Anth. 
Edge4 

Mean % 
Anth. 
Edge2 

Standard 
Deviation of % 

Anth. Edge3 

Range of 
% Anth. 
Edge4 

Native LCC1 
14.9 23.3 100.0 15.4 23.7 100.0 18.7 26.0 100.0 6.7 14.9 100 

decrease by 
8.2% 

Wetland LCC1 
14.9 21.0 100.0 15.1 21.2 100.0 17.0 22.7 100.0 6.2 13.9 100 

decrease by 
8.7% 

Native LCC Riparian1 
7.4 15.1 100.0 7.4 15.1 100.0 8.8 16.5 100.0 5.7 13 100 

decrease by 
1.7% 

Notes: 1. Native LCC values do not include Anthropogenic non-vegetated, Mixed grassland, Closed upland shrub, Cloud / shadow and No data. 
 2. Mean of percentage of patch edge adjacent to anthropogenic disturbance is calculated by dividing the sum of patch Edge Contrast values of a landscape by the number of patches of a landscape. 
 3. Standard deviation of percentage of patch edge adjacent to anthropogenic disturbance equals the square root of the sum of standard deviations of each patch Edge Contrast of a landscape from the Mean of 

percentage of patch edge adjacent to anthropogenic disturbance of the landscape divided by the number of patches of the landscape. 
 4. Range of percentage of patch edge adjacent to anthropogenic disturbance is calculated by subtracting the smallest patch Edge Contrast from the largest patch Edge Contrast within a landscape. 

Page 1-89

 5. Change is the difference in mean percentage of patch edge adjacent to anthropogenic disturbance between the Baseline Case and the closure phase of the PDC. 
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1.7.1.7 Residual Effects of Introduction and Colonization of Weeds and Non-Native 
Invasive Species 

During the field surveys conducted in 2010 and 2011, no Prohibited Noxious weeds were observed within 
the LSA or the RSA. Four Noxious weeds (common tansy, common toadflax, creeping [Canada] thistle 
and sow-thistle species), were observed in a few locations within the LSA and one Noxious weed 
(creeping [Canada] thistle) was observed in the RSA. Although a limited number of locations within the 
RSA were visited during the field surveys, the abundance of weeds in the vicinity of the Project was 
generally observed to be low. 

Weeds typically establish in areas that have been previously disturbed. Existing activities resulting in 
ground disturbance and potential introduction and spread of weeds in the RSA include linear corridor 
development (e.g., roads, pipelines, transmission lines, seismic lines), facility development and forestry. 
Since ground disturbance will be associated with the proposed Project and the harvest of known future 
cutblocks, these will act cumulatively with existing activities to introduce and spread weeds in the RSA. A 
qualitative assessment was deemed to be the most appropriate method to evaluate the significance of the 
potential cumulative effect given the lack of quantifiable data.  

The cumulative residual effect of the Project on weed introduction and spread is long-term since there is 
potential for weed introduction and spread for the duration of the operation, decommissioning and 
reclamation phases of the Project and known future developments, and potentially extending into the 
closure phase (e.g., monitoring, potential remedial work). The effect is reversible and of low magnitude 
since effective, industry standard mitigation measures will reduce the likelihood and/or the degree to 
which weeds are introduced or spread as a result of the proposed Project and known future 
developments. 

Summary 
The mitigation described in Section 1.6.1 of this report and the C&R Plan (Volume 1, Section 11.0), are 
expected to effectively monitor and address potential cumulative effects due to the introduction and 
spread of weeds and non-native invasive species within the RSA. Other operators and forestry 
companies within the RSA are expected to implement similar industry standard mitigation to control 
weeds. No additional mitigative measures were deemed warranted to address cumulative effects. Overall, 
the impact balance at the regional scale for the PDC is considered to be negative. The magnitude of the 
effect of known future developments in combination with the Project and existing developments and 
activities on weed introduction and spread are low at the regional scale and not significant for the PDC at 
closure phase (Table 1.7-11). 

1.7.2 Loss or Alteration of Rare Ecological Communities or Rare Plant Populations 

The residual effect of loss or alteration of rare ecological communities at closure phase of the Application 
Case was assessed as unlikely to occur, and no interaction between observed rare ecological 
communities and known future cutblocks is anticipated. Due to these factors, effects of loss or alteration 
of rare ecological communities have not been carried through to the PDC for assessment. 

Mitigation that will be implemented to minimize loss or alteration of rare plant populations was previously 
discussed (Section 1.6.2.1). The following subsections describe the potential residual cumulative effects 
of loss or alteration of rare plant populations. Cumulative effects on rare plant populations are described 
by a combination of quantitative and qualitative information for the Baseline Case conditions, incremental 
Project effects and known future cutblock effects. Residual cumulative effects after mitigation at closure 
phase are identified and evaluated for significance. 

1.7.2.1 Residual Effects of Loss or Alteration of Rare Plant Populations 

It is expected that existing disturbances, the Project and known future cutblocks will act cumulatively to 
affect rare plant populations. Since field studies were not conducted at the RSA scale, a quantitative 
assessment of cumulative effects to observed rare plant populations was limited to within and near the 
LSA. Cumulative effects on undocumented rare plants are not expected to be limited to the LSA (i.e., will 
also occur in the RSA); therefore, a qualitative assessment of potential cumulative effects to rare plant 
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populations at the RSA scale was conducted by inferring the potential cumulative effects to LCCs with a 
high potential to support rare vascular plants.  

There are 12 rare plant populations comprised of 7 vascular plant species that will be impacted within and 
near the LSA at PDC, compared to 5 rare vascular plant populations comprised of 5 species impacted at 
Application Case (Table 1.7-8). There are 38 rare plant populations comprised of 23 nonvascular plant 
species that will be impacted within and near the LSA at PDC, compared to 17 rare nonvascular plant 
populations comprised of 13 species impacted at Application Case (Table 1.7-9). 

Site-specific mitigation (Table 1.6-9) developed for observed rare plants that will be directly affected by 
the Project took into account direct effects of known future cutblocks. 

For the Application Case, an indication of potential effects to rare vascular plants was inferred by 
quantifying the effect of the Project on areas with the greatest potential to support rare vascular plant 
species (i.e., ELC with high or moderate potential to support rare vascular plants) (Section 1.6.2.3). For 
the PDC, cumulative effects at the RSA scale on rare plant populations have been inferred by quantifying 
the cumulative effect of existing disturbance, the Project and known future cutblocks on LCC that 
correspond with high-potential ELCs listed in Table 1.6-12. Moderate potential ELCs were not included in 
the PDC assessment since all native (undisturbed) LCC except Wooded fen correspond to a combination 
of high and moderate potential ELCs. The concordance between ELC and LCC is detailed in 
Appendix 1A. Table 1.7-10 lists the LCCs that are expected to have greater potential to support rare 
ecological communities and the area and relative abundance of each of these LCCs within the RSA at 
Baseline Case, Application Case operation phase and PDC operation and closure phases. 

At the maximum disturbance scenario, high-potential LCCs will experience reductions in overall 
abundance due to the Project and known future cutblocks, with the exception of one LCC (the Lake, 
pond, river and stream LCC). At closure phase, all high-potential LCCs will be reclaimed or reforested to a 
larger area within the RSA relative to Baseline Case except the Lake, pond, river and stream LCC, which 
will remain constant. Increased area of other high-potential LCCs can be attributed to existing baseline 
disturbances on the Project Area being reclaimed with the Project and reforestation of existing cutblocks, 
burns and known future cutblocks throughout the life of the Project. The predicted increase in high-
potential LCCs is due to the expected reclamation of portions of borrow pits in upland habitats to 
Graminoid wetland LCC, as well as the reclamation of portions of well pads and access roads in deep 
peatlands to upland Closed black spruce LCC.  

TABLE 1.7-8 
 

INTERACTION OF OBSERVED RARE VASCULAR PLANTS WITH THE PROJECT AND KNOWN 
FUTURE CUTBLOCKS WITHIN AND NEAR THE LSA 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
alder-leaved 
buckthorn 

Rhamnus alnifolia S3 Sensitive 3 9 
34 
37*** 
43 
79 

f3/STNN 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 

Arctic starflower Trientalis europaea S3 Sensitive 3 5 
45 
46 

e2 
e2 
e3 

bog adder’s-
mouth orchid 

Malaxis paludosa S1 May Be at Risk 2 15 
75* 
105 

j1/FTNN 
j1/FTNN 
j1/FTNN 

bristly buttercup Ranunculus 
pensylvanicus 

S3 Sensitive 2 90 
108 

Shrubby Wetland/SONS 
d2 

broad-fruited 
sedge 

Carex tenera S3 Sensitive 1 16 j1/FTNN 

bur-reed Sparganium 
glomeratum 

S1 May Be at Risk 1 120 Shrubby Wetland/SONS 

coralroot species Corallorhiza sp. S3 Sensitive 1 58 j1/FTNN 
fox sedge Carex vulpinoidea S2 May Be at Risk 2 60 

82 
d1 
Cutblock 
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TABLE 1.7-8  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
golden saxifrage Chrysosplenium 

iowense 
S3? Sensitive 15 3** 

22 
56 
74 
80** 
84 
94 
95** 
100 
112 
113 
114 
117 
119 
123 
124 
126** 
127 
128 
129 
130 
132* 
133** 
135 
136 

f3/STNN 
h1/STNN 
f1/STNN 
e3 
h1/STNN 
Shrubby Wetland/SONS 
f2/STNN 
h1/STNN 
e3 
Shrubby Wetland/SONS 
k1/FTNN 
l1 
f3/STNN 
f1/STNN 
Shrubby Wetland/SONS 
j1/FTNN 
j2/FONS 
Shrubby Wetland/SONS 
Cutblock 
k1/FTNN 
Shrubby Wetland/SONS 
f3/STNN 
f3/STNN 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

goldthread Coptis trifolia S3 W Secure 5 19 
81** 
91 
139 
140 

g1 
f2/STNN 
f3 
e2 
d2 

northern beech 
fern 

Phegopteris 
connectilis 

S2 May Be at Risk 2 98 
111* 

f3/STNN 
e2 

ostrich fern Matteuccia 
struthiopteris 

S3 Sensitive 3 77 
86 
93 
102 
110 

e3 
Cutblock 
e2 
Shrubby Wetland/SONS 
e2 

small butterwort Pinguicula villosa S2 Sensitive 2 121 
131 

j1/FTNN 
j1/FTNN 

spotted coralroot Corallorhiza 
maculate 

S3 Sensitive 1 107 e2 

tall blue lettuce Lactuca biennis S2 May Be at Risk 2 6* 
104 
137 

Meadow 
Anthropogenic 
Anthropogenic 

white 
wintergreen 

Pyrola elliptica S3 Sensitive 1 89** e2 

Notes: 1 Definitions of rarity ranks are included in the footnotes of Attachment 1A2. Species on the List of Tracked and Watched Elements 
(ACIMS 2011c) have S ranks in bold text. 

 2 Populations may be made up of multiple sub-populations, all within 1 km of each other. 
 * Location on Project Area. 
 ** Location on known future cutblock 
 *** Location on Project Area and known future cutblock. 
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TABLE 1.7-9 
 

INTERACTION OF OBSERVED RARE NONVASCULAR PLANTS WITH THE PROJECT AND KNOWN 
FUTURE CUTBLOCKS WITHIN AND NEAR THE LSA 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
Anastrophyllum 
liverwort 

Anastrophyllum 
helleranum 

S2 -- 5 13 
26 
27*** 
29 
31 
35*** 
40** 
52 
118 

h1/STNN 
f3/STNN 
f3 
e2 
e3 
h1/STNN 
d3 
j1/FTNN 
d3 

Atrichum moss Atrichum selwynii S2 Secure 1 31 e3 
dot lichen Biatora vernalis SU -- 1 59** e2 
Blasia liverwort Blasia pusilla S1 -- 5 31 

92 
97 
99 
116 

e3 
Anthropogenic 
f3 
Anthropogenic 
Anthropogenic 

Calicium lichen Calicium 
adaequatum 

SNR -- 8 1** 
4 
22 
29 
31 
34 
37*** 
43 
44 
45 
46 

h1/STNN 
Shrubby Wetland/SONS 
h1/STNN 
e2 
e3 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 
e2 
e3 

Calicium lichen Calicium 
salicinum 

S1 -- 1 55** d1 

Calypogeia 
liverwort 

Calypogeia 
neesiana 

S3 W -- 2 47 
48 

g1/STNN 
i1/BTNN 

Calypogeia 
liverwort 

Calypogeia 
suecica 

S1 -- 1 37*** h1/STNN 

Chaenotheca 
lichen 

Chaenotheca 
laevigata 

SNR -- 1 57 d3 

Cladonia lichen Cladonia 
acuminata 

S1? Undetermined 1 21 i1/BTNN 

Cladonia lichen Cladonia 
bacilliformis 

S3 Sensitive 1 21 i1/BTNN 

finger pixie-cup Cladonia digitata S2 May Be at Risk 1 26 f3/STNN 
Cladonia lichen Cladonia 

merochlorophaea 
S2 May Be at Risk 3 9 

48 
56 

f3/STNN 
i1/BTNN 
f1/STNN 

wand lichen Cladonia rei S2 May Be at Risk 1 7 d2 
Cladonia lichen Cladonia stygia S2 Secure 2 24 

144 
i1/BTNN 
g1 

peg lichen Cladonia 
subcariosa 

S1? Not Assessed 1 147* e3 
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TABLE 1.7-9  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
snakeskin 
liverwort 

Conocephalum 
conicum 

S2 -- 8 4 
22 
31 
46 
71 
74 
78 
83 
85*** 
88 
94 
97 
100 
106 
118 
127 
130 
132* 
134 
146** 

Shrubby Wetland/SONS 
e2 
Shrubby Wetland/SONS 
e3 
d3 
e3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Cutblock 
d3 
f3 
e3 
f3/STNN 
d3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
f3/STNN 
e1 
e3, e2, Shrubby Wetland/SONS 

soot lichen Cyphelium 
tigillare 

S2 -- 1 17 k2/FONS 

powdered fringed 
lichen 

Heterodermia 
speciosa 

S2 May Be at Risk 3 8* 
12 
50 
59** 
142** 

d2 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
e2 
d1 

jellyskin Leptogium 
teretiusculum 

SU Undetermined 2 42** 
59** 

b3 
e2 

Lichenomphalia 
lichen 

Lichenomphalia 
umbellifera 

S2S4 May Be at Risk 2 1** 
36 
92 

h1/STNN 
e2 
Anthropogenic 

many-spored 
camofalge lichen 

Melanohalea 
multispora 

S2S4 Undetermined 2 31 
37*** 

e3 
e3 

Mnium moss Mnium thomsonii S3 Sensitive 1 26 f3/STNN 
naked kidney 
lichen 

Nephroma bellum S2 Secure 5 31 
35*** 
40** 
57 
142** 

e3 
h1/STNN 
d3 
d3 
d1 

fringed kidney 
lichen 

Nephroma 
helveticum 

S1S2 Sensitive 1 31 e3 

Pellia liverwort Pellia neesiana S2 -- 4 31 
46 
78 
83 
101 

e3 
e3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

Peltigera lichen Peltigera collina S2 Sensitive 1 31 e3 
alternating dog-
lichen 

Peltigera 
polydactyla 

S2 -- 3 31 
41** 
54 

e3 
h1/STNN 
d1 

shadow lichen Phaeophyscia 
ciliata 

S3 Sensitive 1 55** d1 

Platygyrium moss Platygyrium 
repens 

S3 Sensitive 1 87 e2 

rock ramalina Ramalina 
intermedia 

S2 May Be at Risk 2 35*** 
39 

h1/STNN 
d2 

hooded ramalina Ramalina 
obtusata 

S2 Secure 1 55** d1 
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TABLE 1.7-9  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
Riccardia liverwort Riccardia 

palmata 
S1 -- 8 2 

3** 
26 
27*** 
28 
35*** 
41** 
44 
96 
118 

d2 
f3/STNN 
f3/STNN 
f3 
e2 
h1/STNN 
h1/STNN 
j1/FTNN 
j2/FONS 
d3 

Riccardia liverwort 
species 

Riccardia sp. S1-S2S3 -- 1 72 h1/STNN 

pepper-spore 
lichen 

Rinodina freyi S1 -- 8 22 
25** 
29 
33 
34 
37*** 
44 
45 
46 

h1/STNN 
e2 
e2 
k1/FTNN 
k1/FTNN 
h1/STNN 
j1/FTNN 
e2 
e3 

Scapania liverwort Scapania 
apiculata 

S1 -- 1 38** d3 

Scapania liverwort Scapania 
glaucocephala 

S2 -- 6 2 
20 
32 
36 
38 
39 
42** 

d2 
d3 
d1 
e2 
d3 
d2 
b3 

Sclerophora 
lichen 

Sclerophora sp. SNR -- 1 29 e2 

Sclerophora 
lichen 

Sclerophora 
amabilis 

SNR -- 1 54 d1 

Sphinctrina lichen Sphinctrina 
anglica 

SNR -- 1 9 f3/STNN 

flagon-fruited 
splachnum 

Splachnum 
ampullaceum 

S2 Secure 1 53 
115 

j1/FTNN 
j1/FTNN 

yellow collar moss Splachnum 
luteum 

S3 T Sensitive 2 30 
125 

i1/BTNN 
g1 

red collar moss Splachnum 
rubrum 

S3 T Sensitive 1 70 
73 
76 
138 

h1/STNN 
i1/BTNN 
f3 
h1/STNN 

collar moss 
species 

Splachnum sp. S2-S3 Sensitive - Secure 2 44 
50 

j1/FTNN 
Shrubby Wetland/SONS 

Stenocybe lichen Stenocybe 
pullatula 

S2S4 -- 10 4 
23 
25** 
28 
29 
33 
34 
37*** 
43 
44 
45 
50 
103 
143 

Shrubby Wetland/SONS 
j1/FTNN 
e2 
e2 
e2 
k1/FTNN 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 
e2 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

Usnea lichen Usnea 
chaetophora 

SNR -- 1 18 j1/FTNN 

fishbone beard 
lichen 

Usnea filipendula S3 Sensitive 2 8* 
48 

d2 
i1/BTNN 
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TABLE 1.7-9  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
lustrous beard 
lichen 

Usnea glabrata S3 Sensitive 7 8*** 
10 
11 
13 
14 
16 
17 
18 
22 
30 
36 
49 
51 
141 
143 
145 

d2 
i1/BTNN 
j1/FTNN 
h1/STNN 
k1/FTNN 
j1/FTNN 
k2/FONS 
j1/FTNN 
h1/STNN 
i1/BTNN 
e2 
j2/FONS 
k1/FTNN 
h1 
Shrubby Wetland/SONS 
e2 

Notes:  1 Definitions of rarity ranks are included in the footnotes of Attachment 1A2. Species on the List of Tracked and Watched Elements 
(ACIMS 2011c) have S ranks in bold text. 

 2 Populations may be made up of multiple sub-populations, all within 1 km of each other. 
 * Location on Project Area. 
 ** Location on known future cutblock 
 *** Location on Project Area and known future cutblock. 
  



 

TABLE 1.7-10 
 

CHANGE IN LCC WITH HIGH POTENTIAL TO SUPPORT RARE VASCULAR PLANTS FROM 
BASELINE TO PDC AT CLOSURE PHASE IN THE RSA 

LCC with High Potential to Support Rare 
Vascular Plants* 

Baseline Case 
Application Case Planned Development Case 
Operation Phase Operation Phase Closure Phase Change 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) % Cover1 

Total Area 
(ha) %2 

Forested Upland (>6% tree cover) 
Closed black spruce 706.7 0.9 698.7 0.9 631.4 0.8 708.9 1.0 2.2 0.3 
Closed white spruce 27,640.8 37.1 27,465.8 36.9 24,980.5 33.5 29,217.2 39.2 1,576.4 5.7 
Closed aspen, balsam poplar and/or birch 6,832.9 9.2 6,634.4 8.9 6,546.3 8.8 7,519.1 10.1 686.2 10.0 
Closed coniferous and deciduous cover (40-
60%) 

17,189.1 23.1 
16,943.6 22.8 16,102.4 21.6 20,514.7 27.5 

3,325.6 19.3 

Wetland and Water 
Graminoid wetlands 437.9 0.6 431.6 0.6 431.6 0.6 439.7 0.6 1.8 0.4 
Shrubby wetlands 2,081.8 2.8 2,051.8 2.8 2,017.8 2.7 2,190.7 2.9 108.9 5.2 
Lake, pond, river and stream 999.7 1.3 999.7 1.3 999.7 1.3 999.7 1.3 0.0 0.0 
High-Potential LCC Total 55,888.9 75.0 55,225.6 74.2 51,709.7 69.3 61,590.0 82.6 5,701.1 10.2 Page 1-97

Notes: 1. Percent cover is calculated using the raster derived total area for the RSA (74,467.6 ha). 
 2. Percent change is proportional to the vegetation community. 
 *  LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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Summary 
Mitigation that will be implemented to minimize loss or alteration of rare plant populations was previously 
presented in Section 1.6.2.1 and Table 1.6-9. By considering cumulative effects while creating 
site-specific rare plant mitigation, in conjunction with the Rare Ecological Community and Rare Plant 
Population Discovery Contingency Plan, ILMP and VMP for the Project, these efforts are expected to 
effectively monitor and address potential cumulative effects on the loss or alteration of rare plant 
populations within the RSA. No additional mitigative measures were deemed warranted to address 
cumulative effects. The magnitude of the negative effects of known future developments in combination 
with the Project and existing developments and activities on rare plant populations is medium at the 
regional scale and not significant for the PDC at the closure phase (Table 1.7-11). 

1.7.3 Summary of Potential Effects on Vegetation Indicators 

The evaluation of significance of potential cumulative effects of the Project in combination with existing 
and known future activities for each vegetation indicator for the PDC is summarized in Table 1.7-11. All of 
the potential cumulative residual effects are expected to be reversible. There are no potential cumulative 
residual effects on vegetation that are predicted to have significant effects for the PDC. 

The significance evaluation of potential residual effects on vegetation for the PDC is presented in 
Table 1.7-11. 

TABLE 1.7-11 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON VEGETATION AT PDC 

Vegetation Indicator/ 
Potential Residual Effect Im
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1. Loss or Alteration of Native Vegetation 
(a)  Loss or Alteration of Native Vegetation 

Communities (LCC) 
Negative RSA Long-term Continuous Reversible 

- 
Permanent 

Medium High Moderate Not 
significant 

(b)  Loss or Alteration of Wetlands (LCC) Negative RSA Long-term Continuous Reversible 
- 

Permanent 

Medium High Moderate Not 
significant 

(c)  Loss or Alteration of Old Growth Forests 
(ELC) 

Negative RSA Long-term Continuous Reversible Low High Moderate Not 
significant 

(d)  Loss or Alteration of Riparian Areas 
(LCC) 

Negative RSA Long-term Continuous Reversible 
- 

Permanent 

Medium High Moderate Not 
significant 

(f)  Loss or Alteration of Communities of 
Limited Distribution (LCC) 

Negative RSA Long-term Continuous Reversible 
- 

Permanent 

Medium High Moderate Not 
significant 

(g)  Increase in Habitat Fragmentation Positive RSA Long-term Continuous Permanent Low High Moderate N/A 
(h)  Introduction and Colonization of Weeds 

and Non-Native Invasive Species 
Negative RSA Long-term Continuous Reversible Low High High Not 

significant 
2. Loss or Alteration of Rare Ecological Communities and Rare Plant Populations 
(a)  Loss or Alteration of Rare Plant 

Populations 
Negative RSA Long-term Continuous Reversible Medium High Moderate Not 

significant 
 

1.8 Monitoring 

BlackPearl will work with ASRD to develop an appropriate VMP that will facilitate evaluation and adaptive 
management of Project effects on vegetation. The VMP will be conducted following construction as well 
as at regularly scheduled intervals coinciding with operations, maintenance and reclamation activities 
over the lifetime of the Project. The monitoring program protocols will reflect the Project phase. During the 
operation phase, monitoring objectives will focus on ensuring the effectiveness of applied mitigation. As 
the Project progresses into the decommissioning, reclamation and closure phases, the objectives of the 
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monitoring program will be to set reclamation target vegetation communities (also taking into 
consideration the results of site-specific PDA results and adjacent vegetation communities at the time of 
reclamation), evaluate success of reclamation activities and to implement further remedial work, if 
necessary, to achieve reclamation targets. 

At the operation phase, monitoring of disturbed sites following construction will address the effectiveness 
of progressive revegetation efforts, weed control efforts and rare plant and rare ecological community 
mitigation. Remedial work will be recommended, if warranted, to address any issues identified during the 
VMP. For wetlands directly affected by the Project, BlackPearl will conduct monitoring of surface water 
quality and vegetation during operation. Quarterly groundwater quality monitoring reports will also be 
reviewed prior to conducting wetland monitoring. If substantial negative impacts are detected, remedial 
measures will be implemented to correct these impacts. 

At the decommissioning and reclamation phases, site-specific reclamation targets will be defined and 
revegetation activities to achieve these targets will be implemented to complement natural colonization of 
vegetation. During the closure phase, BlackPearl will monitor vegetation establishment, composition, 
abundance and structure within the reclaimed sites post-reclamation until it can be determined that 
successional trajectories have been established.  

At locations with a target end land use of commercial forestry, the monitoring practices of the FMA holder 
will be implemented. These monitoring practices include assessing the survival of tree species at year 5 
or 6 and year 13 or 14 post-reclamation (Al-Pac 2007), as well as additional measures of reforestation 
success as detailed in the Reforestation Standard of Alberta (ASRD 2011c). 

For locations where the target end land use is wetland, BlackPearl will monitor water quality and 
vegetation within the reclaimed wetlands post-reclamation until it can be determined that successional 
trajectories towards no-maintenance self-sustaining wetland vegetation communities have been 
established. For each class of wetland present within the LSA, BlackPearl will select benchmark wetlands 
that were not directly affected by the Project to compare monitoring results to. The goal is for reclaimed 
wetlands to naturally revegetate to a wetland vegetation community comparable to benchmark wetlands 
of the same class. Restoring hydrological functioning is the most important environmental factor in 
controlling plant community structure (Graf 2009). The results of the Hydrology Assessment (Volume 3, 
Section 3.0) indicate that no perceptible effects on surface hydrology are expected as a result of the 
Project. If monitoring results indicate that localized surface water hydrology has been impacted, remedial 
measures will be implemented to correct this impact. If target vegetation does not naturally recolonize the 
reclaimed wetland, plants may be introduced by a variety of means, including (but not limited to) bareroot 
and container seedling planting, application of donor live peat (with viable seed bank), soil amendment 
and potentially through direct seeding. Additional remedial measures for the restoration of wetlands will 
be implemented if deemed warranted based on monitoring results. 

BlackPearl will prepare and submit to AEW an Annual C&R Report summarizing the previous year’s 
activities, including completed reclamation activities, reclamation and results of monitoring, as well as 
planned adaptive remedial measures. 

1.9 Summary 

The Project has potential to affect vegetation resources in the LSA and RSA, and will likely interact with 
existing and known future developments to have cumulative effects on vegetation. The identified issues 
assessed for vegetation in this EIA include loss or alteration of native vegetation and loss or alteration of 
rare ecological communities or rare plant populations. The identified issues were assessed for each of the 
following vegetation indicators:  

• vegetation communities; 

• wetlands; 

• old growth forests;  

• riparian areas; 
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• vegetation communities of limited distribution; 

• habitat fragmentation; 

• non-native and invasive plants; 

• traditionally used plants; 

• rare ecological communities; and 

• rare plant populations. 

In general, the Project related effects and cumulative effects of existing disturbance, the Project and 
known future developments will be reduced such that the residual effects of loss or alteration of native 
vegetation (including native vegetation communities, wetlands, riparian areas, potential old growth 
forests, communities of limited distribution and traditionally used plants) will be not significant. 

With the implementation of proposed site-specific mitigation measures and contingency planning the 
cumulative effects of existing disturbance, the Project and known future developments on rare plant 
populations and rare ecological communities will be reduced to such a level that the population or 
community is not placed at risk and will, therefore, be not significant.  

All potential residual cumulative effects on vegetation at the Application Case and PDC closure phase are 
expected to be not significant. 
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1A.0 VEGETATION BASELINE REPORT 

1A.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is proposing an in-situ steam assisted gravity drainage (SAGD) 
bitumen recovery project. The Blackrod Commercial SAGD Project (the Project) is located on Crown land 
east of the Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km 
northwest of the Hamlet of Wandering River, Alberta. The Project is expected to be developed in three 
phases over an estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of 
crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 
80,000 bbl/d. The proposed development will have a central processing facility (CPF) and is expected to 
have up to 69 well pads over the life of the Project. The Project is accessible from Highway 63 using an 
existing access road. 

To support the Environmental Impact Assessment (EIA) for the Project, baseline studies were conducted. 
This Vegetation Baseline Report presents the methods and results of a desktop/literature review and the 
vegetation baseline field surveys conducted from July 27 to July 31, 2010, June 24 to July 1, 2011, July 
23 to July 25, 2011, and July 26 to August 2, 2011. 

1A.1.1 Study Objectives 

The objectives of the vegetation surveys were to: 

• describe and map current vegetation communities, wetlands, old growth forests and communities of 
limited distribution at both a local and regional scale; 

• describe and quantify the current extent of habitat fragmentation at both a local and regional scale; 

• identify and map at a local scale any rare plant species and rare ecological communities as defined 
by the federal Species at Risk Act (SARA), the Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC), the Alberta Wildlife Act; The General Status of Alberta Wild Species (Alberta 
Sustainable Resource and Development [ASRD] 2011a), and the Alberta Conservation Information 
Management System (ACIMS); 

• record the abundance and distribution at a local scale of non-native invasive species; and 

The purpose of Aboriginal participation during the vegetation baseline studies was to document the 
Traditional Ecological Knowledge (TEK) that has accumulated over generations and been passed down 
to Elders to inform the baseline environmental conditions and to identify potential opportunities for 
mitigation. The overall objectives of Aboriginal participation were to: 

• document Aboriginal TEK shared during the field work; 

• provide TEK input into Project development; 

• determine baseline environmental and socio-economic conditions informed by TEK; and 

• identify potential mitigation opportunities.  
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1A.2 Methods 

1A.2.1 Study Area Boundaries 

The spatial boundaries considered for the vegetation assessment include the: 

• Project Area, which is the area directly disturbed by Project activities; 

• Vegetation Local Study Area (LSA) described in Section 1A.2.1.1; and 

• Vegetation Regional Study Area (RSA) described in Section 1A.2.1.2. 

1A.2.1.1 Local Study Area 

The LSA is the area surrounding and including the Project Area, where there is a reasonable potential for 
immediate environmental impacts due to ongoing project activities. The LSA is defined as a 450 m wide 
buffer around the edge of the Project Area and is located in Townships 77 and 78, Ranges 18 and 17 
W4M, and is 6,136 ha in area (Figure 1.3-1 in Section 1.3).  

Key considerations used to establish the spatial boundaries of the LSA for the Project were the expected 
distance that changes in light regime, microclimate, dust effects, other edge effects and hydrology are 
expected to extend from a disturbed area. Although existing vegetation will only be altered in the Project 
Area, vegetation composition in areas adjacent to the Project Area will be affected by indirect effects 
resulting from clearing. These changes are often referred to as edge effects. The spatial extent of 
changes in vegetation composition may be affected by a number of factors. In one study, increased light 
was shown to allow the invasion of shade-intolerant vegetation up to 30 m (Ranney et al. 1981). 
Microclimate changes are known to extend from 10-50 m from the edge of a road surface (Forman et al. 
2003). Additionally, sand and silt effects from road dust may extend 5-40 m from a road surface (Forman 
et al. 2003). Although, some roadway effects are not applicable to all components of the Project, such as 
the well pads, the clearing of native vegetation will result in similar effects in many instances. In addition, 
previous studies have observed edge effects ranging from 20-150 m (where edge effects do not relate to 
sensitive wildlife species) from the disturbance (Sustainable Ecosystems Working Group [SEWG] 2002). 
Therefore, the distances that the effects described above are expected to extend would be up to 150 m. 
Wetlands could be affected by changes to local hydrology and topography in addition to the above 
mentioned edge effects. A Qualified Wetland Aquatic Environment Specialist (QWAES) takes into 
account a variety of factors, such as wetland types and distribution and hydrologic and topographical 
connectivity between wetlands based on field work results to further define the LSA. In consultation with a 
QWAES, a LSA larger than 150 m from the edge of the Project Area was established in order to ensure 
data was analyzed for a sufficient area adjacent to the Project Area. All of the considerations discussed 
above resulted in a Vegetation LSA delineated to include the area within a buffer of 450 m from the 
Project Area was established as the LSA to ensure a conservative estimate of the area in which 
vegetation resources are most likely to be affected by the Project. 

1A.2.1.2 Regional Study Area 

The RSA is the area within which there is the potential for cumulative and socio-economic effects, and 
that will be relevant to the assessment of any wider-spread effects of the Project. The RSA consists of a 
broader area extending beyond the LSA boundary and is defined by the Athabasca River to the west, 
Duncan Creek to the south and southeast and unnamed creeks to the north and east. The RSA is located 
in Townships 73 through 78, Ranges 16, 17 and 18 W4M, and is 74,488 ha in area with a 165 km 
perimeter (Figure 1.3-1 in Section 1.3). 

Key considerations in defining the RSA were the separation distance typically used to distinguish one rare 
plant population from another, the distance at which wind effects (as a result of clearing) may extend into 
an area of native vegetation and the interrelationship of vegetation resources with other elements such as 
soils, hydrology and wildlife. Element Occurrences (EO) are the area in which a species or community is 
or was present. According to the NatureServe methodology, an EO generally refers to a local population 
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or a stand/patch of a community (NatureServe 2002). A Principle EO is defined as the occupied habitat 
that contributes to the persistence of a species at that location. Although there are many factors which 
may be taken into account, in general, the minimum separation distance for species EOs is 1 km 
(NatureServe 2002). The NatureServe methodology is used by provincial conservation data centres 
(including ACIMS) to define records of rare species and communities, and rank species rarity (Kemper 
2009). Changes in wind patterns as a result of clearing can affect weed dispersal. Although weed 
dispersal distances depend on a number of factors including the weed species, primary mode of 
reproduction, propagule dispersal vector and context of the infestation, many weed species produce large 
numbers of seeds which are wind dispersed. For example, approximately one third of the species listed in 
the Alberta Weed Regulation belong to the sunflower family (Asteraceae) which is adapted for wind 
dispersal. It has been noted that changes in wind currents may be detected at a distance (from the edge) 
of 100 times the height of the vegetation (Saunders et al. 1991). Based on Alberta Vegetation Inventory 
(AVI) data available for the Project, the taller trees in the LSA are 36 m tall (Alberta Pacific Forest 
Products Limited [Al-Pac] 2010). Therefore, meteorological edge effects have the potential to influence 
vegetation up to 3.6 km away (Saunders et al. 1991). The RSA focuses on encompassing expansive 
wetlands, waterbodies and riparian zones that are associated with the hydrology of wetland complexes in 
the Project Area. The watercourses that border the RSA make up the hydrological regime of wetlands 
within the RSA, including a large fen that originates to the south of the Project. Numerous wetlands in the 
LSA are minerogenous hydrological systems. Since the existence and condition of these types of 
wetlands depends on linkage with the regional water system (i.e. channelized overland or channelized 
flow) (National Wetland Working Group [NWWG] 1997), it is important that the RSA includes these 
features. Unnamed tributaries (i.e. drainages) to the Athabasca River are encompassed within the RSA.  

1A.2.2 Desktop / Literature Review 

1A.2.2.1 Ecological Setting 

The LSA primarily occurs in the Central Mixedwood Natural Subregion while approximately 10% occurs in 
the Lower Boreal Highlands (Natural Regions Committee [NRC] 2006) (Figure 1.3-2 in Section 1.3). The 
RSA spans these two Natural Subregions (Figure 1.3-2 in Section 1.3). The LSA and RSA are located in 
the Continental High Boreal Wetland Region (Government of Canada 1986).  

The Central Mixedwood Natural Subregion is the largest Natural Subregion in Alberta and is 
characterized by upland forests and wetlands on level to gently undulating plains. Upland forests are a 
mosaic of aspen, mixedwood and white spruce. Common understory species include low-bush cranberry, 
prickly rose, green alder, Canada buffaloberry, hairy wild rye, bunchberry, wild sarsaparilla and dewberry. 
Jack pine stands occur on coarser materials. Wetlands are often extensive and are dominated by black 
spruce fens and bogs (NRC 2006). 

Landscapes in the Lower Boreal Highlands Natural Subregion are characterized by diverse mixedwood 
forests on moist lower slopes of northern hill systems and extensive wetlands at slope bases and on 
adjacent lowlands. Forests are a mix of aspen, balsam poplar, black spruce, white spruce, white birch 
with hybrids of lodgepole pine and jack pine occurring specifically on slopes. Treed, shrubby or graminoid 
fens occur in depressions, seepage zones or level areas. This Subregion has slightly colder winters and 
warmer summers than the higher-elevation Upper Boreal Highlands Natural Subregion and is moister and 
cooler than the adjacent Central Mixedwood and Dry Mixedwood Natural Subregions (NRC 2006).  

In the Continental High Boreal Wetland Region, characteristic wetlands are peat plateau bogs, palsa bogs 
and veneer bogs. Collapse scars and/or collapse scar bogs can be associated with or occur within 
plateau and palsa bogs. Continuous permafrost occurs in peat plateau and palsa bogs, and the amount of 
collapsing decreases in northern areas. The active layer (i.e., the surficial layer above permafrost which 
thaws during summer) ranges from 40-60 cm in the north, to 1-2 m on the southern fringe. Veneer bogs, 
common in the northern areas, are characterized by active layers of varying depths and permafrost. 
Stream swamps are locally common. The average peat thickness is 2-3 m (Government of 
Canada 1986). 
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1A.2.2.2 Wetlands Literature Review 

A literature review was conducted using various wetland focused resources at the RSA scale. These 
resources include Ramsar Wetlands of International Importance and Ducks Unlimited Canada Wetland 
Conservation Priority Areas. The results of the literature review are provided below. 

Ramsar Wetlands of International Importance 
Currently, Canada has 37 Ramsar Convention designated wetlands that have international importance 
related to ecology, botany, zoology, limnology or hydrology (Ramsar 1987). These sites support the 
Ramsar vision "to develop and maintain an international network of wetlands which are important for the 
conservation of global biological diversity and for sustaining human life through the ecological and 
hydrological functions they perform" (Ramsar 1987).  

The Ramsar Convention is recognized within the Canadian federal government policy on wetland 
conservation. The objective with respect to wetlands is to promote the conservation of Canada's wetlands 
to sustain their ecological and socio-economic functions now and in the future and is to be met with the 
maintenance of wetland functions through the no net loss of wetland function concept combined with 
sound sustainable management practices and resource planning (Environment Canada 1991, 1996, 
Lynch-Stewart 1992, Lynch-Stewart et al. 1996).  

There are no Ramsar Wetlands of International Importance in the RSA (Bureau of the Convention on 
Wetlands 2012). 

Ducks Unlimited Canada Wetland Conservation Priority Areas 
Ducks Unlimited Canada (DUC) is conserving wetlands and associated habitats across Canada. DUC 
has designated 24 Conservation Priority Areas (areas of national ecological significance due to its unique 
habitat and diversity of plant and animal species) in Alberta (DUC 2012). 

The RSA is located in the DUC Western Boreal Forest Conservation Program Region although it does not 
traverse any DUC Conservation Priority Areas (DUC 2012). 

1A.2.3 Vegetation Community Classification 

Vegetation communities were mapped using a variety of established classification systems at the LSA 
scale using AVI data (Al-Pac 2010). The ecological land classification (ELC) system outlined in the Field 
Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) was used to classify upland 
forested areas, peatlands and marshes. The Alberta Wetland Inventory Classification (AWI) system 
(Halsey et al. 2004) was used to classify wetlands. Some classifications for disturbed and non-forested 
land were also assigned that do not fall within these classifications systems. Land cover classifications 
(LCC) at the RSA scale were assigned based on Alberta Ground Cover Characterization (AGCC) strata 
(Sánchez-Azofeifa et al. 2004) and derived from Landsat5 TM Level 1T reflectance data (United States 
Geological Survey 2011). 

In addition to mapping vegetation communities using established classification systems, vegetation 
communities with specific characteristics of interest for the vegetation impact assessment were also 
mapped. Vegetation communities with the potential to be old growth forests, riparian areas, communities 
of limited distribution, or to support rare ecological communities or rare plants, were mapped. 

1A.2.3.1 Ecological Land Classification 

AVI polygons were classified to Ecosite Phase using the ELC system as described in the Field Guide to 
Ecosites of Northern Alberta (Beckingham and Archibald 1996). This classification system organizes 
ecological information by classifying, identifying and naming distinct ecological units. The aim of this 
system is to increase understanding of ecological function and inform ecologically based management 
and planning. 
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The organization within this classification system is a hierarchical system, starting with ecosite as the 
largest unit. Ecosites are functional ecological units that develop under similar conditions such as 
moisture and nutrient regime. Each ecosite is represented by a lowercase letter with "a" being the driest 
and nutrient poor and each subsequent letter denotes a progressively wetter and/or nutrient richer unit. 
Within each ecosite there are often several Ecosite Phases. Ecosite Phases are defined based on the 
dominant canopy species (or tallest vegetation layer where trees are not present). Ecosite Phases are 
identified by a letter, representing the ecosite and a number representing each distinct phase. Numerous 
plant community types are defined within each Ecosite Phase. Unique plant communities within an 
Ecosite Phase are defined based on understory species composition and abundance. Plant communities 
are represented by the alphanumeric code which identifies the Ecosite Phase followed by a period and 
another number which represents the plant community type. For example, d1.1 Aw/Canada buffalo-berry 
is one of many plant communities within the d1 low-bush cranberry Aw Ecosite Phase (where Aw refers to 
aspen). It is not possible to determine plant community types from AVI data or imagery interpretation, 
therefore polygons have been classified to Ecosite Phase.  

The LSA is located within the Boreal Mixedwood Ecological Area as described in the Field Guide to 
Ecosites of Northern Alberta (Beckingham and Archibald 1996). This Ecological Area corresponds to the 
Central Mixedwood Natural Subregion from the 1994 Alberta Natural Regions and Subregions (Alberta 
Environmental Protection 1994). In 2006, the Natural Subregion boundaries were updated using a finer 
level of detail due to improved ecological knowledge throughout the province (NRC 2006). During this 
update, the Lower Boreal Highlands Natural Subregion was newly recognized. Approximately 10% of the 
LSA is located within the Lower Boreal Highlands Natural Subregion, which transitions between the lower 
elevation Central Mixedwood Natural Region and the higher elevation Upper Boreal Highlands in the 
Stony Mountains (NRC 2006). The vegetation of the Lower Boreal Highlands is not well documented, and 
where it is addressed, vegetation descriptions are very similar to those for the Central Mixedwood Natural 
Subregion (NRC 2006). Since the Boreal Highlands Ecological Area, noted in the Ecosites of Northern 
Alberta, does not span the LSA (Beckingham and Archibald 1996) and due to the similarities in vegetation 
between the Central Mixedwood and Lower Boreal Highlands Natural Subregions, Ecosite Phases have 
been classified using the Boreal Mixedwood Ecological Area classifications within the LSA (Figure 1A-1). 
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Figure 1A-1.  Edatope (moisture/nutrient grid) showing the location of ecosites for the Boreal Mixedwood.
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A preliminary land cover classification map of the LSA was created using AVI data (Al-Pac 2010). The 
classification resulted in 21 preliminary land cover classifications based on dominant cover and date of 
origin for forested lands (Table 1A-1).  

TABLE 1A-1 
 

LSA PRELIMINARY LAND COVER CLASSIFICATIONS 

Type Preliminary Land Cover Classification 
Forested Upland Young deciduous 

Mature deciduous 
Old deciduous 
Young mixedwood 
Mature mixedwood 
Old mixedwood 
Young pine 
Mature pine 
Old pine 
Young coniferous (non-pine) 
Coniferous (non-pine) 
Coniferous (non-pine) 

Wetland Young bog 
Mature bog 
Old bog 

Disturbance / Non-Forested Cutblock 
Dense shrub 
Open shrub 
Sparse shrub 
Grassland 
Herbaceous 

 
The preliminary land cover classifications are broad classifications that allow for multiple Ecosite Phase 
classifications. The preliminary land cover classification map was used to select areas for the preliminary 
vegetation field survey conducted from July 27 to July 31, 2010, so that a diversity of potential Ecosite 
Phases could be sampled. At visual check plots in 2010, data was collected which included slope, meso 
slope position, soil moisture and soil nutrient regime, and percent foliar cover of dominant plant species. 
Percent foliar cover is the vertical projection of the foliage on to the ground surface of each layer (tree, 
shrub, herb, moss). Therefore, it would be possible to have more than 100% total foliar cover due to 
overlap. An Ecosite Phase classification was assigned to each visual check plot and the data collected at 
these locations was used to create a model to predict Ecosite Phase based on AVI polygon attributes.  

ELCs were assigned to AVI polygons in the LSA using the data that was collected during the preliminary 
vegetation field survey. In addition to field survey data, forestry data from Millar Western Forest Products 
Ltd. (Millar Western) was used to more accurately classify the baseline forestry disturbance (Millar 
Western 2011). Historic wildfire data from ASRD (2011b) was also used to more accurately classify the 
baseline natural disturbance. This mapping resulted in 27 ELCs which include 21 Ecosite Phases for 
forested upland and wetland land cover (Table 1A-2).  
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TABLE 1A-2 
 

LSA ECOLOGICAL LAND CLASSIFICATIONS 

Type Ecological Land Classification1 
Forested Upland b3 - blueberry Aw-Sw 

c1 - Labrador tea-mesic Pj-Sb 
d1 - low-bush cranberry Aw 
d2 - low-bush cranberry Aw-Sw 
d3 - low-bush cranberry Sw 
e1 - dogwood Pb-Aw 
e2 - dogwood Pb-Sw 
e3 - dogwood Sw 
f1 - horsetail Pb-Aw 
f2 - horsetail Pb-Sw 
f3 - horsetail Sw 
g1 - Labrador tea-subhygric Sb-Pj 
h1 - Labrador tea/horsetail Sw-Sb 

Wetland i1 - treed bog 
i2 - shrubby bog 
j1 - treed poor fen 
j2 - shrubby poor fen 
k1 - treed rich fen 
k2 - shrubby rich fen 
k3 - graminoid rich fen 
l1 - marsh 
Shrubby Wetland* (non-peat forming wetland dominated by shrubs) 

Non-Forested / Natural 
Disturbance 

Meadow* (upland dominated by graminoid vegetation) 
Regenerating Burn* (wildfire within last 30 years) 

Anthropogenic Disturbance Regenerating Cutblock* (logged within last 30 years but older than 10 years) 
Cutblock* (logged within last 10 years or no trees regenerating) 
Anthropogenic* (rights-of-way, well sites, roads, etc.) 

Notes: 1. Two letter codes refer to tree species (i.e., Aw is aspen, Sw is white spruce, Pj is Jack pine and Sb is black spruce). 
 * ELCs are classified according to the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996). Additional classifications 

were created where this Guide did not outline an equivalent vegetation community. 
 
The final vegetation field surveys were conducted from June 24 to July 1, 2011 and from July 26 to 
August 2, 2011. Final vegetation field survey locations, within and near the LSA, were selected to sample 
each ELC predicted with a total of 259 vegetation survey plots. Final vegetation field surveys included 
detailed plots, ground plots and visual check plots. Details of the vegetation field surveys are included in 
Section 1A.2.6 of this report. 

Final revisions to the ELC map were made following the final vegetation field surveys.  

1A.2.3.2 Alberta Wetland Inventory Classification 

Wetlands within the LSA were classified using the AWI classification system (Halsey et al. 2004). The 
AWI classification system categorizes wetlands based on four levels of characters that are visible from 
aerial photographs:  

• wetland class;  

• vegetation modifier;  

• wetland complex landform modifier; and  

• local landform/vegetation modifier.  
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Peatlands are subdivided into the wetland class fen or bog. Non-peat forming wetlands are subdivided 
into the wetland class shallow open water, marsh or swamp. Fen, bog and swamp wetland classes can 
have the vegetation modifier forested (>70% tree cover), wooded (>6 to 70% tree cover) or open (<6% 
tree cover), while marsh and shallow open water wetland classes can only have the vegetation modifier 
open. The complex landform modifier for patterning is restricted to fen wetland classes while the modifier 
for permafrost is almost exclusively restricted to bog wetland classes. All non-peat forming wetlands will 
not have patterning or permafrost. The local landform/vegetation modifiers that could be applied to open 
wetlands are shrub cover (>25% cover) or graminoid dominated (shrub cover <25%). Forested to wooded 
peatland classes could have a local landform/vegetation modifier related to permafrost applied such as 
collapse scar, internal lawns with islands of forested peat plateau, internal lawns or no internal lawns 
present. Wooded to forested non-peat forming wetlands will only have the local landform/vegetation 
modifier of no internal lawns present applied. Table 1A-3 outlines the AWI wetland classification scheme 
employed in the LSA. Table 1A-4 illustrates the concordance between wetland Ecosite Phases and all 
possible AWI classifications. 

TABLE 1A-3 
 

WETLAND CLASSIFICATION SCHEME 

Modifier Classification Symbol 

Wetland Class 

Bog B 
Fen F 
Swamp S 
Marsh M 
Shallow Open Water W 
Non-wetland Z 

Vegetation Modifier 
Forested: closed canopy > 70% tree coverage F 
Wooded: open canopy >6 – 70 % tree coverage T 
Open: shrubs, sedges, graminoids, herbs, etc., < 6 % tree cover O 

Wetland Complex 
Landform Modifier 

Permafrost present X 
Patterning present P 
Permafrost or patterning not present N 

Local Landform Modifier 

Collapse scar C 
Internal lawn with islands of forested peat plateau R 
Internal lawns I 
No internal lawns are present N 
Shrub cover > 25 % when tree cover < 6 % S 
Graminoid dominated with shrub cover < 25 % and tree cover < 6 % G 

Source: Halsey et al. (2004). 

 
TABLE 1A-4 

 
CONCORDANCE BETWEEN ALBERTA WETLAND INVENTORY AND 

ECOSITE PHASE CLASSIFICATIONS 

Alberta Wetland Inventory Ecosite Phase 
Bogs (B___) 
- permafrost or internal lawns may or may not be present 
- > 40 cm organics 
- forested exclusively with black spruce 

i1 and i2 (Treed and shrubby bogs) 

Wooded Fens (FT__) 
- > 40 cm organics 
- forested with some combination of black spruce and 
tamarack 

j1 (Treed poor fen) 
k1 (Treed rich fen) 

Shrubby Fens (FONS) 
- > 40 cm organics 
- shrub layer generally < 2 m 
- bryophytes common in ground layer 

j2 (Shrubby poor fen) with > 40 cm organics 
k2 (Shrubby poor fen) with > 40 cm organics 
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TABLE 1A-4  Cont'd 

Alberta Wetland Inventory Ecosite Phase 
Graminoid Fens (FONG and FOPN) 
- >40 cm organics 
- bryophytes common in ground layer 

k3 (Graminiod rich fen) 

Wooded Swamps (STNN) 
- < 40 cm organics 
- dominated by some combination of black spruce and 
tamarack 

f1 (Horsetail Pb-Aw); f2 (Horsetail Pb-Sw); f3 (Horsetail Sw) 
- Defined vegetation community not in concordance; however, dominance of 
some combination of black spruce and tamarack with white spruce and balsam 
poplar and other species is suggestive of this Ecosite Phase. 
g1 (Labrador tea-subhygric Sb-Pj) 
- most of these polygons in the LSA have < 40 cm organics 
h1(Labrador tea/horsetail Sw-Sb) 
- most of these polygons in the LSA have < 40 cm organics 

Shrubby swamps 
- < 40 cm organics 

j2 (Shrubby poor fen) with < 40 cm organics 
k2 (Shrubby poor fen) with < 40 cm organics 

Marsh 
- <40 cm organics 
- bryophytes not typically abundant 

l1 (Marsh) 

Source: Halsey et al. (2004). 
 
The process for mapping wetlands within the LSA classified using the AWI classification system (Halsey 
et al. 2004) was similar to the process for mapping ELC. The preliminary land cover classification map 
created using AVI data (Al-Pac 2010) was used to select areas for the preliminary vegetation field survey 
conducted from July 27 to July 31, 2010, so that a diversity of potential AWI classifications could be 
sampled. The field data collection process was similar to the process for ELC. An AWI classification was 
assigned to each visual check wetland plot.  

AWI classifications were assigned to AVI polygons in the LSA using a combination of the data that was 
collected during preliminary vegetation field survey and satellite imagery interpretation. In addition to field 
survey data, forestry data from Millar Western was used to more accurately classify the baseline forestry 
disturbance (Millar Western 2011). Historic wildfire data from ASRD (2011b) was also used to more 
accurately classify the baseline natural disturbance. This mapping resulted in nine AWI classifications 
(Table 1A-5) 

TABLE 1A-5 
 

LSA ALBERTA WETLAND INVENTORY CLASSIFICATIONS 

Type Alberta Wetland Inventory Classification 

Bog BONS – Shrub dominated bog with no permafrost 
BTNN – Wooded bog with no permafrost nor internal lawns 

Fen FONG – Graminoid dominated fen with no patterning 
FONS – Shrub dominated fen with no patterning 
FTNN – Wooded fen with no patterning nor internal lawns 

Swamp SONS – Shrub dominated swamp 
STNN – Wooded swamp 

Marsh MONG – Graminoid dominated marsh 
Shallow Open Water WONN – Open water zones of wetlands 

 

The final vegetation field surveys were conducted June 24 to July 1, 2011 and July 26 to August 2, 2011. 
Final vegetation field survey locations, within and near the LSA, were selected to sample each AWI 
classification predicted with a total of 259 vegetation survey plots, 122 of which were within wetlands. 
Final vegetation field surveys included detailed plots, ground plots and visual check plots. Details of the 
vegetation field surveys are included in Section 1A.2.6 of this report. In addition to vegetation field 
surveys, a helicopter overflight and ground-based field-work to confirm AWI classifications was conducted 
July 23-25, 2011. Details of the helicopter reconnaissance and associated ground-based field-work are 
included in Section 1A.2.6 of this report. 
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Final revisions to the AWI map were made following the final vegetation field surveys and helicopter 
reconnaissance.  

1A.2.3.3 Land Cover Classification 

AVI data was not available for the entire RSA. Satellite imagery was available for the entire RSA and was 
used to predict land cover. A LCC was assigned to each raster of the satellite imagery within the RSA 
following the AGCC strata (Sánchez-Azofeifa et al. 2004). The broad categories that LCC are organized 
into are Forested Upland, Wetland and Water (graminoid wetlands, shrub dominated wetlands, forested 
wetlands and water), Natural Disturbance (due to wildfire [ASRD 2011b]), Anthropogenic Disturbance 
(non-vegetated, grassland and shrubland) and Unclassifiable (due to shadow, cloud or no data).Forested 
uplands and wetlands, where tree cover was estimated to be greater than 6%, were further classified by 
the predicted dominant tree species. Areas with less than 6% tree cover and greater than 25% shrub 
cover were classified as shrub dominated uplands or wetlands. Areas with less than 6% tree cover and 
less than 25% shrub cover were classified as grass dominated uplands or wetlands. Areas of open water, 
whether standing water as in a lake or running water as in a river, were classified as water. Table 1A-6 
details the ELC and AWI map units that are comparable to the LCC within the RSA. 

The LCC map of the RSA was created using image classification. Unsupervised image classification was 
conducted using a geographic information system (GIS) and the resulting unique spectral signatures were 
categorized as LCC by referencing a subset of the 259 vegetation survey locations. The imagery source 
was Landsat5 TM Level 1T reflectance data (United States Geological Survey 2011) at a resolution of 
30 m x 30 m pixels. Additional LCC based on satellite imagery interpretation were also assigned. For 
instance, since no vegetation survey locations were located in open water, the spectral signature of 
locations along the Athabasca River and McMillan Lake were used to train the model to recognize open 
water. Due to the unsupervised classification technique, all vegetation field locations were available to be 
used to assess the accuracy of the RSA LCC map. The resulting map predicted land cover with greater 
accuracy than AGCC for the RSA and was updated with recent disturbances and approved projects 
(TERA 2012, ASRD 2011b).  

TABLE 1A-6 
 

RSA LAND COVER CLASSES 

LLC* Corresponding ELC Corresponding AWI Notes 
Forested Upland (>6% tree cover) 

Black spruce  c1, g1, h1 ---  
Closed pine  a1, b4, c1 ---  
Closed white spruce  b4, d3, e3, f3, h1 ---  
Closed aspen, balsam poplar and/or birch  b2, d1, e1, f1 ---  
Closed coniferous and deciduous cover (40-60%)  b1, b3, d2, e2, f2, h1 --- Mixedwood 

Wetland and Water 
Graminoid wetlands l1, k3 FONG, MONG, WONN  
Shrubby wetlands Shrubby Wetland, k2 SONS, FONS  
Black spruce bog g1, h1, i1, i2, j1, j2 BTNN, BONS, FTNN, 

FONS, STNN 
sphagnum understory 

Wooded fen  j1, j2, k1 FTNN, FONS  
Lake, pond, river, stream  l1 MONG, WONN  

Natural Disturbance 
Burn grassland Regenerating Burn --- Wildfire within the last 30 

years. 
<25% shrub cover and <6% 
tree cover 

Burn upland shrub Regenerating Burn --- Wildfire within the last 30 
years. 
>25% shrub cover and <6% 
tree cover 

Anthropogenic Disturbance 
Anthropogenic non-vegetated Anthropogenic --- Primary and secondary 

roads, oil and gas facilities 
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TABLE 1A-6  Cont'd 

LLC* Corresponding ELC Corresponding AWI Notes 
Mixed grassland Meadow, Anthropogenic, 

Cutblock 
--- <25% shrub cover and <6% 

tree cover 
Closed upland shrub Cutblock, Regenerating 

Cutblock, 
--- >25% shrub cover and <6% 

tree cover 
Unclassifiable 

Cloud / shadow  --- ---  
No data  --- ---  

Note: * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 

 
Since Landsat 5 data is raster–based, and AVI data (the LSA scale ELC and AWI mapping are derived 
from AVI) is vector-based, area calculations of comparable map units at the RSA and LSA scale may not 
be equal. In addition, 3D-seismic was not included in the LCC map due to large pixel sizes in relation to 
the width of the disturbance (i.e., 30 m wide pixels compared to <4 m wide disturbance). The LCC 
scheme is broader in scope than the ELC or AWI classification systems and, therefore, there is often no 
direct comparison between classification systems. 

1A.2.3.4 Old Growth Forests 

A clear, universally accepted definition for old growth forest does not exist (Geowest Environmental 
Consultants Ltd. [Geowest] 1996, Hilbert and Wiensczyk 2007, Hunter 1989, Spies 2004). In general, 
definitions of old growth forest within the scientific literature focus on the presence of structural 
characteristics such as large old living trees, large standing dead trees or snags (dead trees broken off at 
the top), complex canopy structure, and coarse woody material (i.e., logs) in both the terrestrial and 
aquatic environment (Franklin and Spies 1991, Geowest 1996, as reviewed in Braumandl and Holt 2000, 
Hilbert and Wiensczyk 2007). This concept of old growth forest is from an ecological perspective and 
considers the composition and function of old growth forests to generally be a result of underlying 
structural characteristics (Franklin and Spies 1991, as reviewed in Braumandl and Holt 2000). 

AVI polygons included 'date of origin' data (i.e., when the trees were planted) (Al-Pac 2010) and stand 
age data for the LSA was inferred from the 'date of origin'. No such data exists for the RSA and, therefore, 
old growth forest was not mapped for the RSA scale. Although documentation of ecological conditions 
and structural characteristics are necessary for verification of successional status and habitat, potential, 
old growth forests are mainly differentiated from immature stands based upon the date of origin (i.e., 
stand age). Minimum age for mature and old growth stands in the boreal forest may be generalized 
according to canopy forming species composition (Schneider 2002, Timoney 2001) (Table 1A-7). 

TABLE 1A-7 
 

MINIMUM AGES FOR OLD GROWTH FORESTS 

Canopy Composition Corresponding ELC Mature Old Growth 
Deciduous b2, d1, e1, f1 80 - 100 >100 
Mixed Deciduous - Coniferous b1, b3, d2, e2, f2 80 - 100 >100 
Coniferous - Pine Dominant a1, b4, c1, g1 80 - 120 >120 
Coniferous - Spruce Dominant d3, e3, f3, h1, i1, i2, j1, j2, k1, k2 100 - 140 >140 

Sources:  adapted based on Schneider (2002), Timoney (2001) 
 

1A.2.3.5 Riparian Areas 

Riparian areas are “…interfaces between terrestrial and aquatic ecosystems. As ecotones, they 
encompass sharp gradients of environmental factors, ecological processes, and plant communities. 
Riparian zones are not easily delineated but are comprised of mosaics of landforms, communities, and 
environments within the larger landscapes...” (Gregory et al., 1991). In addition to contributing to 
landscape-level diversity, riparian areas contribute to species-level diversity since they support a relatively 
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high diversity of nonvascular and vascular plants due to a wide variety of growing conditions within a 
limited area and the complex interaction of disturbance and succession (Lee and Smyth 2003). 

Riparian areas were determined by applying a 50 m wide buffer to waterbodies. A 50 m buffer was 
chosen as a conservative estimate of riparian area, as discussed in the Aquatic Ecology Assessment 
(Volume 3, Section 4.0). Within the LSA, the amount of each ELC classified as riparian area was 
determined. Within the RSA, the amount of each LCC classified as riparian area was determined. 

1A.2.3.6 Communities of Limited Distribution 

Communities of limited distribution are ELC and AWI classified wetlands that cover 1% or less of the LSA. 
At the RSA scale, LCCs that cover 1% or less of the RSA are considered communities of limited 
distribution. These communities contribute to landscape level diversity and have the potential to support 
plant species that do not occur elsewhere within the LSA or RSA. 

1A.2.3.7 Rare Ecological Community and Rare Plant Potential 

Information regarding records of known rare ecological community or rare plant occurrences within the 
RSA was requested from ACIMS. 

A literature review was conducted prior to the vegetation baseline surveys to identify rare ecological 
communities and rare vascular plant species with potential to occur in the Central Mixedwood and Lower 
Boreal Highland Natural Subregions. Using data available from ASRD, ACIMS, COSEWIC and 
Environment Canada, tables of potential rare ecological communities (Attachment 1A1) and rare vascular 
plant species (Attachment 1A2) were compiled.  

ACIMS rare ecological community data are available by Natural Subregion (Allen 2011). Attachment 1A1 
was modified to include whether the known range of the community occurs within the RSA. This was 
accomplished using distribution maps of the component species and, if necessary, through personal 
communication with ACIMS. Rare ecological communities were then related to Project Ecosite Phases in 
which the community may occur (Beckingham and Archibald 1996).  

Ecosite Phases were assigned a rare ecological community potential of low, moderate or high based 
upon the number of rare ecological communities that had the potential to occur within them (Table 1A-8 
based on Attachment 1A1). Categorical rankings of low, moderate or high were applied to each ELC 
according to patterns of modality in the respective rank-order distribution where qualitatively apparent. 

TABLE 1A-8 
 

LSA BASELINE ELC COMMUNITIES’ POTENTIAL TO SUPPORT RARE ECOLOGICAL 
COMMUNITIES 

ELC Number of Potential Rare Ecological Communities Ranked Potential1 
Forested Upland 

b3 - blueberry Aw-Sw 6 high 
c1 - Labrador tea-mesic Pj-Sb 1 low 
d1 - low-bush cranberry Aw 6 high 
d2 - low-bush cranberry Aw-Sw 1 low 
d3 - low-bush cranberry Sw 2 low 
e1 - dogwood Pb-Aw 6 high 
e2 - dogwood Pb-Sw 4 moderate 
e3 - dogwood Sw 2 low 
f1 - horsetail Pb-Aw 6 high 
f2 - horsetail Pb-Sw 6 high 
f3 - horsetail Sw 2 low 
g1 - Labrador tea-subhygric Sb-Pj 0 low 
h1 - Labrador tea/horsetail Sw-Sb 4 moderate 
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TABLE 1A-8  Cont'd 

ELC Number of Potential Rare Ecological Communities Ranked Potential1 
Wetland 

i1 - treed bog 2 low 
i2 - shrubby bog 2 low 
j1 - treed poor fen 4 moderate 
j2 - shrubby poor fen 5 moderate 
k1 - treed rich fen 2 low 
k2 - shrubby rich fen 7 high 
k3 - graminoid rich fen 9 high 
l1 - marsh 11 high 
Shrubby Wetland* 7 high 

Non-Forested / Natural Disturbance 
Meadow* 0 low 
Regenerating Burn* 0 low 

Anthropogenic Disturbance 
Regenerating Cutblock* 0 low 
Cutblock* 0 low 
Anthropogenic* 0 low 

Notes: 1. Ranked Potential categories are as follows: low = 0 to 2 potential rare ecological communities, moderate = 3 to 5 potential rare ecological 
communities, high = 6 or greater potential rare ecological communities. 

 * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 

 
The List of Tracked and Watched Elements is made available by Natural Subregion and the latest edition 
was provided in 2011 (ACIMS 2011a). Additional rare vascular plant species were added to 
Attachment 1A2 from the General Status of Alberta Wild Species (ASRD 2011a). Habitats for rare 
vascular plants were added to Attachment 1A2 using Kershaw et al. (2001) and Moss (1983) and were 
related to Project Ecosite Phases in which the habitats may occur (Beckingham and Archibald 1996). 
Whether the individual species' habitats were present within the LSA was determined based on ELC 
expected to occur in the LSA and were later confirmed based on ELC observed during the vegetation 
surveys. Nonvascular plants are not included in Attachment 1A2 since a modified Alberta Biodiversity 
Monitoring Program (ABMP) (Doubt and Belland 2000, ABMP 2006a,b, ABMI 2010) list of priority habitats 
for nonvascular species (Attachment 1A3) was used as opposed to Ecosite Phases. 

Ecosite Phases were assigned a rare plant potential of low, moderate or high based upon the number of 
rare vascular plants that had the potential to occur within them (Table 1A-9 based on Attachment 1A2). 
Categorical rankings of low, moderate or high were applied to each ELC according to patterns of modality 
in the respective rank-order distribution where qualitatively apparent. 

TABLE 1A-9 
 

LSA BASELINE ELC COMMUNITIES’ POTENTIAL TO SUPPORT RARE VASCULAR PLANTS 

ELC Number of Potential Rare Vascular Plants Ranked Potential1 
Forested Upland 

b3 - blueberry Aw-Sw 28 moderate 
c1 - Labrador tea-mesic Pj-Sb 21 low 
d1 - low-bush cranberry Aw 46 moderate 
d2 - low-bush cranberry Aw-Sw 47 moderate 
d3 - low-bush cranberry Sw 50 moderate 
e1 - dogwood Pb-Aw 74 high 
e2 - dogwood Pb-Sw 75 high 
e3 - dogwood Sw 78 high 
f1 - horsetail Pb-Aw 75 high 
f2 - horsetail Pb-Sw 77 high 
f3 - horsetail Sw 79 high 
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TABLE 1A-9  Cont'd 

ELC Number of Potential Rare Vascular Plants Ranked Potential1 
g1 - Labrador tea-subhygric Sb-Pj 77 high 
h1 - Labrador tea/horsetail Sw-Sb 78 high 

Wetland 
i1 - treed bog 23 low 
i2 - shrubby bog 23 low 
j1 - treed poor fen 25 low 
j2 - shrubby poor fen 25 low 
k1 - treed rich fen 22 low 
k2 - shrubby rich fen 22 low 
k3 - graminoid rich fen 38 moderate 
l1 - marsh 67 high 
Shrubby Wetland* 67 high 

Non-Forested / Natural Disturbance 
Meadow* 33 moderate 
Regenerating Burn* 20 low 

Anthropogenic Disturbance 
Regenerating Cutblock* 16 low 
Cutblock* 22 low 
Anthropogenic* 18 low 

Notes: 1 Ranked Potential categories are as follows: low = 0 to 27 potential rare vascular plants, moderate = 28 to 50 potential rare vascular plants, 
high = 51 or greater potential rare vascular plants. 

 * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 

 

1A.2.4 Habitat Fragmentation 

Habitat fragmentation is a landscape-scale process involving both habitat loss and the breaking apart of 
habitat (Fahrig 2003). Habitat fragmentation due to the Project has the potential to impact the vegetation 
communities noted above. In order to determine whether the Project will result in significant negative 
residual effects related to habitat fragmentation, the baseline extent of habitat fragmentation was 
identified for the LSA and the RSA. For the purposes of this EIA, metrics that measure fragmentation in 
terms of habitat loss as well as breaking apart of habitat were employed. There are many metrics of 
habitat fragmentation and experts have not yet reached an agreement on how to measure patterns of 
fragmented landscapes (Bogaert 2003). Most research of fragmented landscapes is based on 
observational or theoretical studies and little experimental data exist on the long-term consequences of 
habitat fragmentation (Debinski and Holt 2000). Of the few experimental studies of habitat fragmentation, 
only a few focused on plant population and community dynamics (Debinski and Holt 2000). Agreement 
exists that a suite of metrics is necessary to cover the complexity of landscape patterns (Bogaert 2003). 
Effort has been made to avoid applying redundant metrics. 

FRAGSTATS (McGarigal et al. 2002) is a spatial pattern analysis program for categorical maps and was 
used to apply the metrics of habitat fragmentation summarized in Table 1A-10 at both the LSA and RSA 
scale. Details of how FRAGSTATS metrics were applied are included in Attachment 1A4. The LSA 
rasterized maps were created using the vector maps derived from AVI (Al-Pac 2010) at a resolution of 
4 m x 4 m pixels. Due to differences between raster and vector data models, area calculations of 
comparable map units at the LSA scale will not be equivalent. Additionally, 3D-seismic was not included 
in the raster data models for FRAGSTATS since the width of seismic lines is less than 4 m and was not 
consistently captured as a result. The RSA scale maps were already in a raster data model and did not 
require modification.  
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TABLE 1A-10 
 

LSA AND RSA SCALE HABITAT FRAGMENTATION METRICS 

FRAGSTATS Metric1 Measurable Parameter Level 
Vegetation Community Classification System 

LSA RSA 
Patch Area Distribution • Mean patch size 

• Standard deviation of patch size 
• Range of patch size 

class, 
landscape 

ELC, AWI, Riparian LCC, Riparian 

Edge Contrast Index 
Distribution 

• Mean percentage of patch edge adjacent to 
anthropogenic disturbance 

• Standard deviation of percentage of patch edge 
adjacent to anthropogenic disturbance 

• Range of percentage of patch edge adjacent to 
anthropogenic disturbance 

class, 
landscape 

ELC, AWI, Riparian LCC, Riparian 

Note: 1. FRAGSTATS metric from McGarigal et al. (2002). 
 

1A.2.5 Collection of Traditional Ecological Knowledge 

BlackPearl continues to facilitate the TEK program with potentially-affected Aboriginal communities for the 
Project. The TEK program focuses on Aboriginal communities' experiential knowledge of the land. TEK 
was gathered and recorded during the vegetation field work from June 24 to July 1, 2011 and July 26 to 
August 2, 2011 with a participant from Fort McMurray First Nation.  

During the 2011 biophysical field programs, TEK facilitators accompanied the participants to: discuss the 
Project and its potential effects on resources; collect and synthesize information related to TEK; and to 
ensure proprietary information was kept in confidence. Mitigation measures to reduce any potential 
Project-related effects on a resource were also discussed during the biophysical field programs. This 
information was recorded as spoken and reviewed at the end of each field day with the participants to 
ensure the information was accurately documented. Open discussions occurred regularly between 
participants and the discipline crew leads regarding the resources present and available to Aboriginal 
communities. Aspects of the environment that were important to Aboriginal participants and the 
importance of the resource from a western science perspective were also discussed. 

TEK relevant to vegetation resources that was collected during the biophysical field programs for the 
Project has been incorporated into this report. More information on the collection and results of TEK is 
provided in the TEK and Land Use Report in Volume 5, Section 3.0 of this EIA. 

1A.2.6 Field Surveys 

1A.2.6.1 Vegetation Field Surveys 

Vegetation field surveys included detailed plots, ground plots and visual check plots where data was 
collected within and near the LSA to confirm and refine vegetation community mapping. The preliminary 
vegetation field survey occurred from July 27 to July 31, 2010. Final vegetation field surveys to confirm 
Ecosite Phase and AWI classifications occurred June 24 to July 1, 2011 and July 26 to August 2, 2011. 

Both detailed and ground plot locations were selected in a location that was considered to be 
representative of the entire polygon and an effort was made to sample each Ecosite Phase within the 
LSA. Plot size was 400 m2 (plot shape varied between plots to ensure that each plot encompassed a 
homogeneous unit) and data collected at these plots included:  

• soil moisture regime and soil nutrient regime;  

• structural stage;  

• crown closure;  
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• site disturbance;  

• elevation;  

• slope;  

• aspect;  

• slope position;  

• surface topography;  

• surface substrates;  

• complete plant species list;  

• percent foliar cover by layer; and 

• percent foliar cover for each species by layer. 

At detailed plots, additional data was collected including mensurations of the three largest diameter trees 
of the dominant tree species (diameter at breast height [dbh], height to dbh, breast height age).  

Additional data was collected at both detailed and ground plots in relation to wildlife habitat such as 
number of snags, percent cover of coarse woody debris, average diameter of coarse woody debris and 
decay class of coarse woody debris. An ELC was assigned to each detailed and ground plot. If the ELC 
assigned was a wetland, further data was collected including depth of peat and an AWI classification was 
assigned.  

Visual checks are intended to be quick inspections for mapping purposes to confirm ELC and data 
collected at these locations briefly describe vegetation, soil attributes and terrain attributes. Additional 
data was collected in relation to wildlife habitat such as presence of snags, and presence and decay class 
of coarse woody debris. An ELC was assigned to each visual check plot. If the ELC assigned was a 
wetland, further data was collected including depth of peat and an AWI classification was assigned.  

Figure 1A-2 shows the locations of detailed, ground and visual check plots surveyed in both 2010 and 
2011. 
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FIGURE 1A-2

VEGETATION SURVEY LOCATIONS
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1A.2.6.2 Wetland Helicopter Overflight 

The 2011 wetland survey was conducted as a high level reconnaissance with the goal of understanding 
wetland distribution and generalized classifications and to obtain representative information on wetland 
types in the LSA. Three days of helicopter overflight and associated ground-based wetland surveys were 
conducted from July 23 to July 25, 2011 to confirm and refine AWI mapping. The helicopter overflight 
included the Project Area, as well as the boundaries of the LSA and RSA. Ground-based wetland survey 
sites were chosen at locations that displayed representative wetland types within the LSA. A baseline 
photo record of select wetlands within the LSA was captured. Additional wetland information was 
collected during the vegetation field surveys as described in Section 1A.2.6.1 of this report. 

Within the LSA, wetlands were classified according to the AWI Classification System Version 2.0 (Halsey 
et al., 2004) and supported by the Canadian Wetland Classification System (NWWG 1997) where key 
indicators such as hydrologic setting (i.e., geomorphology, hydroperiod), vegetation, soils, habitat and 
existing anthropogenic impacts (i.e., roads, structures) were used in the characterization of wetland type 
and overall function.  

At representative wetland types within the LSA, the following information was collected during the ground-
based wetland survey. 

General Information and Classification 

• Wetlands were geo-referenced using GPS (UTM), identified by legal location, and a site sketch was 
prepared. 

• Wetlands were photo documented and any existing disturbances either on or adjacent to the site 
were noted. 

• Wetlands were classified according to vegetation, hydrology and soils present, and signs of 
modification (e.g., beaver, human) were documented. 

Vegetation Function 

• Dominant vegetation was recorded (e.g., tree, shrub, herbaceous, emergent species, moss and/or 
weed species). 

Habitat Function 

• Habitat features were identified (e.g., snags present, browsing evident, sufficient cover and access to 
open water) and any wildlife observations or wildlife sign were recorded. 

Hydrological Function 

• Comments were made regarding surface water presence, movement; depth and sign of groundwater 
influence. 

Substrate Function 

• Substrate composition was documented as being mineral, woody-peat or mossy-peat. 

• Where peat was present, peat was probed to a depth of approximately 0.4 m to confirm sufficient 
peat accumulation for "peatland" wetland classification. 

These data collection methods are adapted from Wisconsin Rapid Assessment Methodology (Wisconsin 
Department of Natural Resources 2001) and are part of an Environment Canada recommended approach 
(Hanson et al. 2008). These methods provide sufficient information to detail baseline 
(i.e., preconstruction) conditions of wetlands and wetland function.  
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Due to the expansive nature of peatlands, it is difficult to definitively identify a wetland boundary between 
upland and lowland areas. Peatland boundaries can be transitional in nature and often encompass 
upland areas within their perimeters. Therefore, they are better defined as being a "wetland complex" 
than one distinct feature and often represent several wetland classes in one complex (i.e., fen, swamp 
and marsh). The presence/absence of peatland wetlands is based on moisture regimes, which vary in 
space and time. Transitions between upland and lowland areas or even wetland type (i.e., fen vs. marsh) 
are determined by a moisture gradient where transitions commonly occur over several hundred metres 
with no distinct start or finish. The 2011 wetland delineations are based on a combination of satellite 
imagery interpretation (1:10,000 scale), overflight and select ground-based observations of hydrology, 
vegetation and substrate. 

1A.2.6.3 Rare Ecological Community and Rare Plant Survey 

Information collected during vegetation community mapping identified areas of high to moderate rare 
ecological community potential, areas of high to moderate rare plant potential, potential rare ecological 
communities and potential rare plant species. 

Rare plant surveys were conducted within and near the LSA in conjunction with the previously described 
vegetation field surveys (Figure 1A-3). The rare plant survey methods were based on survey guidelines 
developed by the Alberta Native Plant Council (ANPC [2000]). Rare plant specialists, including the TEK 
participant, traversed each selected transect within the LSA, noted the dominant plant communities, 
recorded all identifiable species (Attachment 1A5), and searched for rare vascular plants, rare ecological 
communities and uncommon habitat. A purposeful meander technique was used to survey each transect. 
At locations where potentially important microsites were observed, more detailed searches were 
performed. 

Where rare ecological communities were observed, the communities were mapped and photographed 
and their locations were recorded. Full species lists were recorded and percent cover for each species 
was estimated. Descriptions of the sites and vegetation were documented on detailed reporting forms for 
future submission to ACIMS.  

Where rare vascular plant species were observed, thorough searches were conducted to determine the 
extent of the populations. The populations were mapped and photographed, UTM co-ordinates were 
recorded and detailed reporting forms were completed for future submission to ACIMS. Voucher 
specimens of rare vascular plant species were generally collected. Species identification was confirmed 
by other established botanists and/or by comparison with specimens at an appropriate herbarium. 

While surveying for vascular plants, TERA botanists chose locations along transects and within sample 
plots were selected based on a modified ABMP (Doubt and Belland 2000, ABMP 2006a,b, ABMI 2010) 
list of priority habitats for nonvascular species. There are eight Priority 1 habitats and eight Priority 2 
habitats for each group (bryophytes and lichens) (Attachment 1A3). One search was conducted in each 
Priority 1 habitat seen along transects and within sample plots. In each Priority 1 habitat, the botanists 
spent 5-30 minutes surveying for rare nonvascular species and collected those they deemed to have the 
most potential for rarity. When time allowed, and if the botanists deemed it necessary, surveying and 
collecting was also conducted in Priority 2 habitats and in additional areas of Priority 1 habitats that the 
botanists considered important.  

Nonvascular collections were made following the directions given in the ABMP (Doubt and Belland 2000). 
Specimens were sent to bryologists and lichenologists for identification.  

1A.2.6.4 Non-native and Invasive Plant Observations 

All listed weeds and non-listed introduced species were recorded at all locations where they were 
observed during the vegetation field surveys.  
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1A.3 Results 

1A.3.1 Vegetation Community Classification 

The following sections provide the results of the baseline vegetation community classification at both the 
LSA (using the ELC and AWI classification systems) and RSA (using the LCC system) scales. 

1A.3.1.1 Ecological Land Classification 

ELCs that occur within the LSA have been grouped into forested upland, wetland, non-forested / natural 
disturbance and anthropogenic disturbance categories for ease of comparison and each classification 
observed is detailed below.  

Table 1A-11 details the ELCs and distribution of each ELC within the LSA. Figure 1A-4 shows the 
distribution of ELCs within the LSA. Attachment 1A6 provides site cards that summarize baseline data 
collected for each ELC. 

TABLE 1A-11 
 

LSA BASELINE ELC DISTRIBUTION 

ELC Total Area in LSA (ha)1 Percent Cover in LSA2 
Forested Upland 
b3 - blueberry Aw-Sw 4.2 0.1 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 
d1 - low-bush cranberry Aw 527.8 8.6 
d2 - low-bush cranberry Aw-Sw 155.9 2.5 
d3 - low-bush cranberry Sw 130.8 2.1 
e1 - dogwood Pb-Aw 183.2 3.0 
e2 - dogwood Pb-Sw 265.2 4.3 
e3 - dogwood Sw 224.9 3.7 
f1 - horsetail Pb-Aw 27.5 0.5 
f2 - horsetail Pb-Sw 38.7 0.6 
f3 - horsetail Sw 117.1 1.9 
g1 - Labrador tea-subhygric Sb-Pj 365.1 6.0 
h1 - Labrador tea/horsetail Sw-Sb 391.0 6.4 
Wetland 
i1 - treed bog 345.9 5.6 
i2 - shrubby bog 66.2 1.1 
j1 - treed poor fen 465.9 7.6 
j2 - shrubby poor fen 19.8 0.3 
k1 - treed rich fen 206.6 3.4 
k2 - shrubby rich fen 16.6 0.3 
k3 - graminoid rich fen 39.3 0.6 
l1 - marsh 12.1 0.2 
Shrubby Wetland* 236.0 3.9 
Non-Forested / Natural Disturbance 
Meadow* 2.0 <0.1 
Regenerating Burn* 123.4 2.0 
Anthropogenic Disturbance 
Regenerating Cutblock* 1,086.9 17.7 
Cutblock* 634.8 10.3 
Anthropogenic* 445.6 7.3 
Total 6,136.2 100.0 

Notes: 1.  Total area may not add up to 6,316.4 ha due to rounding error. 
 2. Percent cover may not add up to 100% due to rounding error. 
 * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 

an equivalent vegetation community. 
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Forested Upland 
The following descriptions of forested upland Ecosite Phases that occur within the LSA include dominant 
species present in each layer, most likely topographic positions and general soil characteristics. 

b3 common blueberry Aw-Sw 
In the b3 Ecosite Phase, aspen and white spruce are the dominant tree species, with occasional white 
birch. Shrub species include common bearberry, common Labrador tea, common blueberry and green 
alder. Bunchberry is the most common forb. The soil moisture regime ranges from subxeric to submesic 
and the soil nutrient regime ranges from poor to rich. This Ecosite Phase can occur on level ground or at 
lower to upper slope and crest topographic positions on gentle slopes at any aspect.  

c1 Labrador tea-mesic Pj-Sb 
In the c1 Ecosite Phase, jack pine and black spruce are the dominant tree species. The shrub layer 
includes common Labrador tea, bog cranberry, black spruce and common blueberry. Forbs and grasses 
are uncommon, while the ground cover is dominated by Schreber’s moss, with some stair-step moss, 
knight’s plume moss and reindeer lichen. The soil moisture regime ranges from subxeric to subhygric with 
a poor to very poor soil nutrient regime. This Ecosite Phase can occur on gently sloping or level ground, 
facing all aspects.  

d1 low-bush cranberry Aw 
In the d1 Ecosite Phase, aspen is the dominant tree species, with occasional balsam poplar. Shrub 
species include prickly rose, low-bush cranberry, Canada buffaloberry and twinflower. Ground cover is 
composed of wild sarsaparilla, bunchberry, common fireweed, bluejoint and hairy wild rye. The soil 
moisture regime ranges from submesic to subhygric with a medium to rich soil nutrient regime. This 
Ecosite Phase can occur on level or gently sloping ground from mid to upper slope or crest topographic 
positions facing all aspects but westerly.  

d2 low-bush cranberry Aw-Sw 
In the d2 Ecosite Phase, aspen and white spruce are co-dominant tree species. Shrub species include 
low-bush cranberry, prickly rose and twinflower. Ground cover consists of bunchberry, wild sarsaparilla, 
bluejoint, stair-step moss and Schreber’s moss. The soil moisture regime ranges from submesic to 
subhygric with a poor to rich soil nutrient regime. This Ecosite Phase can occur on level or gently sloping 
ground from mid to upper slope or crest topographic positions facing all aspects.  

d3 low-bush cranberry Sw 
In the d3 Ecosite Phase, white spruce is the dominant tree species, with occasional balsam fir. The shrub 
layer includes twinflower, low-bush cranberry, balsam fir and prickly rose. Ground cover is comprised 
mostly of stair-step moss, with some bunchberry, Schreber’s moss and knight’s plume moss. The soil 
moisture regime ranges from mesic to subhygric with a poor to rich soil nutrient regime. This Ecosite 
Phase can occur on level or gently sloping ground from mid to upper slope topographic positions facing 
all aspects but westerly.  

e1 dogwood Pb-Aw 
In the e1 Ecosite Phase, aspen and balsam poplar are co-dominate tree species. Shrub species include 
prickly rose, red-osier dogwood, low-bush cranberry, bracted honeysuckle, green alder and river alder. 
Ground cover is diverse and consists mostly of wild sarsaparilla and marsh reed grass. The soil moisture 
regime ranges from mesic to subhygric with a medium to rich soil nutrient regime. This Ecosite Phase can 
occur on level to gently sloping ground from lower to upper slope topographic positions facing all aspects 
but southerly.  
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e2 dogwood Pb-Aw 
In the e2 Ecosite Phase, white spruce is the dominant tree species, with occasional aspen, balsam poplar 
and white birch. Shrub species include red-osier dogwood, low-bush cranberry, prickly rose, bracted 
honeysuckle and twinflower. Ground cover includes wild sarsaparilla, dewberry, bunchberry, bluejoint, 
stair-step moss and Schreber’s moss. The soil moisture regime ranges from mesic to hygric with a 
medium to rich soil nutrient regime. This Ecosite Phase can occur on level to gently sloping ground from 
lower to upper slope topographic positions facing all aspects but westerly.  

e3 dogwood Sw 
In the e3 Ecosite Phase, white spruce is the dominant tree species, with the occasional balsam fir. The 
shrub layer includes balsam fir, low-bush cranberry, prickly rose, green alder, river alder, twinflower and 
bracted honeysuckle. Ground cover includes woodland horsetail, wild sarsaparilla, bishop’s-cap, 
dewberry, bluejoint, stair-step moss, Schreber’s moss and knight’s plume moss. The soil moisture regime 
ranges from mesic to hygric with a medium to rich soil nutrient regime. This Ecosite Phase can occur on 
level to gently sloping ground from lower to upper slope topographic positions facing northerly and 
westerly aspects.  

f1 horsetail Pb-Aw 
In the f1 Ecosite Phase, aspen and balsam poplar are co-dominate tree species, with occasional white 
birch. Shrub species include willow species, prickly rose, green alder, river alder and red-osier dogwood. 
Ground cover is usually dominated by common horsetail, woodland horsetail and bluejoint. The soil 
moisture regime ranges from mesic to hygric with a medium to very rich nutrient regime. This Ecosite 
Phase can occur on level to gently sloping ground from lower to mid-slope topographic positions facing 
northerly and easterly aspects.  

f2 horsetail Pb-Sw 
In the f2 Ecosite Phase, white spruce is the dominant tree species, with occasional white birch, balsam 
poplar and aspen. Shrub species include low-bush cranberry and willow species. Ground cover includes 
meadow horsetail, common horsetail, wild sarsaparilla, stair-step moss, Schreber’s moss and knight’s 
plume moss. The soil moisture regime ranges from mesic to hygric with a medium to rich nutrient regime. 
This Ecosite Phase can occur in depressions or on level to gently sloping ground from toe- to mid-slope 
topographic positions facing all aspects but westerly.  

f3 horsetail Sw 
In the f3 Ecosite Phase, white spruce is the dominant tree species. Shrub species include twinflower and 
prickly rose. Stair-step moss is the dominant ground cover, with meadow horsetail, common horsetail, 
bunchberry, dewberry, bluejoint, Schreber’s moss and knight’s plume moss in lesser amounts. The soil 
moisture regime ranges from mesic to subhydric with a medium to rich nutrient regime. This Ecosite 
Phase can occur in depressions or on level to gently sloping ground from toe to lower-slope topographic 
positions facing northerly aspects.  

g1 Labrador tea-subhygric Sb-Pj 
In the g1 Ecosite Phase, black spruce and jack pine are the dominant tree species. The shrub layer 
includes common Labrador tea, black spruce and bog cranberry. Ground cover includes Schreber’s 
moss, stair-step moss, knight’s plume moss and reindeer lichen. The soil moisture regime ranges from 
subhygric to subhydric with a poor to medium soil nutrient regime. This Ecosite Phase can occur in 
depressions or on level to gently sloping ground from toe to mid-slope topographic positions facing all 
aspects but northerly.  

h1 Labrador tea/horsetail Sw-Sb 
In the h1 Ecosite Phase, white spruce is the dominant tree species with some black spruce. Shrub 
species include common Labrador tea, bog cranberry and willow species. Ground cover includes 
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common horsetail, meadow horsetail, stair-step moss and Schreber’s moss. The soil moisture regime 
ranges from subhygric to subhydric with a poor to rich soil nutrient regime. This Ecosite Phase can occur 
on level to gently sloping ground at lower slope topographic positions facing northerly aspects.  

Wetland 
The following descriptions of wetland Ecosite Phases that occur within the LSA include dominant species 
present in each layer, most likely topographic positions and general soil characteristics. 

i1 treed bog 
In the i1 Ecosite Phase, black spruce is the dominant tree species. The shrub layer includes common 
Labrador tea, bog cranberry and black spruce. Ground cover includes cloudberry, peat moss species and 
Schreber’s moss. The soil moisture regime ranges from hygric to hydric with a very poor to poor soil 
nutrient regime. Treed bogs are found on level or depressional ground.  

i2 shrubby bog 
In the i2 Ecosite Phase, trees are absent or shrub height and the shrub layer includes common Labrador 
tea, black spruce, bog cranberry and leatherleaf. Ground cover is dominated by peat moss species with 
occasional cloudberry, Schreber’s moss and reindeer lichen. The soil moisture regime ranges from hygric 
to hydric with a very poor to poor soil nutrient regime. This Ecosite Phase is found on level or 
depressional ground. 

j1 treed poor fen 
In the j1 Ecosite Phase, black spruce is the dominant tree species, with some tamarack. The shrub layer 
includes common Labrador tea, black spruce, bog cranberry, willow species and tamarack. Ground cover 
is dominated by peat moss species, with occasional common horsetail, sedge species, golden moss, 
stair-step moss, Schreber’s moss, tufted moss and reindeer lichen. The soil moisture regime ranges from 
hygric to hydric with a very poor to rich soil nutrient regime. This Ecosite Phase can occur on level or 
depressional ground. 

j2 shrubby poor fen 
In the j2 Ecosite Phase, trees are absent or shrub height and the shrub layer includes common Labrador 
tea, black spruce, dwarf birch, bog cranberry and willow species. Ground cover is dominated by peat 
moss species, with some sedge species, golden moss and tufted moss. The soil moisture regime ranges 
from hygric to hydric with a very poor to medium soil nutrient regime. This Ecosite Phase can occur on 
level or depressional ground. 

k1 treed rich fen 
In the k1 Ecosite Phase, tamarack is the dominant tree species, with some black spruce. The shrub layer 
includes dwarf birch, tamarack, willow species and common Labrador tea. Ground cover is co-dominated 
by tufted moss and golden moss, with some sedge species, bluejoint and peat moss species. The soil 
moisture regime ranges from hygric to hydric with a very rich to medium soil nutrient regime. This Ecosite 
Phase can occur on level or depressional ground. 

k2 shrubby rich fen 
In the k2 Ecosite Phase, trees are absent or shrub height and shrub species include willow species, dwarf 
birch, and river alder. Ground cover is co-dominated by sedge species and bluejoint with some brown 
moss species. The soil moisture regime ranges from hygric to hydric with a medium to very rich soil 
nutrient regime. This Ecosite Phase can occur on level or depressional ground. 
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k3 graminoid rich fen 
In the k3 Ecosite Phase, tree and shrub layers are absent. Sedge species are the dominant plant species, 
with some bluejoint, northern reed grass, Brachythecium moss species and brown moss species. The soil 
moisture regime ranges from hygric to hydric with a medium to very rich soil nutrient regime. This Ecosite 
Phase can occur on level or depressional ground. 

l1 marsh 
In the l1 Ecosite Phase, tree and shrub layers are trace. Common cattail and sedge species are the 
dominant plant species, with some northern willowherb, bluejoint and creeping spike-rush. Brown moss 
species are the dominant moss species, although mosses are a minor component of this Ecosite Phase. 
The soil moisture regime ranges from subhydric to hydric with a medium to very rich soil nutrient regime. 
This Ecosite Phase can occur on level ground. 

Shrubby Wetland 
Beckingham and Archibald (1996) do not address non-peat forming wetlands dominated by shrubs. 
Shrubby wetlands are dominated by willow species, alder species, red-osier dogwood, currants and wild 
red raspberry with less than 6% cover of trees. Ground cover is dominated by bluejoint. Moss cover is 
typically very low. The soil moisture ranges from hygric to hydric with a medium to very rich soil nutrient 
regime. This vegetation community occurs in depressional, toe and level topographic positions. 

Non-Forested / Natural Disturbance  
The following section offers descriptions of non-forest and natural disturbance ELCs that occur within the 
LSA. 

Meadow 
Upland areas where shrub cover is less than 25% and tree cover is less than 6% have been classified as 
Meadows. Anthropogenic disturbance is not evident. 

Regenerating Burn 
Areas that have been disturbed by wildfire within the last 11 to 30 years have been classified as 
Regenerating Burns. These areas are dominated by saplings and self-thinning and vertical structure is 
not yet evident in the canopy. There are no areas that have been disturbed by wildfire within the last 10 
years in the LSA. 

Anthropogenic Disturbance  
The following section offers descriptions of anthropogenic disturbance ELCs that occur within the LSA. 

Regenerating Cutblock 
Areas that have been logged within the last 11 to 30 years have been classified as Regenerating 
Cutblocks. These areas are dominated by saplings and self-thinning and vertical structure is not yet 
evident in the canopy. 

Cutblock 
Areas that have been logged within the last 10 years have been classified as cutblocks. These areas are 
dominated by either an herb layer or shrub layer. There are some locations that are not yet dominated by 
saplings, yet were logged more than 10 years ago and these locations have also been classified as 
cutblocks.  
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Anthropogenic 
Areas that have been cleared for human use, other than logging, such as well sites, rights-of-way, 3D 
seismic lines and linear corridors (e.g., pipelines, roads and trails). 

1A.3.1.2 Alberta Wetland Inventory Classification 

AWI classified wetlands that occur within the LSA include bog, fen, swamp, marsh and shallow open 
water, each AWI classification observed is detailed below. Overall, 2,314.7 ha of wetland habitat was 
delineated within the LSA, comprising approximately 37.7% of the LSA. 

Table 1A-12 details the distribution of each AWI classification within the LSA. Figure 1A-5 shows the 
distribution AWI classifications within the LSA. 

TABLE 1A-12 
 

LSA BASELINE AWI DISTRIBUTION 

AWI Total Area in LSA (ha) Percent Cover in LSA 
Bog 
BONS 155.0 2.5 
BTNN 345.9 5.6 
Fen 
FONG 39.3 0.6 
FONS 46.6 0.8 
FTNN 672.7 11.0 
Swamp 
SONS 258.7 4.2 
STNN 784.3 12.8 
Marsh 
MONG 7.2 0.1 
Shallow Open Water 
WONN 5.0 0.1 
Total 2,314.7 37.7 

 Note: Wetlands are classified according to the AWI (Halsey et al. 2004). 
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BONS  
Bog: open (i.e. wetland vegetated with shrubs, graminoid species, herbaceous species etc.), tree cover 
less than 6% of wetland vegetative cover, shrub cover greater than 25%, no permafrost or patterning 
present 

BTNN 
Bog: wooded (i.e. open canopy with between 6 and 75% tree cover), no internal lawns, no permafrost or 
patterning present. 

FONG 
Fen: open (i.e. wetland vegetated with shrubs, graminoid species, herbaceous species etc.), graminoid 
species provide dominant wetland vegetative cover, tree cover less than 6%, shrub cover less than 25%, 
no permafrost or patterning present. 

FONS 
Fen: open (i.e. wetland vegetated with shrubs, graminoid species, herbaceous species etc.), tree cover 
less than 6% of wetland vegetative cover, shrub cover greater than 25%; no permafrost or patterning 
present. 

FTNN 
Fen: wooded (i.e. open canopy with between 6 and 75% tree cover), no internal lawns, no permafrost or 
patterning present. 

SONS 
Swamp: open (i.e. wetland vegetated with shrubs, graminoid species, herbaceous species etc.), tree 
cover less than 6% of wetland vegetative cover, shrub cover greater than 25%; no permafrost or 
patterning present. 

STNN 
Swamp: wooded (i.e. open canopy with between 6 and 75% tree cover), no internal lawns, no permafrost 
or patterning present. 

MONG 
Marsh: open (i.e. wetland vegetated with shrubs, graminoid species, herbaceous species etc.), graminoid 
species provide dominant wetland vegetative cover, tree cover less than 6%, shrub cover less than 25%, 
no permafrost or patterning present. 

WONN 
Shallow Open Water: Associated with other wetland forms such as marshes, small pools of water that can 
also include emergent and submergent vegetation. 

1A.3.1.3 Wetland Function 

Wetlands observed in the LSA during field surveys exhibited proper functionality. Characteristics of 
properly functioning wetlands include: adequate vegetation, landform, hydrology and regionally suitable 
habitat features; features in appropriate combination to reduce erosion and improve water quality; 
features in appropriate combination to be able to provide sediment infiltration, suitable water residence 
time; and have healthy micro-habitats to support a high diversity of wildlife. Disturbances observed 
include existing oil and gas infrastructure and forestry practices. It was observed that when numerous 



BlackPearl Resources Inc.  Vegetation Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 1A 
 

 
   

Page 1A-34 
 
 

growing seasons occurred in wetlands subsequent to existing disturbances, wetlands were functioning 
properly. 

1A.3.1.4 Land Cover Classification 

LCCs that occur within the RSA have been grouped into forested upland, wetland and water, natural 
disturbance, anthropogenic disturbance and unclassifiable categories for ease of comparison and each 
LCC predicted within the RSA is detailed below.  

Table 1A-13 details the LCC and distribution of each LCC within the RSA. Figure 1A-6 shows the 
distribution of LLC within the RSA.  

TABLE 1A-13 
 

RSA LAND COVER CLASSES 

LLC* Total Area in RSA (ha) Percent Cover in RSA1 
Forested Upland (>6% tree cover) 

Closed black spruce 706.7 0.9 
Closed pine 250.4 0.3 
Closed white spruce 27,640.8 37.1 
Closed aspen, balsam poplar and/or birch 6,832.9 9.2 
Closed coniferous and deciduous cover (40-60%) 17,189.1 23.1 

Wetland and Water 
Graminoid wetlands 437.9 0.6 
Shrubby wetlands 2,081.8 2.8 
Black spruce bog 1,087.6 1.5 
Wooded fen 8,439.8 11.3 
Lake, pond, river and stream 999.7 1.3 

Natural Disturbance 
Burn grassland 173.8 0.2 
Burn upland shrub 35.8 <0.1 

Anthropogenic Disturbance 
Anthropogenic non-vegetated 136.1 0.2 
Mixed grassland 4,382.0 5.9 
Closed upland shrub 3,785.5 5.1 

Unclassifiable 
Cloud / shadow 222.9 0.3 
No data 64.9 0.1 
Total 74,467.6 100 

Notes: 1.  Percent cover may not add up to 100% due to rounding error. 
 * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1A.3.1.5 Old Growth Forests 

Ecosite Phases within the LSA with the potential to be old growth forest were determined based upon 
‘date of origin’ data from AVI (Al-Pac 2010). Ecosite Phases have been grouped into forested upland and 
wetland for ease of comparison and each old growth Ecosite Phase mapped is detailed below.  

Table 1A-14 details the old growth Ecosite Phases and distribution of each within the LSA. Figure 1A-7 
shows the distribution of old growth Ecosite Phases within the LSA.  

TABLE 1A-14 
 

LSA BASELINE OLD GROWTH FOREST DISTRIBUTION 

Old Growth Ecosite Phase 
Old Growth Area 

in LSA (ha) Percentage of LSA Percentage of ELC 
Percentage of Total 

Old Growth Area 
Forested Upland 

b3 - blueberry Aw-Sw 2.6 <0.1 60.7 0.3 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 100.0 0.4 
d1 - low-bush cranberry Aw 8.0 0.1 1.5 0.8 
d2 - low-bush cranberry Aw-Sw 46.3 0.8 29.7 4.5 
d3 - low-bush cranberry Sw 38.5 0.6 29.4 3.8 
e1 - dogwood Pb-Aw 4.6 0.1 2.5 0.5 
e2 - dogwood Pb-Sw 118.4 1.9 44.6 11.6 
e3 - dogwood Sw 139.4 2.3 52.6 13.7 
f1 - horsetail Pb-Aw 0.0 0.0 0.0 0.0 
f2 - horsetail Pb-Sw 4.8 0.1 12.4 0.5 
f3 - horsetail Sw 45.5 0.7 38.9 4.5 
g1 - Labrador tea-subhygric Sb-Pj 223.8 3.7 61.3 21.9 
h1 - Labrador tea/horsetail Sw-Sb 167.5 2.7 42.9 16.4 

Wetland 
i1 - treed bog 49.2 0.8 14.2 4.8 
i2 - shrubby bog 0.0 0.0 0.0 0.0 
j1 - treed poor fen 146.8 2.4 31.5 14.4 
j2 - shrubby poor fen 0.0 0.0 0.0 0.0 
k1 - treed rich fen 21.6 0.4 10.5 2.1 
k2 - shrubby rich fen 0.0 0.0 0.0 0.0 
Total 1,020.8 16.6  

Note: Old growth is derived from ‘date of origin’ from AVI (Al-Pac 2010). 
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1A.3.1.6 Riparian Areas 

Riparian areas that occur within the LSA and RSA were determined by applying a 50 m wide buffer to 
waterbodies.  

Table 1A-15 details the riparian areas and distribution of each within the LSA. Figure 1A-8 shows the 
distribution of riparian areas within the LSA. Table 1A-16 summarizes the riparian areas and distribution 
of each within the RSA. Figure 1A-9 shows the distribution of riparian areas within the RSA. 
 

TABLE 1A-15 
 

LSA BASELINE RIPARIAN AREAS DISTRIBUTION 

ELC 
Riparian Area in 

LSA (ha) Percentage of LSA Percentage of ELC 
Percentage of Total 

Riparian Area 
Forested Upland Riparian Areas 

b3 - blueberry Aw-Sw 0.0 0.0 0.0 0.0 
c1 - Labrador tea-mesic Pj-Sb 0.0 0.0 0.0 0.0 
d1 - low-bush cranberry Aw 11.6 0.2 2.2 5.1 
d2 - low-bush cranberry Aw-Sw 13.6 0.2 8.7 5.9 
d3 - low-bush cranberry Sw 6.8 0.1 5.2 3.0 
e1 - dogwood Pb-Aw 22.9 0.4 12.5 10.0 
e2 - dogwood Pb-Sw 15.7 0.3 5.9 6.8 
e3 - dogwood Sw 40.4 0.7 18.0 17.6 
f1 - horsetail Pb-Aw 1.3 0.0 4.7 0.6 
f2 - horsetail Pb-Sw 0.1 0.0 0.3 0.1 
f3 - horsetail Sw 0.4 0.0 0.3 0.2 
g1 - Labrador tea-subhygric Sb-Pj 2.9 0.0 0.8 1.3 
h1 - Labrador tea/horsetail Sw-Sb 10.4 0.2 2.6 4.5 

Wetland Riparian Areas 
i1 - treed bog 6.6 0.1 1.9 2.9 
i2 - shrubby bog 3.9 0.1 6.0 1.7 
j1 - treed poor fen 5.9 0.1 1.3 2.6 
j2 - shrubby poor fen 0.0 0.0 0.0 0.0 
k1 - treed rich fen 3.9 0.1 1.9 1.7 
k2 - shrubby rich fen 12.8 0.2 77.3 5.6 
k3 - graminoid rich fen 5.9 0.1 15.1 2.6 
l1 - marsh 7.9 0.1 65.0 3.4 
Shrubby Wetland* 11.6 0.2 4.9 5.0 

Non-Forested / Natural Disturbance Riparian Areas 
Meadow* 0.0 0.0 0.0 0.0 
Regenerating Burn* 1.5 0.0 1.2 0.7 

Anthropogenic Disturbance Riparian Areas 
Regenerating Cutblock* 24.6 0.4 2.3 10.7 
Cutblock* 7.1 0.1 1.1 3.1 
Anthropogenic* 12.1 0.2 2.7 5.3 
Total Riparian Area 230.0 3.7  

Note: * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 
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TABLE 1A-16 
 

RSA BASELINE RIPARIAN AREAS DISTRIBUTION 

LLC* 
Riparian Area in 

RSA (ha) 
Percentage of 

RSA 
Percentage of 

LLC 
Percentage of Total 

Riparian Area 
Forested Upland (>6% tree cover) Riparian Areas 

Closed black spruce 98.8 0.1 14.0 1.3 
Closed pine 36.5 <0.1 14.6 0.5 
Closed white spruce 2,636.8 3.5 9.5 33.6 
Closed aspen, balsam poplar and/or birch 478.4 0.6 7.0 6.1 
Closed coniferous and deciduous cover (40-60%) 1,690.5 2.3 9.8 21.5 

Wetland and Water Riparian Areas 
Graminoid wetlands 116.1 0.2 26.5 1.5 
Shrubby wetlands 251.4 0.3 12.1 3.2 
Black spruce bog 132.3 0.2 12.2 1.7 
Wooded fen 879.4 1.2 10.4 11.2 
Lake, pond, river and stream 932.8 1.3 93.3 11.9 

Natural Disturbance Riparian Areas 
Burn grassland 2.6 <0.1 1.5 <0.1 
Burn upland shrub 1.4 <0.1 3.8 <0.1 

Anthropogenic Disturbance Riparian Areas 
Anthropogenic non-vegetated 7.4 <0.1 5.4 0.1 
Mixed grassland 200.3 0.3 4.6 2.5 
Closed upland shrub 343.0 0.5 9.1 4.4 

Unclassifiable Riparian Areas 
Cloud / shadow 37.7 0.1 16.9 0.5 
No data 10.3 <0.1 15.8 0.1 
Total Riparian Areas 7,855.6 10.5  

Note: * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1A.3.1.7 Communities of Limited Distribution 

Communities of limited distribution within the LSA are ELC and AWI that cover 1% or less of the LSA. 
ELC communities of limited distribution have been grouped into a forested upland, wetland or non-
forested / natural disturbance category for ease of comparison. AWI communities of limited distribution 
have been grouped into the wetland types bog, fen, marsh, swamp and shallow open water for ease of 
comparison. 

Table 1A-17 summarizes the ELC communities of limited distribution and the distribution of each within 
the LSA. Figure 1A-10 shows the distribution of ELC communities of limited distribution within the LSA. 
Table 1A-18 summarizes the AWI communities of limited distribution and the distribution of each within 
the LSA. Figure 1A-11 shows the distribution of AWI communities of limited distribution within the LSA. 

Communities of limited distribution within the RSA are LCC that cover 1% or less of the RSA. LCC 
communities of limited distribution have been grouped into forested upland and wetland and water 
categories for ease of comparison.  

Table 1A-19 summarizes the LCC communities of limited distribution and distribution of each within the 
RSA. Figure 1A-12 shows the LCC communities of limited distribution within the RSA.  

TABLE 1A-17 
 

LSA BASELINE ELC COMMUNITIES OF LIMITED DISTRIBUTION 

ELC Total Area in LSA (ha) Percent Cover in LSA 
Forested Upland 

b3 - blueberry Aw-Sw 4.2 0.1 
c1 - Labrador tea-mesic Pj-Sb 3.9 0.1 
f1 - horsetail Pb-Aw 27.5 0.5 
f2 - horsetail Pb-Sw 38.7 0.6 

Wetland 
j2 - shrubby poor fen 19.8 0.3 
k2 - shrubby rich fen 16.6 0.3 
k3 - graminoid rich fen 39.3 0.6 
l1 - marsh 12.1 0.2 

Non-Forested / Natural Disturbance 
Meadow* 2.0 <0.1 
Total  164.1 2.7 

Note:  * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 
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TABLE 1A-18 
 

LSA BASELINE AWI COMMUNITIES OF LIMITED DISTRIBUTION 

Communities of Limited 
Distribution - AWI Total Area in LSA (ha) Percentage of LSA 

Fen 
FONG 39.3 0.6 
FONS 46.6 0.8 

Marsh 
MONG 7.2 0.3 

Shallow Open Water 
WONN 5.0 0.2 
Total 98.1 1.9 

Note: Wetlands are classified according to the AWI (Halsey et al. 2004). 
 

TABLE 1A-19 
 

RSA BASELINE LCC COMMUNITIES OF LIMITED DISTRIBUTION 

LLC* Total Area in RSA (ha) Percent Cover in RSA 
Forested Upland (>6% tree cover) 

Closed black spruce 706.7 0.9 
Closed pine 250.4 0.3 

Natural Disturbance 
Burn grassland 173.8 0.2 
Burn upland shrub 35.8 <0.1 

Wetland and Water 
Graminoid wetlands 437.9 0.6 
Total 1,604.6 2.1 

Note: * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. (2004). 
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1A.3.1.8 Rare Ecological Community and Rare Plant Potential 

Information regarding records of known rare ecological community and rare plant occurrences within the 
RSA was requested from ACIMS. ACIMS provided records of a rare ecological community, river alder / 
ostrich fern shrubland, known from two locations within the LSA (ACIMS 2011b). In addition to these 
ACIMS’ records, one rare liverwort, snakeskin liverwort, was previously observed in five locations within 
the LSA (TERA 2008, 2009). No records of known rare ecological community and rare plant occurrences 
from outside of the LSA were provided by ACIMS. Details of the previously recorded occurrences are 
summarised in Table 1A-20 and displayed on Figure 1A-13. 

There are no potential species listed for the Central Mixedwood and Lower Boreal Highlands Natural 
Subregions that are designated under the Alberta Wildlife Act. There are no potential species listed for 
the Central Mixedwood and Lower Boreal Highlands Natural Subregions that have a SARA or COSEWIC 
designation. No previously recorded occurrences of rare plants with an Alberta Wildlife Act, SARA or 
COSEWIC designation are known from within the RSA (ACIMS 2011b). 

TABLE 1A-20 
 

PREVIOUSLY RECORDED RARE ECOLOGICAL COMMUNITY AND 
RARE PLANT OCCURRENCES WITHIN THE RSA 

Location (W4M) 

Approximate 
Distance to 

Project Area (m)1 Type Scientific Name Common Name 
ACIMS 
Rank2 

General 
Status 
Rank2 

7-30-76-17 0.0 Community Alnus incana ssp. tenuifolia / 
Matteuccia struthiopteris 

river alder / ostrich fern 
shrubland 

S2? n/a 

6-30-76-17 0.0 Community Alnus incana ssp. tenuifolia / 
Matteuccia struthiopteris 

river alder / ostrich fern 
shrubland 

S2? n/a 

7-25-76-18 79.8 Nonvascular Conocephalum conicum snakeskin liverwort S2 --- 
2-25-76-18 0.0 Nonvascular Conocephalum conicum snakeskin liverwort S2 --- 
7-25-76-18 197.4 Nonvascular Conocephalum conicum snakeskin liverwort S2 --- 
7-30-76-17 0.0 Nonvascular Conocephalum conicum snakeskin liverwort S2 --- 
6-30-76-17 18.7 Nonvascular Conocephalum conicum snakeskin liverwort S2 --- 

Sources: ACIMS 2011b, TERA 2008 and TERA 2009 
Notes: 1 ACIMS may buffer the location of an occurrence when mapping precision is low due to the age of the data, or the detail submitted, or the 

desire by a landowner to withhold the specific location from the public. The occurrence may be located anywhere within the buffer. Distances 
in this Table were measured from the Project Area to the nearest edge of each buffer. When the Project Area intersects a buffer, distances 
are noted as "within buffer". 

 2 Definitions of rarity ranks are included in the footnotes of Attachments 1A1 and Attachment 1A2. Species on the List of Tracked and Watched 
Elements (ACIMS 2011a) have S ranks in bold text. Communities on the Ecological Community Tracking List (Allen 2011) have S ranks in 
bold text.  

 

Ecosite phases with moderate or high potential to support rare ecological communities are summarized in 
Table 1A-21 and shown on Figure 1A-14 and those with moderate or high potential to support rare plants 
are summarized in Table 1A-22 and shown on Figure 1A-15. 
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TABLE 1A-21 
 

LSA BASELINE ELC WITH POTENTIAL TO SUPPORT 
RARE ECOLOGICAL COMMUNITIES DISTRIBUTION 

ELC Ranked Potential 
Total Area in 

LSA (ha) 
Percentage 

of LSA 
Forested Upland 

b3 - blueberry Aw-Sw high 4.2 0.1 
d1 - low-bush cranberry Aw high 527.8 8.6 
e1 - dogwood Pb-Aw high 183.2 3.0 
e2 - dogwood Pb-Sw moderate 265.2 4.3 
f1 - horsetail Pb-Aw high 27.5 0.5 
f2 - horsetail Pb-Sw high 38.7 0.6 
h1 - Labrador tea/horsetail Sw-Sb moderate 391.0 6.4 

Wetland 
j1 - treed poor fen moderate 465.9 7.6 
j2 - shrubby poor fen moderate 19.8 0.3 
k2 - shrubby rich fen high 16.6 0.3 
k3 - graminoid rich fen high 39.3 0.6 
l1 - marsh high 12.1 0.2 
Shrubby Wetland* high 236.0 3.9 
Total 2,227.3 36.3 

Note: * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 

 

TABLE 1A-22 
 

LSA BASELINE ELC WITH POTENTIAL TO SUPPORT RARE VASCULAR PLANTS DISTRIBUTION 

ELC Ranked Potential 
Total Area in 

LSA (ha) 
Percentage of 

LSA 
Forested Upland 

b3 - blueberry Aw-Sw moderate 4.2 0.1 
d1 - low-bush cranberry Aw moderate 527.8 8.6 
d2 - low-bush cranberry Aw-Sw moderate 155.9 2.5 
d3 - low-bush cranberry Sw moderate 130.8 2.1 
e1 - dogwood Pb-Aw high 183.2 3.0 
e2 - dogwood Pb-Sw high 265.2 4.3 
e3 - dogwood Sw high 224.9 3.7 
f1 - horsetail Pb-Aw high 27.5 0.5 
f2 - horsetail Pb-Sw high 38.7 0.6 
f3 - horsetail Sw high 117.1 1.9 
g1 - Labrador tea-subhygric Sb-Pj high 365.1 6.0 
h1 - Labrador tea/horsetail Sw-Sb high 391.0 6.4 

Wetland 
k3 - graminoid rich fen moderate 39.3 0.6 
l1 - marsh high 12.1 0.2 
Shrubby Wetland* high 236.0 3.9 

Non-Forested / Natural Disturbance 
Meadow* moderate 2.0 <0.1 
Total 2,720.8 44.3 

Note: * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 
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1A.3.2 Habitat Fragmentation 

The current extent of habitat fragmentation was quantified at both the LSA and RSA scales using 
FRAGSTATS (McGarigal et al. 2002). At the LSA scale, habitat fragmentation was quantified for 
vegetation communities using ELC, AWI and riparian area vegetation community classification systems. 
At the RSA scale, habitat fragmentation was quantified for vegetation communities using LCC and 
riparian area vegetation classification systems. A variety of metrics were applied to each vegetation 
community and outputs are summarized for Patch Area Distribution and Edge Contrast Index Distribution. 

The Patch Area Distribution metrics measure the size and number of patches within a landscape. 
Increased habitat fragmentation is expected to result in an increase in the number of patches and a 
decrease in mean patch size.  

The Edge Contrast Index Distribution metrics illustrate the differences between adjacent patches. 
Increased habitat fragmentation due to anthropogenic disturbance is expected to result in an increase in 
mean percentage of patch edge adjacent to anthropogenic disturbance.  

At the LSA scale, the baseline mean, standard deviation and range of patch size as well as the baseline 
mean, standard deviation and range of percentage of patch edge adjacent to anthropogenic disturbance 
are summarized in Table 1A-23 for ELC, Table 1A-24 for AWI and Table 1A-25 for riparian areas. At the 
RSA scale, the baseline mean, standard deviation and range of patch size as well as the baseline mean, 
standard deviation and range of percentage of patch edge adjacent to anthropogenic disturbance are 
summarized in Table 1A-26 for LCC and Table 1A-27. 

Effects of habitat loss on fragmentation metrics were considered in the assessment of changes from 
Baseline Case to Application Case to Closure Phase to Planned Development Case. For example, 
habitat loss could result in a decrease in patch number and an increase in mean patch size if some 
smaller patches are removed from the landscape. 

TABLE 1A-23 
 

LSA ELC MEAN PATCH SIZE AND MEAN PERCENTAGE ANTHROPOGENIC EDGE DISTRIBUTION 
HABITAT FRAGMENTATION METRICS 

ELC 

Patch Area Distribution Edge Contrast Index Distribution 
Mean 

Area (ha) 
Standard Deviation 

of Area (ha) 
Range of 
Area (ha) 

Mean % 
Anth. Edge 

Standard Deviation 
of % Anth. Edge 

Range of % 
Anth. Edge 

Forested Upland       
b3 - blueberry Aw-Sw 2.1 0.5 0.9 37.7 26.5 53.0 
c1 - Labrador tea-mesic Pj-Sb 1.0 0.7 1.8 20.8 15.4 38.1 
d1 - low-bush cranberry Aw 2.8 5.9 51.1 66.0 30.2 100.0 
d2 - low-bush cranberry Aw-Sw 1.6 2.1 9.7 49.3 30.5 100.0 
d3 - low-bush cranberry Sw 1.9 2.8 14.8 49.0 25.5 100.0 
e1 - dogwood Pb-Aw 3.9 6.0 25.2 49.0 26.7 100.0 
e2 - dogwood Pb-Sw 2.9 5.4 44.6 47.1 28.5 100.0 
e3 - dogwood Sw 2.3 4.4 26.3 48.5 28.1 100.0 
f1 - horsetail Pb-Aw 2.1 2.6 12.4 41.4 22.0 94.9 
f2 - horsetail Pb-Sw 1.2 1.6 6.3 36.2 18.6 76.9 
f3 - horsetail Sw 2.5 4.9 29.2 42.7 20.4 100.0 
g1 - Labrador tea-subhygric Sb-Pj 2.3 4.1 28.8 41.0 30.1 100.0 
h1 - Labrador tea/horsetail Sw-Sb 2.4 5.7 54.7 42.7 28.4 100.0 
Wetland       
i1 - treed bog 4.0 8.0 45.3 40.4 29.7 100.0 
i2 - shrubby bog 6.2 7.4 24.0 48.6 20.3 87.3 
j1 - treed poor fen 4.6 10.8 78.9 33.9 23.5 100.0 
j2 - shrubby poor fen 3.5 2.9 8.8 10.9 8.1 22.4 
k1 - treed rich fen 6.5 9.8 36.1 31.9 21.3 85.7 
k2 - shrubby rich fen 6.1 7.7 17.0 20.7 17.2 41.1 
k3 - graminoid rich fen 2.8 3.7 12.8 25.9 22.1 65.0 
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TABLE 1A-23  Cont'd 

ELC 

Patch Area Distribution Edge Contrast Index Distribution 
Mean 

Area (ha) 
Standard Deviation 

of Area (ha) 
Range of 
Area (ha) 

Mean % 
Anth. Edge 

Standard Deviation 
of % Anth. Edge 

Range of % 
Anth. Edge 

l1 - marsh 0.6 0.6 2.2 60.7 40.9 100.0 
Shrubby Wetland* 1.8 4.3 33.7 47.2 32.9 100.0 
Non-Forested / Natural Disturbance       
Meadow* 0.6 0.2 0.7 33.3 19.6 49.6 
Regenerating Burn* 10.9 12.3 35.3 32.6 15.5 54.6 
Anthropogenic Disturbance       
Regenerating Cutblock* 8.1 22.5 167.5 96.1 10.6 47.8 
Cutblock* 4.0 8.2 64.7 97.2 8.7 40.5 
Anthropogenic* 7.2 43.4 281.4 96.0 10.8 50.0 
Landscape       
Totals 3.4 10.7 281.4 55.3 33.5 100.0 

Notes:  * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 

 Communities of limited distribution are in bold text. 
 

TABLE 1A-24 
 

LSA AWI MEAN PATCH SIZE AND MEAN PERCENTAGE ANTHROPOGENIC EDGE DISTRIBUTION 
HABITAT FRAGMENTATION METRICS 

AWI 

Patch Area Distribution Edge Contrast Index Distribution 
Mean Area 

(ha) 
Standard Deviation 

of Area (ha) 
Range of 
Area (ha) 

Mean % Anth. 
Edge 

Standard Deviation 
of % Anth. Edge 

Range of % 
Anth. Edge 

Bog 
BONS 7.4 9.1 29.3 41.6 18.3 87.0 
BTNN 3.8 7.4 44.2 40.2 29.6 100.0 
Fen 
FONG 3.0 3.8 12.8 24.3 22.1 65.0 
FONS 3.2 4.3 17.0 16.0 15.6 50.0 
FTNN 6.5 14.3 79.0 34.5 21.7 100.0 
Swamp 
SONS 2.0 4.7 33.7 47.9 33.1 100.0 
STNN 3.1 6.3 0.0 44.8 28.6 100.0 
Marsh 
MONG 1.1 0.6 2.1 41.4 36.8 89.2 
Shallow Open Water 
WONN 0.4 0.4 1.1 69.5 41.3 100.0 
Non-Wetland 
Upland 5.1 10.7 87.4 66.2 33.6 100.0 
Anthropogenic Disturbance 
Regenerating Cutblock 8.1 22.5 167.6 36.0 26.1 100.0 
Cutblock 4.0 8.2 64.7 52.2 27.4 100.0 
Anthropogenic 7.2 43.3 281.1 78.1 30. 100.0 
Landscape 
Totals 4.6 13.3 281.1 50.4 32.4 100.0 

Notes: Wetlands are classified according to the AWI (Halsey et al. 2004). 
 Communities of limited distribution are in bold text. 
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TABLE 1A-25 
 

LSA RIPAIRAN AREAS MEAN PATCH SIZE AND MEAN PERCENTAGE ANTHROPOGENIC EDGE 
DISTRIBUTION HABITAT FRAGMENTATION METRICS 

ELC 

Patch Area Distribution Edge Contrast Index Distribution 

Mean 
Area (ha) 

Standard 
Deviation of 

Area (ha) 
Range of 
Area (ha) 

Mean % 
Anth. Edge 

Standard Deviation 
of % Anth. Edge 

Range of % 
Anth. Edge 

Forested Upland Riparian Areas 
d1 - low-bush cranberry Aw 0.9 1.3 4.7 13.8 20.2 66.1 
d2 - low-bush cranberry Aw-Sw 1.5 1.4 4.4 38.2 31.7 100.0 
d3 - low-bush cranberry Sw 0.7 0.9 3.0 40.1 30.1 93.7 
e1 - dogwood Pb-Aw 2.3 2.1 6.1 27.6 22.6 75.0 
e2 - dogwood Pb-Sw 0.7 1.3 5.3 15.9 17.7 50.0 
e3 - dogwood Sw 1.5 3.6 19.1 27.5 22.4 63.6 
f1 - horsetail Pb-Aw 0.3 0.5 1.1 0.0 0.0 0.0 
f2 - horsetail Pb-Sw 0.1 0.0 0.0 20.0 0.0 0.0 
f3 - horsetail Sw 0.2 0.0 0.0 13.9 13.9 27.8 
g1 - Labrador tea-subhygric Sb-Pj 0.4 0.5 1.4 4.7 10.7 32.6 
h1 - Labrador tea/horsetail Sw-Sb 0.5 0.9 4.4 42.3 21.3 85.0 
Wetland Riparian Areas 
i1 - treed bog 0.8 1.1 3.4 14.2 25.6 83.3 
i2 - shrubby bog 2.0 0.2 0.3 11.6 0.4 0.7 
j1 - treed poor fen 0.4 0.6 2.0 17.2 20.5 50.0 
k1 - treed rich fen 1.3 1.6 3.6 0.0 0.0 0.0 
k2 - shrubby rich fen 4.7 5.8 12.8 20.4 17.4 41.9 
k3 - graminoid rich fen 1.1 0.9 2.6 14.3 15.4 39.7 
l1 - marsh 0.7 0.7 2.2 58.4 44.3 100.0 
Shrubby Wetland* 0.5 0.7 3.4 10.6 15.9 50.0 
Non-Forested / Natural Disturbance Riparian Areas 
Regenerating Burn* 1.7 0.0 0.0 0.0 0.0 0.0 
Anthropogenic Disturbance Riparian Areas 
Regenerating Cutblock* 0.5 0.9 4.8 81.2 21.6 68.2 
Cutblock* 0.6 0.8 2.7 91.6 14.2 50.0 
Anthropogenic* 0.2 0.2 1.0 87.8 21.6 76.8 
Non-Riparian Areas 
Not Riparian* 1,476.6 2,170.0 5,202.1 12.3 18.1 43.3 
Landscape 
Totals 19.9 298.0 5,202.1 44.2 38.5 100.0 

Notes:  * Additional classifications were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline 
an equivalent vegetation community. 

 Communities of limited distribution are in bold text. 
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TABLE 1A-26 
 

RSA LLC MEAN PATCH SIZE AND MEAN PERCENTAGE ANTHROPOGENIC EDGE DISTRIBUTION 
HABITAT FRAGMENTATION METRICS 

LLC 

Patch Area Distribution Edge Contrast Index Distribution 
Mean 
Area 
(ha) 

Standard 
Deviation of 

Area (ha) 
Range of 
Area (ha) 

Mean % 
Anth. 
Edge 

Standard 
Deviation of % 

Anth. Edge 
Range of % 
Anth. Edge 

Forested Upland (>6% tree cover) 
Closed black spruce 0.3 1.4 72.8 12.5 19.5 100.0 
Closed pine 0.4 1.3 20.8 28.5 26.7 100.0 
Closed white spruce 7.2 119.1 5,076.7 1.9 6.5 50.0 
Closed aspen, balsam poplar and/or birch 0.9 5.5 239.7 36.2 31.6 100.0 
Closed coniferous and deciduous cover (20-60%) 1.5 12.8 777.5 4.6 10.7 100.0 
Wetland and Water 
Graminoid Wetlands 1.3 7.2 80.4 17.5 27.4 100.0 
Shrubby wetlands 0.3 1.2 58.3 23.6 24.3 100.0 
Black spruce bog 0.4 2.5 109.2 18.9 23.0 100.0 
Wooded fen 0.9 17.2 1,229.9 8.1 14.4 87.5 
Lake, pond, river, stream 4.4 56.0 846.0 0.3 2.7 30.0 
Natural Disturbance 
Burn grassland 1.9 8.9 65.1 2.9 9.0 50.0 
Burn upland shrub 0.5 0.7 4.0 4.2 13.3 75.0 
Anthropogenic Disturbance 
Anthropogenic non-vegetated 1.1 1.4 10.7 73.6 26.7 100 
Mixed grassland 1.4 5.6 120.3 68.5 35.6 100.0 
Closed upland shrub 0.8 3.8 106.3 81.0 23.5 100.0 
Unclassifiable 
Cloud / shadow 1.7 12.8 145.5 0.0 0.0 0.0 
No data 2.2 3.3 74.1 84.9 15.0 62.5 
Landscape 
Totals 1.4 33.4 5,076.7 23.6 32.4 100 

Notes:  * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. 2004. 
 Communities of limited distribution are in bold text. 
 



BlackPearl Resources Inc.  Vegetation Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 1A 
 

 
   

Page 1A-56 
 
 

TABLE 1A-27 
 

RSA RIPARIAN AREAS MEAN PATCH SIZE AND MEAN PERCENTAGE ANTHROPOGENIC EDGE 
DISTRIBUTION HABITAT FRAGMENTATION METRICS 

LLC 

Patch Area Distribution Edge Contrast Index Distribution 

Mean Area 
(ha) 

Standard 
Deviation of 

Area (ha) 
Range of 
Area (ha) 

Mean % 
Anth. 
Edge 

Standard 
Deviation of % 

Anth. Edge 
Range of % 
Anth. Edge 

Forested Upland (>6% tree cover) Riparian Areas 
Closed black spruce 0.2 0.5 9.6 6.6 13.5 75.0 
Closed pine 0.2 0.3 2.6 10.1 17.1 75.0 
Closed white spruce 1.4 4.4 94.6 1.1 4.5 50.0 
Closed aspen, balsam poplar and/or birch 0.3 0.4 3.9 19.7 22.0 100.0 
Closed coniferous and deciduous cover (20-60%) 0.5 0.9 12.6 3.4 8.9 75.0 
Wetland and Water Riparian Areas 
Graminoid Wetlands 1.7 8.5 68.0 3.1 9.3 50.0 
Shrubby wetlands 0.2 0.4 5.4 14.1 19.7 100.0 
Black spruce bog 0.2 0.4 5.0 9.5 16.5 100.0 
Wooded fen 0.5 2.1 61.7 5.4 11.8 75.0 
Lake, pond, river, stream 6.5 70.5 846.0 0.4 2.7 25.0 
Natural Disturbance Riparian Areas 
Burn grassland 0.3 0.1 0.3 1.3 3.8 12.5 
Burn upland shrub 0.3 0.3 0.8 0.0 0.0 0.0 
Anthropogenic Disturbance Riparian Areas 
Anthropogenic non-vegetated 0.3 0.1 0.6 85.9 17.2 50.0 
Mixed grassland 0.4 0.6 7.2 79.6 25.7 100.0 
Closed upland shrub 0.4 0.8 8.1 88.9 17.6 100.0 
Unclassifiable Riparian Areas 
Cloud / shadow 0.4 1.0 7.6 0.0 0.0 0.0 
No data 1.1 1.4 4.7 43.4 22.6 65.0 
Non-Riparian Areas 
Not Riparian 2,297.0 12,005.5 65,821.1 4.4 8.9 40.0 
Landscape 
Totals 5.8 580.5 65,821.1 16.3 29.5 100.0 

Notes:  * LCC are based on the AGCC strata listed in Sánchez-Azofeifa et al. 2004. 
 Communities of limited distribution are in bold text. 

 

1A.3.3 Traditional Ecological Knowledge 

TEK participants reported that wetland areas in the RSA could support beaver, muskrat and waterfowl 
and that the vegetation surrounding wetland areas provides food for game, specifically moose. During the 
field survey, it was reported by the TEK participant that the plants of traditional economic value for food 
and cultural well-being include a variety of medicinal and berry species, as well as roots and bark of 
specific trees (e.g., birch) and are known to occur within the LSA. Medicines for diabetes, cuts, sores, 
colds, rashes and vitamins were identified during the TEK study. 

In addition to the medicinal species discussed during the TEK study, the participant also identified several 
utilitarian plant species with traditional purposes and uses that included moose callers, paper, roofing 
material, bowls, baskets and tea. Table 1A-28 for a list of plants identified by the TEK participant. 
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TABLE 1A-28 
 

TEK PLANT SPECIES IDENTIFIED 

Community Name Scientific Name Common Name 
alder Alnus sp. alder species 
aspen Populus tremuloides aspen 
birch  Betula papyrifera white birch 
blueberry Vaccinium myrtilloides common blueberry 
cattail Typha latifolia common cattail 
cloudberry Rubus chamaemorus cloudberry 
coltsfoot Petasites frigidus var. sagittatus arrow-leaved coltsfoot 
gooseberry Ribes sp. gooseberry species 
Labrador tea Ledum groenlandicum common Labrador tea 
larch Larix laricina tamarack 
low-bush cranberry Viburnum edule low-bush cranberry 
mint Mentha arvensis wild mint 
pineappleweed Matricaria matricarioides pineappleweed 
raspberry Rubus idaeus wild red raspberry 
white spruce Picea glauca white spruce 

 

The TEK participant harvested wild mint, diamond willow fungus, common Labrador tea and various 
raspberry species during the vegetation field surveys. The locations and names of medicinal plants is 
knowledge held by the TEK participant and is proprietary to the community. 

1A.3.4 Field Surveys 

1A.3.4.1 Rare Ecological Communities Observed 

One rare ecological community and two uncommon ecological communities were observed during the 
2010 and 2011 rare ecological community and rare plant surveys (Figure 1A-16). Table 1A-29 
summarizes the rare ecological community and two uncommon ecological communities observed.  

TABLE 1A-29 
 

RARE ECOLOGICAL COMMUNITIY AND UNCOMMON ECOLOGICAL COMMUNITIES OBSERVED 

Common Name Scientific Name ACIMS Rank1 
# of 

Locations Site ID ELC / AWI Observed 
river alder / ostrich fern 
shrubland 

Alnus incana ssp. tenuifolia 
/ Matteuccia struthiopteris 

S2? 3 77 
102 
103 

e3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

awl-fruited sedge – water 
sedge marly fen 

Carex stipata – Carex 
aquatilis 

Not tracked 1 143 k2/FONS 

mud sedge - scheuchzeria / 
peat moss fen 

Carex limosa – 
Scheuchzeria palustris / 
Sphagnum angustifolium 

Not tracked 1 109 k3/FONG 

Notes: 1 Definitions of rarity ranks are included in the footnotes of Attachment 1A1. Communities on the Ecological Community Tracking List (Allen 2011) 
have S ranks in bold text. 
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The rare ecological community, river alder / ostrich fern shrubland (Alnus incana ssp. tenuifolia / 
Matteuccia struthiopteris), was observed in three locations during 2010 field surveys. Two of the locations 
were within 1 km of each other and will be treated as a single EO. The river alder / ostrich fern shrubland 
is a rare ecological community that is frequently associated with rich, moist riparian areas with continuous 
water supply from springs, creeks or runoff. Sites are subject to intermittent flooding. River alder 
dominates a dense, tall shrub layer with up to 80% cover, wild red raspberry may be present in a second, 
lower shrub layer, and ostrich fern dominates a lush forb layer with up to 80% cover. Cow parsnip and 
bluejoint may also be prominent. This community is known from the Central Mixedwood, Lower Boreal 
Highlands and Athabasca Plain subregions of the Boreal Forest Natural Region, and is ranked S2? in 
Alberta (Allen 2011). 

Two uncommon ecological communities were observed during the 2011 field surveys: awl-fruited sedge – 
water sedge marly fen (Carex stipata – Carex aquatilis) and mud sedge - scheuchzeria / peat moss fen 
(Carex limosa – Scheuchzeria palustris / Sphagnum angustifolium). Neither of these communities is on 
the Ecological Community Tracking List (Allen 2011) but can be considered uncommon (Allen pers. 
comm.).  

The awl-fruited sedge – water sedge marly fen was dominated by hummocks of awl-fruited sedge with 
water sedge being common. Additional species observed included marsh-marigold, shrub height 
tamarack and smooth willow. Marly fens are uncommon and the dominant species, awl-fruited sedge, is 
ranked S3 by ACIMS and not on the List of Tracked and Watched Elements (ACIMS 2011a), so a 
community with awl-fruited sedge as a dominant species would be at least ranked S3 (Allen pers. 
comm.). 

The mud sedge - scheuchzeria / peat moss fen occurred within the lowest points of an overall graminoid 
fen mosaic. The dominant species was Sphagnum angustifolium, with mud sedge and small bog 
cranberry being common. There are a number of mud sedge ecological community types reported for 
Alberta and several of them are on the Ecological Community Tracking List (Allen 2011). Communities 
with Sphagnum angustifolium are probably the most common of the group and are not tracked, but are 
still uncommon and would at least be ranked S3 (Allen pers. comm.). 

1A.3.4.2 Rare Vascular Plants Observed 

No COSEWIC or SARA-listed species were observed during the 2010 and 2011 rare ecological 
community and rare plant surveys. No species designated under the Alberta Wildlife Act were observed 
during the 2010 and 2011 rare ecological community and rare plant surveys.  

Of the 15 rare vascular plants observed during the 2010 and 2011 rare ecological community and rare 
plant surveys, 7 are listed as rare by the List of Tracked and Watched Elements (ACIMS 2011a) and 14 
are listed as rare by the General Status of Alberta Wild Species (ASRD 2011a) (Table 1A-30). For ease of 
comparison, species are categorized in Figure 1A-17 by the list on which they are ranked as rare (i.e., the 
General Status of Alberta Wild Species, and the List of Tracked and Watched Elements or both). 
Descriptions of each rare vascular plant species observed are provided in Attachment 1A7. 
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TABLE 1A-30 
 

RARE VASCULAR PLANTS OBSERVED 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
alder-leaved 
buckthorn 

Rhamnus alnifolia S3 Sensitive 3 9 
34 
37* 
43 
79 

f3/STNN 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 

Arctic starflower Trientalis europaea S3 Sensitive 3 5 
45 
46 

e2 
e2 
e3 

bog adder’s-
mouth orchid 

Malaxis paludosa S1 May Be at Risk 2 15 
75* 
105 

j1/FTNN 
j1/FTNN 
j1/FTNN 

bristly buttercup Ranunculus 
pensylvanicus 

S3 Sensitive 2 90 
108 

Shrubby Wetland/SONS 
d2 

broad-fruited 
sedge 

Carex tenera S3 Sensitive 1 16 j1/FTNN 

bur-reed Sparganium 
glomeratum 

S1 May Be at Risk 1 120 Shrubby Wetland/SONS 

coralroot species Corallorhiza sp. S3 Sensitive 1 58 j1/FTNN 
fox sedge Carex vulpinoidea S2 May Be at Risk 2 60 

82 
d1 
Cutblock 

golden saxifrage Chrysosplenium 
iowense 

S3? Sensitive 15 3 
22 
56 
74 
80 
84 
94 
95 
100 
112 
113 
114 
117 
119 
123 
124 
126 
127 
128 
129 
130 
132* 
133 
135 
136 

f3/STNN 
h1/STNN 
f1/STNN 
e3 
h1/STNN 
Shrubby Wetland/SONS 
f2/STNN 
h1/STNN 
e3 
Shrubby Wetland/SONS 
k1/FTNN 
l1 
f3/STNN 
f1/STNN 
Shrubby Wetland/SONS 
j1/FTNN 
j2/FONS 
Shrubby Wetland/SONS 
Cutblock 
k1/FTNN 
Shrubby Wetland/SONS 
f3/STNN 
f3/STNN 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

goldthread Coptis trifolia S3 W Secure 5 19 
81 
91 
139 
140 

g1 
f2/STNN 
f3 
e2 
d2 

northern beech 
fern 

Phegopteris 
connectilis 

S2 May Be at Risk 2 98 
111* 

f3/STNN 
e2 

ostrich fern Matteuccia 
struthiopteris 

S3 Sensitive 3 77 
86 
93 
102 
110 

e3 
Cutblock 
e2 
Shrubby Wetland/SONS 
e2 

small butterwort Pinguicula villosa S2 Sensitive 2 121 
131 

j1/FTNN 
j1/FTNN 

spotted coralroot Corallorhiza 
maculate 

S3 Sensitive 1 107 e2 
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TABLE 1A-30  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
tall blue lettuce Lactuca biennis S2 May Be at Risk 2 6* 

104 
137 

Meadow 
Anthropogenic 
Anthropogenic 

white 
wintergreen 

Pyrola elliptica S3 Sensitive 1 89 e2 

Notes: 1 Definitions of rarity ranks are included in the footnotes of Attachment 1A2. Species on the List of Tracked and Watched Elements 
(ACIMS 2011a) have S ranks in bold text. 

 2 Populations may be made up of multiple sub-populations, all within 1 km of each other. 
 * Location on Project Area. 

 

1A.3.4.3 Rare Nonvascular Plants Observed 

No COSEWIC or SARA-listed rare nonvascular plants were observed during the 2010 and 2011 rare 
ecological community and rare plant surveys. No nonvascular species designated under the Alberta 
Wildlife Act were observed during the 2010 and 2011 rare ecological community and rare plant surveys.  

Of the 47 rare nonvascular plants observed during the 2010 and 2011 rare ecological community and rare 
plant surveys, 36 are listed as rare by the List of Tracked and Watched Elements (ACIMS 2011a) and 17 
are listed as rare by the General Status of Alberta Wild Species (ASRD 2011a) (Table 1A-31). Five rare 
nonvascular plants are not included within the List of all Species and Ecological Communities within the 
ACIMS Database (ACIMS 2011c) or the General Status of Alberta Wild Species (ASRD 2011a) and 
therefore, are not ranked (Table 1A-31). The locations where rare nonvascular plants were observed are 
shown on Figure 1A-18 by Site ID (see Table 1A-31). Descriptions of each rare nonvascular plant species 
observed are provided in Attachment 1A7. 
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TABLE 1A-31 
 

RARE NONVASCULAR PLANTS OBSERVED 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
Anastrophyllum 
liverwort 

Anastrophyllum 
helleranum 

S2 -- 5 13 
26 
27* 
29 
31 
35* 
40 
52 
118 

h1/STNN 
f3/STNN 
f3 
e2 
e3 
h1/STNN 
d3 
j1/FTNN 
d3 

Atrichum moss Atrichum selwynii S2 Secure 1 31 e3 
dot lichen Biatora vernalis SU -- 1 59 e2 
Blasia liverwort Blasia pusilla S1 -- 5 31 

92 
97 
99 
116 

e3 
Anthropogenic 
f3 
Anthropogenic 
Anthropogenic 

Calicium lichen Calicium 
adaequatum 

SNR -- 8 1 
4 
22 
29 
31 
34 
37* 
43 
44 
45 
46 

h1/STNN 
Shrubby Wetland/SONS 
h1/STNN 
e2 
e3 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 
e2 
e3 

Calicium lichen Calicium 
salicinum 

S1 -- 1 55 d1 

Calypogeia 
liverwort 

Calypogeia 
neesiana 

S3 W -- 2 47 
48 

g1/STNN 
i1/BTNN 

Calypogeia 
liverwort 

Calypogeia 
suecica 

S1 -- 1 37* h1/STNN 

Chaenotheca 
lichen 

Chaenotheca 
laevigata 

SNR -- 1 57 d3 

Cladonia lichen Cladonia 
acuminata 

S1? Undetermined 1 21 i1/BTNN 

Cladonia lichen Cladonia 
bacilliformis 

S3 Sensitive 1 21 i1/BTNN 

finger pixie-cup Cladonia digitata S2 May Be at Risk 1 26 f3/STNN 
Cladonia lichen Cladonia 

merochlorophaea 
S2 May Be at Risk 3 9 

48 
56 

f3/STNN 
i1/BTNN 
f1/STNN 

wand lichen Cladonia rei S2 May Be at Risk 1 7 d2 
Cladonia lichen Cladonia stygia S2 Secure 2 24 

144 
i1/BTNN 
g1 

peg lichen Cladonia 
subcariosa 

S1? Not Assessed 1 147* e3 
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TABLE 1A-31  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
snakeskin 
liverwort 

Conocephalum 
conicum 

S2 -- 8 4 
22 
31 
46 
71 
74 
78 
83 
85* 
88 
94 
97 
100 
106 
118 
127 
130 
132* 
134 
146 

Shrubby Wetland/SONS 
e2 
Shrubby Wetland/SONS 
e3 
d3 
e3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Cutblock 
d3 
f3 
e3 
f3/STNN 
d3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
f3/STNN 
e1 
e3, e2, Shrubby Wetland/SONS 

soot lichen Cyphelium 
tigillare 

S2 -- 1 17 k2/FONS 

powdered fringed 
lichen 

Heterodermia 
speciosa 

S2 May Be at Risk 3 8* 
12 
50 
59 
142 

d2 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
e2 
d1 

jellyskin Leptogium 
teretiusculum 

SU Undetermined 2 42 
59 

b3 
e2 

Lichenomphalia 
lichen 

Lichenomphalia 
umbellifera 

S2S4 May Be at Risk 2 1 
36 
92 

h1/STNN 
e2 
Anthropogenic 

many-spored 
camofalge lichen 

Melanohalea 
multispora 

S2S4 Undetermined 2 31 
37* 

e3 
e3 

Mnium moss Mnium thomsonii S3 Sensitive 1 26 f3/STNN 
naked kidney 
lichen 

Nephroma bellum S2 Secure 5 31 
35* 
40 
57 
142 

e3 
h1/STNN 
d3 
d3 
d1 

fringed kidney 
lichen 

Nephroma 
helveticum 

S1S2 Sensitive 1 31 e3 

Pellia liverwort Pellia neesiana S2 -- 4 31 
46 
78 
83 
101 

e3 
e3 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

Peltigera lichen Peltigera collina S2 Sensitive 1 31 e3 
alternating dog-
lichen 

Peltigera 
polydactyla 

S2 -- 3 31 
41 
54 

e3 
h1/STNN 
d1 

shadow lichen Phaeophyscia 
ciliata 

S3 Sensitive 1 55 d1 

Platygyrium moss Platygyrium 
repens 

S3 Sensitive 1 87 e2 

rock ramalina Ramalina 
intermedia 

S2 May Be at Risk 2 35* 
39 

h1/STNN 
d2 

hooded ramalina Ramalina 
obtusata 

S2 Secure 1 55 d1 
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TABLE 1A-31  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
Riccardia liverwort Riccardia 

palmata 
S1 -- 8 2 

3 
26 
27* 
28 
35* 
41 
44 
96 
118 

d2 
f3/STNN 
f3/STNN 
f3 
e2 
h1/STNN 
h1/STNN 
j1/FTNN 
j2/FONS 
d3 

Riccardia liverwort 
species 

Riccardia sp. S1-S2S3 -- 1 72 h1/STNN 

pepper-spore 
lichen 

Rinodina freyi S1 -- 8 22 
25 
29 
33 
34 
37* 
44 
45 
46 

h1/STNN 
e2 
e2 
k1/FTNN 
k1/FTNN 
h1/STNN 
j1/FTNN 
e2 
e3 

Scapania liverwort Scapania 
apiculata 

S1 -- 1 38 d3 

Scapania liverwort Scapania 
glaucocephala 

S2 -- 6 2 
20 
32 
36 
38 
39 
42 

d2 
d3 
d1 
e2 
d3 
d2 
b3 

Sclerophora 
lichen 

Sclerophora sp. SNR -- 1 29 e2 

Sclerophora 
lichen 

Sclerophora 
amabilis 

SNR -- 1 54 d1 

Sphinctrina lichen Sphinctrina 
anglica 

SNR -- 1 9 f3/STNN 

flagon-fruited 
splachnum 

Splachnum 
ampullaceum 

S2 Secure 1 53 
115 

j1/FTNN 
j1/FTNN 

yellow collar moss Splachnum 
luteum 

S3 T Sensitive 2 30 
125 

i1/BTNN 
g1 

red collar moss Splachnum 
rubrum 

S3 T Sensitive 1 70 
73 
76 
138 

h1/STNN 
i1/BTNN 
f3 
h1/STNN 

collar moss 
species 

Splachnum sp. S2-S3 Sensitive - Secure 2 44 
50 

j1/FTNN 
Shrubby Wetland/SONS 

Stenocybe lichen Stenocybe 
pullatula 

S2S4 -- 10 4 
23 
25 
28 
29 
33 
34 
37* 
43 
44 
45 
50 
103 
143 

Shrubby Wetland/SONS 
j1/FTNN 
e2 
e2 
e2 
k1/FTNN 
k1/FTNN 
h1/STNN 
h1/STNN 
j1/FTNN 
e2 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 
Shrubby Wetland/SONS 

Usnea lichen Usnea 
chaetophora 

SNR -- 1 18 j1/FTNN 

fishbone beard 
lichen 

Usnea filipendula S3 Sensitive 2 8* 
48 

d2 
i1/BTNN 
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TABLE 1A-31  Cont'd 

Common Name Scientific Name ACIMS Rank1 General Status Rank1 # of Populations2 Site ID ELC / AWI Observed 
lustrous beard 
lichen 

Usnea glabrata S3 Sensitive 7 8* 
10 
11 
13 
14 
16 
17 
18 
22 
30 
36 
49 
51 
141 
143 
145 

d2 
i1/BTNN 
j1/FTNN 
h1/STNN 
k1/FTNN 
j1/FTNN 
k2/FONS 
j1/FTNN 
h1/STNN 
i1/BTNN 
e2 
j2/FONS 
k1/FTNN 
h1 
Shrubby Wetland/SONS 
e2 

Notes:  1 Definitions of rarity ranks are included in the footnotes of Attachment 1A2. Species on the List of Tracked and Watched Elements 
(ACIMS 2011a) have S ranks in bold text. 

 2 Populations may be made up of multiple sub-populations, all within 1 km of each other. 
 * Location on Project Area. 

 

1A.3.4.4 Non-native and Invasive Species Observed 

No Prohibited Noxious weeds were observed within the LSA during 2010 and 2011 field surveys. Four 
Noxious weeds (common tansy, common toadflax, creeping [Canada] thistle and sow-thistle species), 
were observed in a few locations within the LSA. Some sow-thistle species are designated as Noxious 
under the Alberta Weed Control Act. Since the floral characteristics required to differentiate sow-thistle 
species were not present at the time of survey, the occurrence of sow-thistle will be considered Noxious. 
The following non-native introduced or invasive species also occur within the LSA: alsike clover; annual 
hawk's-beard; awnless brome; caraway; common dandelion; common knotweed; common plantain; 
curled dock; hemp nettle; lady’s-thumb; low cudweed; pineappleweed; red fescue; and timothy. 
Figure 1A-19 shows the location of each non-native and invasive species observation. 
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POTENTIAL RARE ECOLOGICAL COMMUNITIES IN THE CENTRAL MIXEDWOOD AND LOWER BOREAL HIGHLANDS NATURAL SUBREGIONS 

Scientific Names Common Names 

LSA within 
Community 

Range 
ELC with Potential to Support 

Community Provincial and Global Ranks1 
Forest / Woodland 

Betula neoalaskana / Ledum groenlandicum Alaska birch / common Labrador tea Yes f2, h1, i1, j1, Shrubby Wetland S1S2 
Larix laricina - Picea mariana / Cornus stolonifera - Rubus idaeus tamarack - black spruce / red-osier dogwood - wild 

red raspberry 
Yes h1, i1, j1, Shrubby Wetland S1S2 

Larix laricina / Carex prairea tamarack / prairie sedge Yes h1, j1, k1 S1 
Picea glauca / Alnus incana ssp. tenuifolia - Betula neoalaskana / Equisetum 
pratense / Hylocomium splendens 

white spruce / river alder - Alaska birch / meadow 
horsetail / stair-step moss 

Yes f2, f3 S3 

Picea glauca / Cetraria islandica white spruce / lichen Yes b3, d3 S1? 
Picea glauca / Equisetum scirpoides white spruce / dwarf scouring-rush forest Yes b3, d3, e3 SU 
Picea mariana / Cornus stolonifera / feathermoss black spruce / red-osier dogwood / feathermoss Yes j1, k1, k2 S1S2 
Populus balsamifera / Alnus incana ssp. tenuifolia -Cornus stolonifera / 
Equisetum pratense 

balsam poplar / river alder - red-osier dogwood / 
meadow horsetail 

Yes e1, e2, f1, f2 S3 

Populus balsamifera / Rhamnus alnifolia / Equisetum arvense balsam poplar / alder-leaved buckthorn / common 
horsetail 

Yes e1, e2, f1, f2 S1 

Populus balsamifera / Viburnum opulus / Matteuccia struthiopteris balsam poplar / high-bush cranberry / ostrich fern Yes e1, e2, f1, f2 S1S2 
Populus tremuloides / Rosa acicularis / Apocynum androsaemifolium aspen / prickly rose / spreading dogbane Yes b3, d1 S1S2 
Populus tremuloides / Rubus parviflorus / Aralia nudicaulis aspen / thimbleberry / wild sarsaparilla Yes d1, e1, f1 S2S3 
Populus tremuloides / Salix bebbiana - Corylus cornuta / Calamagrostis 
canadensis - Matteuccia struthiopteris 

aspen / beaked willow - beaked hazelnut / bluejoint - 
ostrich fern 

Yes d1, e1, f1 S1 

Populus tremuloides / Vaccinium myrtilloides  aspen / common blueberry woodland Yes b3, d1 S2? 
Shrubland 

Alnus incana ssp. tenuifolia / Matteuccia struthiopteris shrubland river alder / ostrich fern shrubland Yes e1, e2, f1, f2, f3, h1 S2? 
Amelanchier alnifolia /Arctostaphylos uva-ursi / Oryzopsis pungens saskatoon / common bearberry / northern rice grass Yes b3, c1, d1 S2S3 
Andromeda polifolia / Sarracenia purpurea / Sphagnum angustifolium bog rosemary / pitcher-plant / peat moss Yes i2, j2, k2, k3 S1S2 
Chamaedaphne calyculata - Kalmia polifolia / Cladina mitis leatherleaf - northern laurel / green reindeer lichen Yes i2, j2, k2, k3 S1S2 
Salix drummondiana / Scirpus microcarpus - Calamagrostis canadensis Drummond's willow / small-fruited bulrush - bluejoint Yes l1, Shrubby Wetland S1 
Salix pedicellaris / Potentilla palustris  bog willow / marsh cinquefoil rich fen Yes k1, k2 S2? 
Symphoricarpos albus – Amelanchier alnifolia  snowberry – saskatoon shrubby slope Yes b3, d1, d2 S2? 

Herbaceous 
Atriplex subspicata - Puccinellia nuttalliana - Triglochin palustris string fen spearscale saltbrush - Nuttall’s salt-meadow grass - 

slender arrow grass 
Yes k3 S1S3 

Calamagrostis stricta - Triglochin maritima  narrow reed grass - seaside arrow-grass string fen Yes k3 S1S3 
Carex limosa - Menyanthes trifoliata - Cardamine pratensis mud sedge - buck-bean - meadow bitter cress Yes j2, k2, k3 S1S2 
Carex limosa - Scheuchzeria palustris / Sphagnum teres - S. subsecundum mud sedge - scheuchzeria / peat moss Yes j2, k2, k3 S1 
Carex oligosperma / Sphagnum subsecundum few-fruited sedge / twisted bog moss Yes j2, k2, k3 S1S2 
Carex pseudocyperus - Calla palustris cyperus-like sedge - water arum Yes l1, Shrubby Wetland S2 
Carex retrorsa turned sedge marsh Yes l1, Shrubby Wetland S1S2 
Carex rostrata  beaked sedge marsh Yes l1, Shrubby Wetland S2 
Elymus trachycaulus - Distichlis stricta slender wheatgrass - salt grass Yes l1 S1 
Elymus trachycaulus - Hierochloe hirta ssp. arctica slender wheatgrass - sweet grass Yes l1 SU 
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Scientific Names Common Names 

LSA within 
Community 

Range 
ELC with Potential to Support 

Community Provincial and Global Ranks1 
Triglochin maritima - Carex praegracilis seaside arrow-grass - graceful sedge spring fen Yes k3 S1S2 

Sparsely Vegetated 
Puccinellia nuttalliana - Suaeda calceoliformis - Spergularia marina  Nuttall's salt-meadow grass - western sea-blite - salt-

marsh sand spurry barren 
Yes l1 S2 

Salicornia rubra  samphire emergent marsh Yes l1 S2, G2G3 
Aquatic 

Cymbella pusilla - Mastogloia smithii - Nitzschia palea diatom ponds Yes l1 S1S3 
Isoetes echinospora  northern quillwort aquatic community Yes l1 S1 
Sparganium eurycarpum  giant bur-reed emergent aquatic vegetation Yes l1 S1S2 

Source: Allen 2011 
Notes: 

1. Provincial (S) and Global (G) ratings range from S1 (5 or fewer occurrences or very few remaining hectares) to S5 (demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery). Ranks 
may be combined (e.g., S1S2). This indicates a larger margin of error than ranks assigned a "?" qualifier. Ratings that are not of concern (4-5) are not included. 

S1 = 5 or fewer occurrences or very few remaining hectares. 
S2 = 6 to 20 occurrences or few remaining hectares. 
S3 = 21 to 80 occurrences, or may be rare and local throughout its range or found locally, even abundantly, in a restricted range. 
? = Element is not yet ranked (i.e., S?), or has an inexact numerical rank (e.g., S1?). 
U = Unrankable: currently unrankable due to lack of information or due to substantially conflicting information about status or trends. 
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POTENTIAL RARE VASCULAR PLANTS IN THE CENTRAL MIXEDWOOD AND 
LOWER BOREAL HIGHLANDS NATURAL SUBREGIONS 

 

Scientific Name Common Name Habitat 
ELC with Potential to Support Rare 

Vascular Plant Species 

LSA within 
Known 
Species 
Range 

Preferred 
Habitat within 
Project Area 

Provincial 
Designations1 General Status2 

Federal/Global 
Designations3 

Agrostis exarata spike redtop Moist slopes, open areas; usually 
areas that hold snow late in the 
growing season. 

Cutblock, Regenerating Cutblock, 
Regenerating Burn, Anthropogenic 

-- Yes S2 May Be At Risk -- 

Anemone quinquefolia wood anemone Moist woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 -- Yes S1 May Be At Risk -- 
Arabidopsis salsuginea mouse-ear cress Moist, saline shores and flats by 

springs and lakes. Also in open, 
sandy alkaline soils in dry lakes and 
in salt plains and meadows. 

k3, l1, Shrubby Wetland, Meadow Yes -- S1 May Be At Risk -- 

Arctagrostis arundinacea 
(Arctagrostis latifolia) 2 

polar grass Marshy ground, moist meadows, 
damp turfy tunda, heathland and 
open woodland. 

a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, k3, l1, Shrubby 
Wetland, Meadow, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S2S3 Sensitive -- 

Artemisia tilesii Herriot's sagewort Open woods and river flats. a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, l1, Shrubby Wetland 

Yes Yes S3 (W) Sensitive -- 

Asclepias ovalifolia low milkweed Open woods and slopes, moist 
prairie. 

a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, Shrubby Wetland, 
Meadow 

Yes Yes S3 Sensitive -- 

Aster engelmannii elegant aster Open montane woods a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1 

-- Yes S3S4 (W)1 -- -- 

Aster umbellatus 
(Doellingeria umbellata) 2 

flat-topped white aster Moist woods, thickets, meadows 
and swampy sites. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Regenerating Cutblock, Meadow, 
Shrubby Wetland 

Yes Yes S2 May Be At Risk -- 

Aster x maccallae aster hybrid Moist woods, river flats. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Shrubby Wetland 

Yes Yes S1S2 Not Assessed -- 

Astragalus bodinii Bodin's milk vetch Moist meadows, gravel banks, 
thickets and disturbed ground along 
roads. 

Meadow, Cutblock, Regenerating 
Cutblock, Regenerating Burn, 
Anthropogenic 

Yes Yes S1 May Be At Risk -- 

Barbarea orthoceras American winter cress Streambanks, wet meadows, moist 
woods, sand bars and rocky cliffs. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Shrubby Wetland, Meadow 

Yes Yes S3 Sensitive -- 

Blysmus rufus (Blysmopsis 
rufa) 2 

red bulrush Saline fens and poorly drained iron-
rich ponds. 

k1, k2, k3, l1 Yes Yes S1 Sensitive -- 

Boschniakia rossica ground-cone Open woodland and scrub; parasitic 
on alder. 

b1, b2, b3, b4, c1, d1, d2, d3, e1, e2, e3, 
f1, f2, f3 

Yes Yes S1 May Be At Risk -- 

Botrychium crenulatum scalloped grape fern Wet areas. e1, e2, e3, f1, f2, g1, h1, l1, Shrubby 
Wetland 

Yes Yes S1 May Be At Risk G3 

Botrychium hesperium western grape fern Wooded areas, often with other 
moonworts. 

a1, b1, b2, b3, b4, c1, d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes SU Undetermined G3G4 

Botrychium lanceolatum lance-leaved grape fern Wet rocky slopes, meadows and 
woods. 

a1, b1, b2, b3, b4, c1, d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1, Meadow 

Yes Yes S2 Sensitive -- 
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Botrychium multifidum var. 
intermedium (Botrychium 
multifidum) 2 

leather grape fern Moist sandy areas, fields. e1, e2, e3, g1, Meadow Yes Yes S3 (W) May Be At Risk -- 

Botrychium oneidense blunt-lobed grape fern Moist, shady, acidic woods and 
swamps. 

d3, e3, f3, g1, h1 Yes Yes S1 Not Assessed -- 

Botrychium pinnatum northwestern grape fern Moist or wet, open places. l1, Meadow, Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S3 Sensitive -- 

Campanula aparinoides marsh bellflower Wet meadows and marshes. l1, Meadow, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Cardamine pratensis meadow bitter cress Bogs and swamps. f1, f2, f3, g1, h1, i1, i2, j1, j2, Shrubby 

Wetland 
Yes Yes S3 (W) May Be At Risk -- 

Carex adusta browned sedge Dry acid soil; moist sandy ground 
under pine; stony ground. 

a1, b1, b2, b3, b4, c1, g1 Yes Yes S1 May Be At Risk -- 

Carex arcta narrow sedge Moist woods, wet meadows and 
streambanks. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Meadow, Shrubby Wetland 

Yes Yes S1 May Be At Risk -- 

Carex backii Back's sedge Dry (to moist) shady woods, 
riparian woodland. 

a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes S3 May Be At Risk -- 

Carex capitata capitate sedge Wet sites, often calcareous fens; 
moist meadows and shrubby open 
woods, often above treeline. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
Meadow, Shrubby Wetland, k1, k2, k3 

Yes Yes S3 (W) Sensitive -- 

Carex heleonastes Hudson Bay sedge Often calcareous bogs and 
marshes. 

i1, i2, j1, j2, k1, k2, k3, l1, Shrubby 
Wetland 

Yes Yes S2 Sensitive -- 

Carex houghtoniana sand sedge Dry, acidic, sandy or gravelly places 
in the boreal forest, often in pine 
woods. 

a1, b1, b2, b3, b4, c1 Yes Yes S3S4 May Be At Risk -- 

Carex hystericina porcupine sedge Shady marshes. l1, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Carex lacustris lakeshore sedge Marshes and swampy woods. f1, f2, f3, g1, h1, l1 Yes Yes S2 May Be At Risk -- 
Carex oligosperma few-fruited sedge Wet meadows and bogs. i1, i2, j1, j2, k1, k2, k3, l1, Meadow, 

Shrubby Wetland 
Yes Yes S3? Sensitive -- 

Carex pedunculata stalked sedge Rich, relatively dry woods, 
frequently with poplars. Also in 
alder swamps and white spruce-
balsam fir forest. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, Shrubbly 
Wetland 

Yes Yes S1 May Be At Risk -- 

Carex pseudocyperus cyperus-like sedge Swamps and marshes. f1, f2, f3, g1, h1, l1, Shrubby Wetland Yes Yes S3 Sensitive -- 
Carex retrorsa turned sedge Swampy woods and wet meadows. f1, f2, f3, g1, h1, l1, Meadow Yes Yes S3 Sensitive -- 
Carex rostrata beaked sedge Floating fens at the edges of ponds 

and lakes. 
k3, l1 Yes Yes S3 Sensitive -- 

Carex scoparia broom sedge Moist open woodlands, moderate 
elevations. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes -- S1 May Be At Risk -- 

Carex tenera broad-fruited sedge Moist meadows and open 
woodland. 

a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, Meadow 

Yes Yes S3 Sensitive -- 

Carex umbellata umbellate sedge Dry open areas, often sandy. a1, b1, b2, b3, b4, c1, Cutblock,  
Regenerating Burn, Anthropogenic 

Yes Yes S2 Undetermined -- 

Carex vulpinoidea fox sedge Swampy ground. f1, f2, f3, g1, h1, l1, Shrubby Wetland Yes Yes S2 May Be At Risk -- 
Carex xerantica white-scaled sedge Prairies and plains. Meadow Yes -- S3 Sensitive -- 
Chenopodium berlandieri Berlandier goosefoot Grassland and disturbed areas. Meadow, Cutblock,  Regenerating Burn, 

Anthropogenic 
Yes Yes S3 Sensitive -- 
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Chrysosplenium iowense golden saxifrage Streambanks and marshy ground in 
shade. 

e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland 

Yes Yes S3? Sensitive G3? 

Cirsium foliosum leafy thistle Moist woods, deciduous woods and 
clearings. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
Meadow, Cutblock, Regenerating Burn, 
Anthropogenic 

Yes Yes S3 Sensitive -- 

Corallorhiza maculata spotted coralroot Woods. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes S3 Sensitive -- 

Corallorhiza striata striped coralroot Woods. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes S3 Sensitive -- 

Coptis trifolia goldthread Damp, mossy woods, muskeg, 
willow scrub and tundra 

d1, d2, d3, e1, e2, e3, f2, f3, g1, h1, i1, 
i2, j1, j2, Shrubby Wetland 

Yes Yes S3 (W) Secure -- 

Cypripedium acaule stemless lady's-slipper Wetlands, woods, sand dunes, 
sphagnum bogs. 

a1, b1, b2, b3, b4, c1, d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, k1, k2, 
k3, l1, Shrubby Wetland 

Yes Yes S3 Sensitive -- 

Cypripedium parviflorum American yellow lady's-
slipper 

Moist woodlands and banks. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Shrubby Wetland 

Yes Yes SNR Sensitive -- 

Cystopteris montana mountain bladder fern Springy or damp calcareous places. e1, e2, e3, f1, f2, f3, h1, k1, k2, k3, l1, 
shrubby wetland 

Yes Yes S2 May Be At Risk -- 

Danthonia spicata poverty oat grass Dry to moist open areas and open 
woodland. 

a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1, Shrubby Wetland, 
Meadow, Cutblock,  Regenerating Burn, 
Anthropogenic 

Yes Yes S2 May Be At Risk -- 

Diphasiastrum sitchense ground-fir Open woods and barrens. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes S2 May Be At Risk -- 

Drosera linearis slenderleaf sundew Marly bogs, wet calcareous shores. i1, i2, j1, j2, k1, k2, k3, l1 Yes Yes S3 (W) Sensitive -- 
Dryopteris cristata crested shield fern Moist woods and marshes. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 

l1, Shrubby Wetland 
Yes Yes S1 May Be At Risk -- 

Dryopteris filix-mas male fern Wooded slopes. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes Yes S1 May Be At Risk -- 

Elatine triandra (Elatine 
americana) 2 

waterwort Muddy shores and shallow water. e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland 

-- Yes S1 May Be At Risk -- 

Eleocharis elliptica slender spikerush Neutral to calcareous wet places. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
k1, k2, k3, l1, Shrubby Wetland 

-- Yes S2? Undetermined -- 

Elodea bifoliata two-leaved waterweed Sloughs, ponds and lakes, in quiet 
or running water. 

e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland 

-- Yes S2 May Be At Risk -- 

Epilobium halleanum Hall's willowherb Moist ground. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 -- Yes S1 May Be At Risk -- 
Epilobium lactiflorum white willowherb Moist streambanks and moist 

slopes to alpine elevations. 
e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland 

-- -- S2 May Be At Risk -- 

Eupatorium maculatum 
(Eutrochium maculatum) 

spotted joe-pye weed Marshy ground and moist open 
woods. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
l1, Shrubby Wetland 

Yes Yes S1S2 May Be At Risk -- 

Gentianopsis detonsa ssp. 
raupii (Gentianopsis 
detonsa) 2 

northern fringed gentian Moist banks and meadows. e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland, Meadow 

Yes Yes S1 Sensitive G3G5T3T5 

Geranium carolinianum Carolina wild geranium Dry rocky woods, disturbed sites. a1, b1, b2, b3, b4, c1, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

-- Yes S1 Sensitive -- 
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Hedyotis longifolia 
(Houstonia longifolia) 2 

long-leaved bluets Open sandy woods and montane 
slopes. 

a1, b1, b2, b3, b4, c1 -- Yes S2 May Be At Risk -- 

Hypericum majus large Canada St. John's-
wort 

Moist depressions in sand dunes, 
sandy shores. 

e1, e2, e3, g1, l1 Yes -- S2 Sensitive -- 

Isoetes echinospora northern quillwort Ponds and lakes; shallow water. k3, l1, Shrubby Wetland Yes Yes S2 May Be At Risk -- 
Juncus brevicaudatus short-tail rush Shores and marshes; pioneer on 

wet ground. 
k3, l1, Shrubby Wetland,Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S2 Sensitive -- 

Juncus filiformis thread rush Fens, marshes, streambanks and 
lakeshores 

e1, e2, e3, f1, f2, f3, g1, h1, j1, j2, k1, k2, 
k3, l1, Shrubby Wetland 

Yes Yes S3 Sensitive -- 

Juncus nevadensis Nevada rush Wet areas. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S1 May Be At Risk -- 

Juncus stygius var. 
americanus (Juncus 
stygius) 2 

marsh rush Fens, mossy areas around springs 
and seepages. 

e1, e2, e3, f1, f2, f3, g1, h1, j1, j2, k1, k2, 
k3, l1, Shrubby Wetland 

Yes Yes S2 May Be At Risk -- 

Lactuca biennis tall blue lettuce Moist open woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S2 May Be At Risk -- 
Liparis loeselii loesel's twayblade Cool, moist ravines, bogs, or fens; 

wet, peaty or sandy meadows; 
exposed sand along edges of lakes; 
colonizes previously open and 
disturbed habitats during early and 
middle stages of reforestation. 

i1, i2, j1, j2, k1, k2, k3, l1, Shrubby 
Wetland, Meadow, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S1 May Be At Risk -- 

Lobelia kalmii Kalm's lobelia Calcareous bogs and meadows. i1, i2, j1, j2, l1, Shrubby Wetland, 
Meadow 

Yes Yes S3 Sensitive -- 

Luzula acuminata sharp-pointed wood-rush Moist woodland, clearings. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
Meadow, Shrubby Wetland, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S1 May Be At Risk -- 

Luzula rufescens reddish wood-rush Damp, grassy slopes, bog and 
marsh edges, moist sand and 
gravel bars. 

e1, e2, e3, g1, i1, i2, j1, j2, k1, k2, k3, l1, 
Shrubby Wetland, Meadow, Shrubby 
Wetland, Cutblock, Regenerating 
Cutblock, Regenerating Burn, 
Anthropogenic 

Yes Yes S1 Sensitive -- 

Malaxis monophylla 
(Malaxis monophyllos) 2 

white adder's-mouth Damp woods, banks and bogs. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S3 Sensitive -- 

Malaxis paludosa bog adder's-mouth Black spruce bogs, in sphagnum 
moss. 

i1, i2, j1, j2 Yes Yes S1 May Be At Risk -- 

Matteuccia struthiopteris ostrich fern Damp woods. e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S3 Sensitive -- 
Mimulus guttatus yellow monkeyflower Stream margins, meadows, springs. e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 

Wetland, Meadow 
Yes Yes S2S3? Secure -- 

Monotropa hypopithys pinesap Rich, shady coniferous forests, on 
humus. 

d3, e3, f3, h1 Yes Yes S2 May Be At Risk -- 

Monotropa uniflora Indian-pipe Rich woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, h1 Yes Yes S3 Sensitive -- 
Muhlenbergia racemosa marsh muhly Sandhills and dry slopes. a1, b1, b2, b3, b4, c1, Cutblock, 

Anthropogenic 
Yes -- S2 May Be At Risk -- 

Najas flexilis slender naiad Ponds and streams. e1, e2, e3, f1, f2, f3, g1, h1, k3, l1, 
Shrubby Wetland 

Yes Yes S2 May Be At Risk -- 
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Nymphaea leibergii pygmy water-lily Ponds and quiet waters. k3, l1, Shrubby Wetland Yes Yes S1S2 May Be At Risk -- 
Nymphaea tetragona white water-lily Lakes, ponds and slow-moving 

streams; likes deep and acidic 
water. 

e1, e2, e3, f1, f2, f3, g1, h1, k3, l1, 
Shrubby Wetland 

Yes Yes S1 May Be At Risk -- 

Oplopanax horridus devil's-club Moist to wet, shady sites. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S3 Sensitive -- 
Pellaea glabella smooth cliff-brake Dry limestone rocks. a1, b1, b2, b3, b4, c1 Yes Yes S2 May Be At Risk -- 
Pellaea glabella ssp. 
simplex 

smooth cliff-brake Calcareous cliffs and ledges. a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1 

Yes Yes S2 May Be At Risk -- 

Phegopteris connectilis northern beech fern Moist woodlands. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S2 May Be At Risk -- 
Physostegia ledinghamii false dragonhead Moist woods and streambanks. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 

l1, Shrubby Wetland 
Yes Yes S3 (W) May Be At Risk -- 

Pinguicula villosa small butterwort Sphagnum bogs. i1, i2, j1, j2 Yes Yes S2 Sensitive -- 
Plantago maritima seaside plantain Saline marshes. l1, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Platanthera dilatata tall white bog orchid Wet woods, thickets and bogs. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 

Shrubby Wetland, Regenerating 
Cutblock, Regenerating Burn 

Yes Yes S3 Sensitive -- 

Polygala paucifolia fringed milkwort Moist coniferous or mixed woods d2, d3, e2, e3, f2, f3, g1, h1 Yes Yes S1 May Be At Risk -- 
Polygala senega seneca snakeroot Open woods and moist prairies. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 

e3, f1, f2, f3, g1, h1, Meadow 
Yes Yes S3 Sensitive -- 

Polypodium sibiricum Siberian polypody Cracks and ledges on rock 
outcrops. Shaded, sheltered slopes. 

a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

-- -- S3 (W) Sensitive -- 

Polypodium virginianum rock polypody Moist cliffs and rocky sites. a1, b1, b2, b3, b4, c1 d1, d2, d3, e1, e2, 
e3, f1, f2, f3, g1, h1 

Yes -- SNR May Be At Risk -- 

Potamogeton foliosus leafy pondweed Shallow standing water. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
j3, k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S2 Secure -- 

Potamogeton obtusifolius blunt-leaved pondweed Lakes and ponds; cold springs, 
streams. 

e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
j3, k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S2 Sensitive -- 

Potamogeton robbinsii Robbins' pondweed Shallow water. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
j3, k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S1 Sensitive -- 

Potamogeton strictifolius linear-leaved pondweed Wet places, submerged in water. e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
j3, k1, k2, k3, l1, Shrubby Wetland 

Yes Yes S2 Sensitive -- 

Potentilla multifida 
(Potentilla bimundorum) 2 

branched cinquefoil Gravel bars and open slopes; on 
scree slopes and open gravelly or 
sandy ground, often near streams 
and lakes or on roadsides. 

e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland, Meadow, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S1 May Be At Risk -- 

Prenanthes racemosa glaucous white lettuce Moist meadows and thin thickets. l1, Meadow, Shrubby Wetland, 
Regenerating Cutblock, Regenerating 
Burn 

Yes Yes S3 Sensitive -- 

Puccinellia distans slender salt-meadow 
grass 

Moist, alkaline areas. d1, d2, d3, e1, e2, e3, f1, f2, f3, h1 Yes -- SNA May Be At Risk -- 

Pyrola elliptica white wintergreen Rich woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, h1 Yes Yes S3 Sensitive -- 
Ranunculus pensylvanicus bristly buttercup Marshy ground, wet thickets and 

ditches. 
l1, Shrubby Wetland, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S3 Sensitive -- 

Rhamnus alnifolia alder-leaved buckthorn Moist, shady woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S3 Sensitive -- 
Rhynchospora capillacea slender beak-rush Calcareous fens and bogs. i1, i2, j1, j2, k1, k2, k3 Yes Yes S1 May Be At Risk -- 
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Sagittaria latifolia broad-leaved arrowhead Ponds, lakes and ditches. k3, l1, Shrubby Wetland, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S2 May Be At Risk -- 

Salix athabascensis Athabasca willow Marl bogs, fens and muskegs. i1, i2, j1, j2, k1, k2, k3 Yes Yes S3 Sensitive -- 
Salix sitchensis Sitka willow Alluvial soil (Athabasca River). e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 

Wetland 
Yes Yes S1 May Be At Risk -- 

Sarracenia purpurea pitcher-plant Wetlands, usually with peat moss. i1, i2, j1, j2, k1, k2, k3 Yes Yes S3 Sensitive -- 
Scirpus pallidus pale bulrush Marshy areas. l1, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Sisyrinchium 
septentrionale 

pale blue-eyed grass Moist grassy areas. Meadow, Shrubby Wetland, Cutblock, 
Regenerating Cutblock, Regenerating 
Burn, Anthropogenic 

Yes Yes S3 Sensitive G3G4 

Sparganium glomeratum bur-reed Ponds. k3, l1, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Sparganium hyperboreum northern bur-reed Aquatic plants in shallow 

alpine/subalpine lakes and lower 
elevations. 

l1, Shrubby Wetland -- Yes S1 Sensitive -- 

Spartina pectinata prairie cord grass Saline shores and marshes. k3, l1, Shrubby Wetland Yes Yes S1 May Be At Risk -- 
Spergularia salina salt-marsh sand spurry Brackish or saline muds and sands. k3, l1, Shrubby Wetland Yes Yes S2S3 May Be At Risk -- 
Sphenopholis obtusata  Moist meadows, shores and open 

woods. 
a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, k3, l1, Shrubby 
Wetland, Meadow 

Yes  S2 May Be At Risk -- 

Spiraea alba narrow-leaved 
meadowsweet 

Wet meadows and shores. k3, l1, Shrubby Wetland, Meadow Yes Yes S3 Sensitive -- 

Spiranthes lacera northern slender ladies'-
tresses 

Dry, rocky, open woods and grassy 
areas in or near jack pine-lichen 
forest, often with common blueberry 

 
a1, , b1, b2, b3, b4, c1 

Yes Yes S1 May Be At Risk -- 

Stellaria crispa wavy-leaved chickweed Moist woods, damp meadows, on 
lake shores and streamsides. 

d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
k3, l1, Shrubby Wetland, Meadow 

Yes Yes S2 May Be At Risk -- 

Streptopus roseus 
(Streptopus lanceolatus)2 

rose mandarin Moist coniferous woods and 
streambanks. 

d3, e3, f3, g1, h1 Yes Yes S1 May Be At Risk -- 

Thalictrum sparsiflorum flat-fruited meadow rue Moist woods and meadows. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, 
Meadow 

Yes Yes S3 Sensitive -- 

Trichophorum clintonii Clinton's bulrush Open woodland and turfy shores. a1, b1, b2, b3, b4, d1, d2, d3, e1, e2, e3, 
f1, f2, f3, g1, h1, k3, l1, Shrubby Wetland 

Yes Yes S1 May Be At Risk -- 

Trientalis europaea Arctic starflower Moist woods. d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1 Yes Yes S3 Sensitive -- 
Viola pallens (Viola 
macloskeyi)2 

Macloskey's violet Boggy or wet ground and wet 
thickets. 

e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, j2, 
k1, k2, k3, l1, Shrubby Wetland, 
Regenerating Cutblock, Regenerating 
Burn 

Yes Yes S2S3 Sensitive -- 

Wolffia columbiana watermeal Floating or just beneath surface in 
beaver ponds. 

e1, e2, e3, f1, f2, f3, g1, h1, l1, Shrubby 
Wetland 

Yes Yes S2 Sensitive -- 

Sources: ACIMS 2011a, ACIMS 2011d, ACIMS 2011e, ASRD 2010, ASRD 2011a, Argus and Pryer 1990, COSEWIC 2012, Douglas et al. 2002, Government of Canada 2011, Kershaw et al. 2001, Moss 1983, NatureServe 
2011a, NatureServe 2011b, Porsild and Cody 1980, Williston 2001 

Notes: 
1. Provincial (S) ranks are assigned by the provincial and federal Conservation Data Centre(s); in cases of conflict or missing data, the provincial CDC will have preference. Ranks range from 1 (five or fewer occurrences) 

to 5 (demonstrably secure under present conditions); all definitions below are from NatureServe 2011b. 
S1 = Critically Imperilled:  because of extreme rarity or because of some factor(s) making it especially vulnerable to extirpation.  Typically five or fewer occurrences or very few remaining individuals (<1,000). 

 
 
 



 

 
 
 

Page 1A-83 

S2 = Imperilled:  because of rarity or because of some factor(s) making it very vulnerable to extirpation.  Typically 6-20 occurrences or few remaining individuals (1,000-3,000). 
S3 = Vulnerable:  because rare and uncommon, or found in a restricted range (even if abundant at some locations), or because of other factors making it vulnerable to extirpation.  Typically 21-100 occurrences 

or between 3,000 and 10,000 individuals. 
S4 = Apparently Secure:  uncommon but --t rare, and usually widespread in the province.  Possible cause of long-term concern.  Usually more than 100 occurrences and more than 10,000 individuals. 
S#S# = Range Rank:  a numeric range rank (e.g., S2S3) is used to indicate the range of uncertainty about the exact status of the element. 
SU = Unrankable:  currently unrankable due to lack of information or due to substantially conflicting information about status or trends. 
? = Inexact numeric rank:  denotes inexact numeric rank. 
SNR = Unranked:  conservation status not yet assessed. 
SNA = Not Applicable:  a conservation status rank is not applicable because the species is not a suitable target for conservation activities. 
(W) = Watch List: elements that are not currently considered as high conservation concern, but there is some information to suggest 

that they may become rare should there be significant alterations to the element’s habitats or population. Data for watch listed 
elements are collected by ACIMS (ACIMS 2011d). 

 
2. The General Status of Alberta Wild Species. General status determination is the first step in a continuing process of evaluating and reporting the biological status of Alberta’s wild species. All definitions below are from 

ASRD 2011a. When the scientific name for a species differs between The General Status of Alberta Wild Species and the List of Tracked and Watched Elements (ACIMS 2011a), the General Status scientific name is 
included in brackets. 

 At Risk: Any species known to be at risk after formal detailed status assessment and legal designation as Endangered or Threatened in Alberta. 
 May be at Risk: Any species that may be at risk of extinction or extirpation, and is therefore a candidate for detailed risk assessment. 

Sensitive:  Any species that is not at risk of extinction or extirpation but may require special attention or protection to prevent it from becoming at risk. 
Secure: A species that is not At Risk, May be at Risk or Sensitive. 

 Undetermined: Any species for which insufficient information, knowledge or data is available to reliably evaluate its general status. 
 Not Assessed: Any species that has not been examined during the exercise. 
  
 
3. Global (G) ranks are based on species status world-wide and follow a system parallel to that for Provincial Ranks (0 to 1), ranging from 1 (5 or fewer occurrences) to 5 (demonstrably secure under present conditions) 

(NatureServe 2011b).  Only Global Ranks of concern (G1 to G3) or questionable ranks are displayed. 
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ATTACHMENT 1A3 
 

PRIORITY HABITATS FOR BRYOPHYTES AND LICHENS 
 

Habitats 
Priority for 
Bryophytes Priority for Lichens Code 

Forest 
Hard stumps, logs, snags or tip-ups  (with bark) 1 1 FLH 
Soft stumps, logs or tip-ups (without bark) 1 1 FLS 
Deciduous trees (live or dead; roots, bases, trunks, or 
branches within reach) 

2 1 FTD 

Coniferous trees (live or dead; roots, bases, trunks, or 
branches within reach) 

2 1 FTC 

Shrubs (live or dead; roots, bases, stems or branches) 2 2 FTS 
Soil (under trees/shrubs, shaded by canopy), Litter or 
Dung 

2 2 FSL 

Wet Areas 
Wetlands: marshes, fens, swamps or bogs (under or 
away from trees, in standing or flowing water or on 
vegetation hummocks ) 

1 2 WMF 

Shores/banks of wetlands, ponds, lakes or streams 
(organic or mineral soil adjacent the water’s edge) 

1 2 WSB 

Moist depressions/seasonal wetlands (edges or bottom 
of the area influenced by water) 

1 2 WDS 

Sparsely Vegetated Areas 
Boulders (>50 cm diam.) (top, sides or base)  1 1 SB 
Rocks (<50 cm diam.) (top, sides or base)  1 1 SR 
Cliffs (steep high rock face) (faces, ledges, or crevices) 1 1 SC 
Soil (without trees/shrubs, open to sunlight) 2 2 SS 
Disturbed Areas 
Agriculturally cultivated soils  2 2 DC 
Mineral soil in upland areas from any causes 2 2 DM 
Human structures (vertical or horizontal parts) 2 1 DH 

Source:  Adapted from ABMI 2009 
 

 

 

 

 



BlackPearl Resources Inc.  Vegetation Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 1A 
 

 
   

Page 1A-85 
 
 

ATTACHMENT 1A4 
 

HABITAT FRAGMENTATION METRICS SUMMARY 
 
Each vegetation community classification within FRAGSTATS is a class. Pixels of the same class that are 
adjacent to each other make up a patch. The size of a patch can be calculated by multiplying the area of 
a single pixel by the number of pixels within a patch. The landscape is composed of all patches within a 
defined area (i.e., all patches within the LSA or within the RSA). 

The Patch Area Distribution metric includes various statistics for patch area within a class and within the 
landscape. Mean patch size is calculated by dividing the total area of a class or landscape by the number 
of patches of a class or landscape. The range of patch size is calculated by subtracting the smallest patch 
size from the largest patch size within a class or landscape. The standard deviation of patch size equals 
the square root of the sum of standard deviations of each patch size of a class or landscape from the 
mean patch size of the class or landscape divided by the number of patches within the class or 
landscape.  

The Edge Contrast Index Distribution metric includes various statistics for edge contrast within a class 
and within the landscape. Edge Contrast is calculated by summing a patch’s perimeter segment lengths 
multiplied by their corresponding contrast weights, divided by total patch perimeter, multiplied by 100 (so 
that the final value is a percentage). For the purpose of measuring changes in vegetation community’s 
anthropogenic edge, classes due to anthropogenic disturbance (i.e., at the LSA scale: Regenerating 
Cutblock, Cutblock, Anthropogenic and at the RSA scale: Closed Upland Shrub, Mixed Grassland, 
Anthropogenic Non-Vegetated) were given a contrast weight of 1 when along the edge of other classes. 
Non-anthropogenic classes were given a contrast weight of 0 when along the edge of other non-
anthropogenic classes. Mean of percentage of patch edge adjacent to anthropogenic disturbance is 
calculated by dividing the sum of patch Edge Contrast values of a class or landscape by the number of 
patches of a class or landscape. Range of percentage of patch edge adjacent to anthropogenic 
disturbance is calculated by subtracting the smallest patch Edge Contrast from the largest patch Edge 
Contrast within a class or landscape. Standard deviation of percentage of patch edge adjacent to 
anthropogenic disturbance equals the square root of the sum of standard deviations of each patch Edge 
Contrast of a class or landscape from the Mean of percentage of patch edge adjacent to anthropogenic 
disturbance of the class or landscape divided by the number of patches of the class or landscape.  
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ATTACHMENT 1A5 
 

OBSERVED PLANT SPECIES – BY TYPE AND COMMON NAME 
 

Common Name Scientific Name Ecological Land Classification 
TREES 

Alaska birch Betula neoalaskana d1, e2, e3, f2, f3, g1, h1, j1, k2, Shrubby Wetland, Regenerating Cutblock 

aspen Populus tremuloides 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, Regenerating Burn, Regenerating Cutblock, 
Cutblock 

balsam fir Abies balsamea b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, Regenerating Cutblock 

balsam poplar Populus balsamifera 
d1, d2, e1, e2, e3, f1, f2, f3, h1, Shrubby Wetland, Regenerating Cutblock, Cutblock, 
Anthropogenic 

black spruce Picea mariana 
c1, d2, d3, e2, e3, f1, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Regenerating Burn, 
Cutblock 

jack pine Pinus banksiana c1 

tamarack Larix laricina 
c1, d2, e1, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, Shrubby Wetland, Regenerating Burn, Regenerating 
Cutblock 

white birch Betula papyrifera 
c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, k1, k3, l1, Shrubby Wetland, Regenerating Burn, 
Regenerating Cutblock, Cutblock, Anthropogenic 

white spruce Picea glauca 
b3, d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, k2, k3, l1, Shrubby Wetland, Meadow, Regenerating 
Cutblock, Cutblock, Anthropogenic 

SHRUBS 
Alaska birch Betula neoalaskana d1, e2, e3, f2, f3, g1, h1, j1, k2, Shrubby Wetland, Regenerating Cutblock 
alder-leaved buckthorn Rhamnus alnifolia f3, h1, k1 

aspen Populus tremuloides 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, Regenerating Burn, Regenerating Cutblock, 
Cutblock 

autumn willow Salix serissima c1, g1, h1, j1, k1, k2, k3, Shrubby Wetland, Regenerating Burn, Cutblock 
balsam fir Abies balsamea b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, Regenerating Cutblock 

balsam poplar Populus balsamifera 
d1, d2, e1, e2, e3, f1, f2, f3, h1, Shrubby Wetland, Regenerating Cutblock, Cutblock, 
Anthropogenic 

balsam willow Salix pyrifolia f3, h1, j1, l1, Regenerating Burn, Regenerating Cutblock, Cutblock 
basket willow Salix petiolaris e1, j1, k1 
beaked hazelnut Corylus cornuta e3 

beaked willow Salix bebbiana 
d1, e2, l1, Shrubby Wetland, Regenerating Burn, Regenerating Cutblock, Cutblock, 
Anthropogenic 

black spruce Picea mariana 
c1, d2, d3, e2, e3, f1, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Regenerating Burn, 
Cutblock 

bog birch Betula glandulosa j1, j2, k1, k2, k3 
bog willow Salix pedicellaris j1, k1 
bracted honeysuckle Lonicera involucrata c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, Shrubby Wetland, Regenerating Cutblock, Cutblock 
bristly black currant Ribes lacustre d1, d2, d3, e2, f2, Shrubby Wetland, Cutblock 
common Labrador tea Ledum groenlandicum b3, c1, d1, d2, d3, e2, f1, f3, g1, h1, i1, i2, j1, j2, k1, Regenerating Burn, Cutblock 
common wild rose Rosa woodsii c1, d1, e3, f2, g1 
currant species Ribes sp. e1, g1, Shrubby Wetland 
dwarf birch Betula pumila j1, j2, k1, Shrubby Wetland 
false mountain willow Salix pseudomonticola g1, h1, Regenerating Burn, Anthropogenic 
flat-leaved willow Salix planifolia g1, j1, j2, l1, Cutblock 
fly honeysuckle Lonicera caerulea h1, Regenerating Burn 
green alder Alnus viridis ssp. crispa c1, d2, e3, Regenerating Cutblock 
hoary willow Salix candida j1 
jack pine Pinus banksiana c1 
leatherleaf Chamaedaphne calyculata i1, i2, j1, k1, k3 
lodgepole pine Pinus contorta g1 
low-bush cranberry Viburnum edule b3, d1, d2, d3, e1, e2, e3, f3, Regenerating Burn, Regenerating Cutblock 
myrtle-leaved willow Salix myrtillifolia c1 
northern black currant Ribes hudsonianum e2, f3, h1, j1, Shrubby Wetland 
northern gooseberry Ribes oxyacanthoides d1, d2, e1, e2, e3, f1, f2, f3, l1, Shrubby Wetland, Meadow, Regenerating Cutblock, Cutblock 

prickly rose Rosa acicularis 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f3, h1, j1, Shrubby Wetland, Regenerating Burn, Regenerating 
Cutblock, Cutblock 

pussy willow Salix discolor Transect 
red-osier dogwood Cornus stolonifera d1, e1, e2, e3, f1, f3, h1, Shrubby Wetland, Regenerating Cutblock, Cutblock 

river alder Alnus incana ssp. tenuifolia 
b3, c1, d1, d2, e1, e2, e3, f1, f2, f3, g1, h1, j1, k1, k2, k3, l1, Shrubby Wetland, Regenerating 
Burn, Regenerating Cutblock, Cutblock 

saskatoon Amelanchier alnifolia Regenerating Cutblock 
Scouler's willow Salix scouleriana d1, e2, e3, j1, l1, Shrubby Wetland, Meadow 
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Common Name Scientific Name Ecological Land Classification 
shining willow Salix lucida k1 
shrubby willow Salix arbusculoides f3, j1 
skunk currant Ribes glandulosum d2, f1, f3, j1, Regenerating Cutblock, Cutblock 
smooth willow Salix glauca k3 
snowberry Symphoricarpos albus d1, Regenerating Cutblock 
sweet gale Myrica gale Transect 
tall bilberry Vaccinium membranaceum c1 

tamarack Larix laricina 
c1, d2, e1, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, Shrubby Wetland, Regenerating Burn, Regenerating 
Cutblock 

thimbleberry Rubus parviflorus e3, h1 
twining honeysuckle Lonicera dioica d2 
velvet-fruited willow Salix maccalliana Shrubby Wetland, Cutblock 
water birch Betula occidentalis k3, Anthropogenic 

white birch Betula papyrifera 
c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, k1, k3, l1, Shrubby Wetland, Regenerating Burn, 
Regenerating Cutblock, Cutblock, Anthropogenic 

white meadowsweet Spiraea betulifolia d1 

white spruce Picea glauca 
b3, d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, k2, k3, l1, Shrubby Wetland, Meadow, Regenerating 
Cutblock, Cutblock, Anthropogenic 

wild black currant Ribes americanum e3, j1, Shrubby Wetland 
wild red currant Ribes triste d1, d2, e1, e2, e3, f1, f2, f3, h1, j1, Regenerating Cutblock, Cutblock 

wild red raspberry Rubus idaeus 
c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, l1, Shrubby Wetland, Meadow, Regenerating Cutblock, 
Cutblock, Anthropogenic 

willow species Salix sp. 
d1, d2, e1, e2, e3, f1, f3, g1, h1, i1, j1, k1, l1, Shrubby Wetland, Regenerating Cutblock, 
Anthropogenic 

yellow willow Salix lutea e1 
FORBS, DWARF SHRUBS 

American brooklime Veronica americana h1 
American dragonhead Dracocephalum parviflorum Transect 
Arctic starflower Trientalis europaea e2, e3 

arrow-leaved coltsfoot 
Petasites frigidus var. 
sagittatus e2, f3, h1, j1, l1, Shrubby Wetland, Cutblock 

aster species Aster sp. d2, e3 
balsam groundsel Senecio pauperculus Transect 
Bicknell's geranium Geranium bicknellii Cutblock 
bishop's-cap Mitella nuda d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, k1, Shrubby Wetland, Regenerating Cutblock, Cutblock 
bitter cress Cardamine pensylvanica f1, Regenerating Cutblock, Cutblock 
blueberry species Vaccinium sp. Transect 
blunt-leaved sandwort Moehringia lateriflora d2, e1 
bog adder's-mouth Malaxis paludosa j1 

bog cranberry Vaccinium vitis-idaea 
b3, c1, d1, d2, d3, e1, e2, f1, f3, g1, h1, i1, i2, j1, j2, k1, k3, Regenerating Burn, Regenerating 
Cutblock, Cutblock 

bog rosemary Andromeda polifolia i1, i2, j1, j2, k1, k2, k3 
bog violet Viola nephrophylla d2, e1, 
bristly buttercup Ranunculus pensylvanicus Transect 
buck-bean Menyanthes trifoliata h1, k1, k2, k3 
bulb-bearing water-
hemlock Cicuta bulbifera Transect 

bunchberry Cornus canadensis 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, k1, k3, Regenerating Burn, Regenerating 
Cutblock, Cutblock 

bur-reed Sparganium glomeratum Transect 
buttercup species Ranunculus sp. l1, Shrubby Wetland 
Canada anemone Anemone canadensis Transect 
Canada goldenrod Solidago canadensis d1, d2, f1, j1, Shrubby Wetland, Meadow, Cutblock 
celery-leaved buttercup Ranunculus sceleratus Transect 
chickweed species Cerastium sp. e3 
clasping-leaf pondweed Potamogeton richardsonii Transect 
clasping-leaved twisted-
stalk Streptopus amplexifolius e3 
cloudberry Rubus chamaemorus f3, g1, h1, i1, i2, j1, j2, k1, k3, Regenerating Burn 
columbine species Aquilegia sp. e3 
common bearberry Arctostaphylos uva-ursi c1 
common blueberry Vaccinium myrtilloides b3, c1, d1, d2, d3, f3, g1, h1, i1, i2 
common cattail Typha latifolia l1, Shrubby Wetland, Cutblock  
common duckweed Lemna minor l1, Regenerating Cutblock 
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Common Name Scientific Name Ecological Land Classification 
common fireweed Epilobium angustifolium b3, c1, d1, f1, h1, Regenerating Cutblock, Cutblock 

common horsetail Equisetum arvense 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, k1, Shrubby Wetland, Regenerating Cutblock, 
Cutblock, Anthropogenic 

common mare's-tail Hippuris vulgaris Transect 
common nettle Urtica dioica e1, e2, e3, f1, f2, k1, l1, Shrubby Wetland, Meadow, Regenerating Cutblock 
common pink wintergreen Pyrola asarifolia c1, d1, d2, e2, j1, k1, Regenerating Cutblock 
common scouring-rush Equisetum hyemale j2, k1, k2 
common yarrow Achillea millefolium c1, d1, d2, Regenerating Cutblock, Cutblock, Anthropogenic 
coralroot species Corallorhiza sp. j1 
cow parsnip Heracleum lanatum e1, f1, k3, Shrubby Wetland, Meadow 
cream-colored vetchling Lathyrus ochroleucus b3, c1, d2, d3, e2, f3, Regenerating Cutblock, Anthropogenic 
creeping snowberry Gaultheria hispidula d2, d3, g1, h1, j1 
cress species Cardamine sp. k2 
crowberry Empetrum nigrum d2 
cut-leaved ragwort Senecio eremophilus Transect 

dewberry Rubus pubescens 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, Shrubby Wetland, Regenerating Burn, 
Regenerating Cutblock, Cutblock, Anthropogenic 

drooping wood-reed Cinna latifolia d2, e2, e3, g1, Shrubby Wetland 
dwarf bilberry Vaccinium caespitosum Transect 
dwarf bramble Rubus pedatus Transect 
dwarf raspberry Rubus arcticus e2, f1, f3, h1, j1, k1, k3, Shrubby Wetland, Regenerating Burn, Cutblock 
dwarf scouring-rush Equisetum scirpoides h1, j1 
early blue violet Viola adunca d1 
elephant's-head Pedicularis groenlandica Transect 
eyebright Euphrasia arctica  Transect 
fairybells Disporum trachycarpum g1 
felwort Gentianella amarella Regenerating Cutblock 
flat-leaved bladderwort Utricularia intermedia Transect 
fleshy stitchwort Stellaria crassifolia h1 
fragile bladder fern Cystopteris fragilis Cutblock 
golden corydalis Corydalis aurea Transect 
golden saxifrage Chrysosplenium iowense f1, f3, j1, Shrubby Wetland 
goldthread Coptis trifolia d2, e2, g1 
green saxifrage Chrysosplenium tetrandrum f1, h1, Shrubby Wetland 
greenish-flowered 
wintergreen Pyrola chlorantha d2, e2 
ground-cedar Diphasiastrum complanatum Transect 
ground-pine Lycopodium obscurum d1 
hairy speedwell Veronica peregrina Transect 
hairy wild rye Leymus innovatus d2 
heart-leaved buttercup Ranunculus cardiophyllus Transect 
heart-leaved twayblade Listera cordata f3, g1, i1, j1, k1 
hooded ladies'-tresses Spiranthes romanzoffiana Transect 
hornwort Ceratophyllum demersum Transect 
horsetail species Equisetum sp. e1, j1 
ivy-leaved duckweed Lemna trisulca Transect 
jewelweed species Impatiens sp. e2, e3, f1, f3, k2, Shrubby Wetland 
kidney-leaved violet Viola renifolia d1, d2, d3, e3, f3 
kneeling angelica Angelica genuflexa Transect 
Labrador bedstraw Galium labradoricum f3, h1, j1, k3, Shrubby Wetland 
lady fern Athyrium filix-femina d2, e2, e3, f1, h1, k3, Shrubby Wetland 
Lapland buttercup Ranunculus lapponicus f3, g1, h1, j1, Regenerating Burn 
large bog cranberry Oxycoccus quadripetalus i2, j1, k1, k2, k3 
large-leaved white water 
crowfoot Ranunculus aquatilis l1 
large-leaved yellow avens Geum macrophyllum e1, e2, f2, Shrubby Wetland, Regenerating Cutblock, Cutblock 
leafy arnica Arnica chamissonis Transect 
lesser rattlesnake plantain Goodyera repens d2, d3, e2 
lesser wintergreen Pyrola minor Transect 
Lindley's aster Aster ciliolatus d1, d2, d3, e1, e2, e3, f3, Regenerating Cutblock, Cutblock 
long-leaved chickweed Stellaria longifolia e2, f1, f3, h1, j1, k1, k3, Shrubby Wetland 
long-stalked chickweed Stellaria longipes d2, e2, f3, h1, j1, k1, Cutblock 
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long-stalked mouse-ear 
chickweed Cerastium nutans k1 
many-flowered yarrow Achillea sibirica Cutblock 
marsh cinquefoil Potentilla palustris f1, f3, h1, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Cutblock, Anthropogenic 
marsh cudweed Gnaphalium palustre Transect 
marsh hedge-nettle Stachys palustris e3, Meadow 
marsh ragwort Senecio congestus Transect 
marsh skullcap Scutellaria galericulata e1, e2, f1, f3, h1, k1, l1, Shrubby Wetland 
marsh violet Viola palustris Transect 
marsh willowherb Epilobium palustre h1, j1, k1 
marsh yellow cress Rorippa palustris Transect 
marsh-marigold Caltha palustris e1, e3, f1, f3, h1, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Regenerating Burn 
meadow horsetail Equisetum pratense e1, e2, f3, g1, j1, Regenerating Cutblock, Cutblock 
moschatel Adoxa moschatellina Transect 
narrow spinulose shield 
fern Dryopteris carthusiana d2, d3, e1, e2, e3, f1, f2, f3, h1, Shrubby Wetland, Regenerating Cutblock, Cutblock 
narrow-leaved bur-reed Sparganium angustifolium Transect 
narrow-leaved collomia Collomia linearis Transect 
narrow-leaved dock Rumex triangulivalvis Transect 
narrow-leaved hawkweed Hieracium umbellatum Transect 
narrow-leaved water-
hemlock Cicuta virosa k2, Cutblock 
narrow-leaved willowherb Epilobium leptophyllum j1, k1 
nodding beggarticks Bidens cernua l1 
northern bastard toadflax Geocaulon lividum b3, c1, d2, g1, h1, i1, j1 
northern bedstraw Galium boreale d1, d2, d3, e2, e3, f1, f2, f3, Meadow, Regenerating Cutblock, Cutblock 
northern beech fern Phegopteris connectilis Transect 
northern grass-of-
parnassus Parnassia palustris Transect 
northern green bog orchid Platanthera hyperborea f3, h1, j1, k1 
northern laurel Kalmia polifolia i2, j1 
northern starflower Trientalis borealis b3, d1, d2, d3, e1, e2, e3, f3, h1, k1, k3, Regenerating Cutblock, Cutblock 
northern stitchwort Stellaria calycantha e3, h1, j1, Shrubby Wetland 
northern water-horehound Lycopus uniflorus Transect 
northern willowherb Epilobium ciliatum e1, e2, f1, f3, g1, h1, j1, k1, k3, Shrubby Wetland, Cutblock 
oak fern Gymnocarpium dryopteris d1, d2, d3, e1, e2, e3, f3, g1, h1, j1, Shrubby Wetland, Cutblock 
one-flowered wintergreen Moneses uniflora d1, d2, d3, e2, e3, f3, j1 
one-sided wintergreen Orthilia secunda d2, d3, e3, f3, h1, j1, Regenerating Burn 
ostrich fern Matteuccia struthiopteris Transect 
pale coralroot Corallorhiza trifida d2, j1 

palmate-leaved coltsfoot 
Petasites frigidus var. 
palmatus b3, c1, d1, d2, d3, e1, e2, e3, f2, f3, g1, h1, Regenerating Cutblock, Cutblock 

pink corydalis Corydalis sempervirens Transect 
purple avens Geum rivale e3, Regenerating Cutblock 
purple-stemmed aster Aster puniceus e1, e2, f1, f3, h1, j1, k1, k2, l1, Shrubby Wetland, Meadow, Regenerating Cutblock, Cutblock 
rayless ragwort Senecio indecorus Transect 
red and white baneberry Actaea rubra d1, d2, e1, e2, e3, f1 
rough cinquefoil Potentilla norvegica f1, f2, g1, l1, Cutblock 
round-leaved bog orchid Platanthera orbiculata d2, e2 
round-leaved orchid Amerorchis rotundifolia j1 
round-leaved sundew Drosera rotundifolia i1, i2, j1, k1, Regenerating Burn 
running club-moss Lycopodium clavatum Transect 
saxifrage species Chrysosplenium sp. Shrubby Wetland 
scapose hawk's-beard Crepis runcinata Transect 
scheuchzeria Scheuchzeria palustris k3 
Scouler's allocarya Plagiobothrys scouleri Transect 
seaside arrow-grass Triglochin maritima k1 
seaside buttercup Ranunculus cymbalaria Transect 
shield fern species Dryopteris sp. c1, e1, f1 
showy aster Eurybia conspicua e1, e2 
slender arrow-grass Triglochin palustris Transect 
slender bur-reed Sparganium minimum Transect 
small bedstraw Galium trifidum e1, e2, e3, f3, h1, j1, k1, k2, k3, l1, Shrubby Wetland, Regenerating Cutblock 
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small bog cranberry Oxycoccus microcarpus g1, i1, i2, j1, j2, k1, k2, k3, Regenerating Burn 
small butterwort Pinguicula villosa Transect 
small enchanter's 
nightshade Circaea alpina d2, d3, e1, e2, e3, f1, f3, Shrubby Wetland, Cutblock 
small-flowered buttercup Ranunculus abortivus Transect 
smooth aster Aster laevis d1, d2, e3, f2, Anthropogenic 
spotted coralroot Corallorhiza maculata Transect 
spotted touch-me-not Impatiens capensis e2, e3, h1, k1, Cutblock 
spreading sweet cicely Osmorhiza depauperata Transect 
spurred gentian Halenia deflexa Transect 
star-flowered Solomon's-
seal Smilacina stellata e3, h1, i1, j1 
stiff club-moss Lycopodium annotinum b3, d1, d2, d3, e2, e3, f3, g1, h1, j1, Regenerating Cutblock 
stitchwort species Stellaria sp. j1, l1 
striate knotweed Polygonum erectum Transect 
swamp horsetail Equisetum fluviatile f3, h1, j1, k1, Shrubby Wetland, Anthropogenic 
swamp lousewort Pedicularis parviflora k1 
sweet coltsfoot Petasites frigidus var. frigidus g1 
sweet-cicely species Osmorhiza sp. d2 
sweet-scented bedstraw Galium triflorum c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, j1, Shrubby Wetland, Regenerating Cutblock, Cutblock 
tall blue lettuce Lactuca biennis Meadow 
tall Jacob's-ladder Polemonium acutiflorum Transect 
tall larkspur Delphinium glaucum e3, f1, Shrubby Wetland, Meadow 
tall lungwort Mertensia paniculata d1, d2, d3, e1, e2, e3, f1, f2, f3, Regenerating Cutblock, Cutblock 
three-leaved Solomon's-
seal Smilacina trifolia e2, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, Shrubby Wetland, Regenerating Burn, Cutblock 
three-toothed cinquefoil  Potentilla tridentata Transect 
tufted loosestrife Lysimachia thyrsiflora f3, h1, j1, k1, l1 

twinflower Linnaea borealis 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f3, h1, j1, k1, Regenerating Burn, Regenerating Cutblock, 
Cutblock 

various-leaved pondweed Potamogeton gramineus Transect 
veiny meadow rue Thalictrum venulosum d2, e1, e2, e3, Shrubby Wetland, Meadow 
Venus'-slipper Calypso bulbosa Transect 
vernal water-starwort Callitriche verna Transect 

vine-leaved coltsfoot 
Petasites frigidus var. x 
vitifolius Cutblock 

violet species Viola sp. 
d1, d2, d3, e1, e2, e3, f1, f2, f3, h1, k1, Shrubby Wetland, Regenerating Cutblock, Cutblock, 
Anthropogenic 

Virginia grape fern Botrychium virginianum e1 
water arum Calla palustris f3, h1, j1, k1, l1 
water parsnip Sium suave j1 
water smartweed Polygonum amphibium l1 
water-hemlock Cicuta maculata f1, f3, h1, k3, l1, Shrubby Wetland 
water-starwort species Callitriche sp. l1 
western Canada violet Viola canadensis d2, e1, e2 
western dock Rumex occidentalis k3, l1, Regenerating Cutblock, Cutblock 
western jewelweed Impatiens noli-tangere e1 
white wintergreen Pyrola elliptica Transect 
white-grained mountain 
rice grass Oryzopsis asperifolia c1 
wild lily-of-the-valley Maianthemum canadense b3, d1, d2, d3, e2, e3, f3, h1, Regenerating Cutblock 
wild mint Mentha arvensis Transect 
wild sarsaparilla Aralia nudicaulis b3, c1, d1, d2, d3, e1, e2, e3, h1, k3, Regenerating Cutblock 
wild strawberry Fragaria virginiana b3, c1, d1, d2, e3, f3, h1, Regenerating Burn, Regenerating Cutblock, Cutblock, Anthropogenic 
wild vetch Vicia americana c1, d1, d2, e3, f1, h1, Meadow, Regenerating Cutblock, Cutblock, Anthropogenic 
wild white geranium Geranium richardsonii Transect 
willowherb species Epilobium sp. Transect 
wintergreen species Pyrola sp. f3, h1, j1 

woodland horsetail Equisetum sylvaticum 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, i1, k3, l1, Shrubby Wetland, Meadow, 
Regenerating Burn, Regenerating Cutblock, Cutblock, Anthropogenic 

woodland strawberry Fragaria vesca d1, e3 
wormseed mustard Erysimum cheiranthoides Transect 
yellow avens Geum aleppicum e2, f3, l1, Shrubby Wetland, Cutblock 
yellow rattle Rhinanthus minor Cutblock, Anthropogenic 
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yellow water crowfoot Ranunculus gmelinii e2, f3, h1, j1, k1, l1, Cutblock 

GRASSES, SEDGES, RUSHES 
awl-fruited sedge Carex stipata k3 
awned sedge Carex atherodes k3 
beautiful sedge Carex concinna d2 
Bebb's sedge Carex bebbii l1 
big-head rush Juncus vaseyi Transect 

bluejoint Calamagrostis canadensis 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Meadow, 
Regenerating Burn, Regenerating Cutblock, Cutblock, Anthropogenic 

bog sedge Carex paupercula f3, h1, i1, j1, j2, k1, k3, Regenerating Burn 
bristle-stalked sedge Carex leptalea k1 
broad-fruited sedge Carex tenera j1 
brownish sedge Carex brunnescens Cutblock 
Canada wild rye Elymus canadensis Transect 
chestnut rush Juncus castaneus Transect 
close-sheathed cotton 
grass Eriophorum brachyantherum Transect 
common tall manna grass Glyceria grandis e2, e3, f3, h1, l1, Shrubby Wetland 
Crawford's sedge Carex crawfordii Transect 
creeping spike-rush Eleocharis palustris l1 
Dewey's sedge Carex deweyana e2, f3, i1, j1 
few-flowered sedge Carex pauciflora Transect 
fowl bluegrass Poa palustris Cutblock 
fowl manna grass Glyceria striata e3, g1, h1, j1 
fox sedge Carex vulpinoidea Transect 
fringed brome Bromus ciliatus d1 
golden sedge Carex aurea Transect 
hair-like sedge Carex capillaris h1, k1 
hairy wild rye Leymus innovatus d2 
hay sedge Carex siccata Cutblock 
inland bluegrass Poa interior Transect 
inland sedge Carex interior f2, j1, k1, Shrubby Wetland, Regenerating Burn 
Kentucky bluegrass Poa pratensis e1, Regenerating Cutblock, Cutblock 
long-styled rush Juncus longistylis Transect 
manna grass species Glyceria sp. e3 
mud sedge Carex limosa f3, j1, j2, k1, k2, k3 
narrowleaf cotton-grass Eriophorum angustifolium j1, k1 
nodding brome Bromus anomalus Cutblock 
northern bog sedge Carex gynocrates h1, i1, j1, k2 
Norway sedge Carex norvegica Cutblock 
prairie bulrush Scirpus paludosus Transect 
purple oat grass Schizachne purpurascens d1, d2 
reed grass species Calamagrostis sp. e3 
rough hair grass Agrostis scabra l1, Anthropogenic 
rush species Juncus sp. Anthropogenic 
russett cotton grass Eriophorum chamissonis k2, k3 
rye-grass sedge Carex loliacea Transect 
Sartwell's sedge Carex sartwellii Transect 
sedge Carex canescens f3, g1, h1, i1, j1, k1, Cutblock, Anthropogenic 
sedge species Carex sp. c1, e2, e3, f3, h1, i1, j1, j2, k1, Regenerating Cutblock 
sheathed cotton grass Eriophorum vaginatum i1, i2, j1, k1, k2, k3 
sheathed sedge Carex vaginata Transect 
short-awned foxtail Alopecurus aequalis l1 
silvery-flowered sedge Carex aenea Transect 
slender cotton grass Eriophorum gracile k2 

slender wheatgrass 
Elymus trachycaulus ssp. 
subsecundus Transect 

slender wheatgrass 
Elymus trachycaulus ssp. 
trachycaulus e2 

slough grass Beckmannia syzigachne e3, l1 
small bottle sedge Carex utriculata e2, j1, k3, l1 
small-flowered wood-rush Luzula parviflora Transect 
small-fruited bulrush Scirpus microcarpus l1, Regenerating Cutblock, Anthropogenic 
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sweet grass Hierochloe hirta ssp. arctica Transect 
thin-flowered sedge Carex tenuiflora f3, h1, j1, k1 
thin-leaved cotton grass Eriophorum viridi-carinatum k1 
three-seeded sedge Carex trisperma g1, h1, i1, j1, k1 
toad rush Juncus bufonius Transect 
tufted hair grass Deschampsia cespitosa Anthropogenic 

two-seeded sedge Carex disperma 
d2, e1, e2, e3, f1, f3, g1, h1, j1, k1, Shrubby Wetland, Regenerating Burn, Regenerating 
Cutblock, Cutblock 

two-stamened sedge Carex diandra h1, j1, k1, k3, l1 
water sedge Carex aquatilis f3, i1, j1, j2, k1, k2, k3, l1, Shrubby Wetland, Regenerating Burn, Anthropogenic 
white-grained mountain 
rice grass Oryzopsis asperifolia c1 
wire rush Juncus balticus Transect 

MOSSES, LICHENS, LIVERWORTS 
abraded camouflage 
lichen Melanelixia subaurifera f3, Shrubby Wetland 
acute-leaved peat moss Sphagnum capillifolium i1, i2 
alternating dog-lichen Peltigera polydactyla d1, e3, h1 
Anastrophyllum liverwort Anastrophyllum helleranum d3, e2, e3, f3, h1, j1 
antlered powderhorn Cladonia subulata c1 
Atrichum moss Atrichum selwynii e3 
Aulacomnium moss 
species Aulacomnium sp. e2, h1, k1 
awned hair-cap Polytrichum piliferum d2, Regenerating Cutblock 
beard lichen Usnea chaetophora j1 
beard lichen Usnea substerilis e2 
bearded jellyskin Leptogium saturninum d3 
bighorn cladonia Cladonia cornuta d1, g1, j1 
Blasia liverwort Blasia pusilla e3 
Blepharostoma liverwort Blepharostoma trichophyllum e2, e3, f3, g1, j1 
blue-gray rosette lichen Physcia caesia d2, e3 
boreal pixie-cup Cladonia borealis c1, g1, Regenerating Cutblock 
bottlebrush frost lichen Physconia detersa Shrubby Wetland 
Brachythecium moss Brachythecium salebrosum d1, d3, e2, h1, Shrubby Wetland 
Brachythecium species Brachythecium sp. d1, d2, d3, e2, h1, k1, Shrubby Wetland 
bristly beard lichen Usnea hirta e2, f1, h1, i2, j1, Shrubby Wetland 
British soliders Cladonia cristatella Cutblock 
broom moss Dicranum scoparium d2, f3 
brown moss Drepanocladus aduncus k1 
brown moss Sanionia uncinata d2, d3, e2, e3, f3, g1, Regenerating Cutblock 
Bryoria moss species Bryoria sp. i1, j1, k1 
Bryum moss Bryum argenteum b3 
Bryum species Bryum sp. e3, i1 
Calicium lichen Calicium adaequatum e2, e3, h1, j1, k1, Shrubby Wetland 
Calicium lichen Calicium salicinum d1 
Calliergon moss Calliergon cordifolium Transect 
Calliergon moss Calliergon giganteum e2, h1, j1, k1, k2, k3, Shrubby Wetland, Cutblock 
Calliergon moss Calliergon stramineum e2, e3, f2, j1 
Calliergon moss species Calliergon sp. e2, f2, f3, g1, h1, j1, Shrubby Wetland 
Calypogeia liverwort Calypogeia neesiana g1, i1 
Calypogeia liverwort Calypogeia suecica h1 
candy lichen Icmadophila ericetorum g1, i1 
Cephalozia liverwort Cephalozia lunulifolia d3, e2, g1, h1 
Cephalozia liverwort 
species Cephalozia sp. d1, h1, i1 
Chaenotheca lichen Chaenotheca laevigata d3 
chalky ramalina Ramalina pollinaria e2 
chestnut wrinkle-lichen Tuckermannopsis sepincola i1 
Cladonia lichen Cladonia acuminata i1 
Cladonia lichen Cladonia bacilliformis i1 
Cladonia lichen Cladonia botrytes c1, i1, j1, Regenerating Cutblock, Cutblock, Anthropogenic 
Cladonia lichen Cladonia carneola d2 
Cladonia lichen Cladonia cenotea f1, h1, i1, j1, k1 
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Cladonia lichen Cladonia chlorophaea d1, d2, e3, f2, g1, h1, i1 
Cladonia lichen Cladonia coniocraea c1, d1, d2, d3, e2, e3, f2, h1, i1, j1, k1, Shrubby Wetland, Anthropogenic 
Cladonia lichen Cladonia deformis g1, i1 
Cladonia lichen Cladonia merochlorophaea f1, f3, i1 
Cladonia lichen Cladonia phyllophora d1, d2, f3 
Cladonia lichen Cladonia stygia g1, i1 
Cladonia lichen species Cladonia sp. c1, d1, d2, d3, e1, e3, f1, Regenerating Cutblock, Cutblock 
common hair-cap Polytrichum commune d1, d2, e3, f2, h1, Cutblock 
concentric pelt lichen Peltigera elisabethae d3, e3 
copper wire moss Pohlia nutans d1, d2, e2, e3, f3, g1, h1, j1, k1, Regenerating Cutblock, Anthropogenic 
cushion moss Dicranum acutifolium e3 
cushion moss Dicranum fragilifolium f3 
Dicranum moss species Dicranum sp. c1, d1, d2, d3, e1, e2, e3, f3, h1, j1, Shrubby Wetland 
dog lichen Peltigera canina c1, d1, d3, e2, e3, f3 
dot lichen Biatora vernalis e2 
Drepanocladus moss 
species Drepanocladus sp. g1, h1, j1, Shrubby Wetland, Regenerating Cutblock 
Eurhynchium moss Eurhynchium pulchellum e2 
Evernia lichen Evernia mesomorpha d1, d2, e2, f1, f3, h1, i1, j1, j2, k1, k2 
finger pixie-cup Cladonia digitata f3 
fishbone beard lichen Usnea filipendula d2, i1 
flagon-fruited splachnum Splachnum ampullaceum j1 
fringed kidney lichen Nephroma helveticum e3 
fringed wrinkle lichen Tuckermannopsis americana e2, f3, h1, i1, k1 
frosted cladonia Cladonia ecmocyna c1, d2, e2, e3, h1, i1, j1 
fuscous moss Dicranum fuscescens d3, e2, f3 
Girgensohn's moss Sphagnum girgensohnii e3, g1, h1, j1 
golden moss Tomentypnum nitens j1, k1, k3 
green starburst lichen Parmeliopsis ambigua h1, i1, k1 
grey starburst lichen Parmeliopsis hyperopta i1, k1 
hammered shield lichen Parmelia sulcata c1, d1, d2, d3, e2, e3, f1, f3, h1, i1, j1, k1, Shrubby Wetland, Regenerating Cutblock 
Helodium moss Helodium blandowii e2, f3, j1, k1 
hooded ramalina Ramalina obtusata d1 
hooded tube lichen Hypogymnia physodes d1, d2, e2, f3, h1, i1, j1, k1 
Hypnum moss Hypnum lindbergii e3 
Jamesoniella liverwort Jamesoniella autumnalis d1, d3, e2, e3, f1, h1, j1 
jellyskin Leptogium teretiusculum b3, e2 
juniper hair-cap Polytrichum juniperinum b3, c1, d1, e2, h1, Anthropogenic 
knight's plume moss Ptilium crista-castrensis c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, i1, j1, k1, Shrubby Wetland, Regenerating Cutblock 
Lepidozia liverwort Lepidozia reptans e2, f1, f3, g1, i1, j1 
Leptobryum moss Leptobryum pyriforme e2, h1 
Lichenomphalia lichen Lichenomphalia umbellifera e2, h1 
little tree moss Climacium dendroides e1, e2, f3, h1, j1, Shrubby Wetland 
Lobaria lichen Lobaria linita Transect 
long forked moss Dicranum elongatum h1 
Lophocolea liverwort Lophocolea heterophylla d1, d3, e2, e3, f3, h1, j1, Shrubby Wetland 
Lophozia liverwort Lophozia ventricosa d2, d3, e3, f3, i1, j1 
lustrous beard lichen Usnea glabrata d2, e2, h1, i1, j1, j2, k1, k2, Shrubby Wetland 
lustrous camouflage 
lichen Melanohalea exasperatula Shrubby Wetland 
many-spored camoflage 
lichen Melanohalea multispora e3, h1 
Marchantia liverwort Marchantia polymorpha e1, e2, f1, h1, j1, k3, Shrubby Wetland, Regenerating Cutblock 
mealy forked cladonia Cladonia scabriuscula d3, e2 
mealy shadow lichen Phaeophyscia orbicularis Shrubby Wetland 
Melanelia lichen species Melanelia sp. Shrubby Wetland 
midway peat moss Sphagnum magellanicum f3, h1, i1, i2, j1, j2, k1, k2, k3 
Mnium moss Mnium spinulosum d2, e2 
Mnium moss Mnium thomsonii f3 
Mnium moss species Mnium sp. d2, e1, e2, e3, h1, k1 
mountain curved-back 
moss Oncophorus wahlenbergii b3, d1, d3, e2, e3, h1 
Mylia liverwort Mylia anomala e2, i1, i2 
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naked kidney lichen Nephroma bellum d1, d3, e3, h1 
nit beard lichen Usnea subfloridana f3 
northern camouflage 
lichen Melanohalea septentrionalis h1, j1, Shrubby Wetland 
old man's beard Bryoria furcellata i2 
old man's beard Bryoria lanestris d2, h1, i1, j1, k1 
organ-pipe lichen Cladonia crispata e3, Regenerating Cutblock 
Orthotrichum moss  Orthotrichum obtusifolium d2, e2 
Orthotrichum moss  Orthotrichum speciosum h1, Shrubby Wetland 
Orthotrichum moss 
species Orthotrichum sp. d3 
peat moss Sphagnum angustifolium e2, f3, g1, h1, i1, i2, j1, j2, k2, k3, Regenerating Burn, Cutblock 
peat moss Sphagnum centrale j1 
peat moss Sphagnum warnstorfii e2, f2, f3, h1, j1, k1 
peat moss Sphagnum wulfianum i1, j1 
peat moss species Sphagnum sp. c1, e1, e2, e3, f1, f3, g1, h1, i1, i2, j1, j2, k1, k2, k3, Regenerating Burn, Anthropogenic 
pebbled pixie-cup Cladonia pyxidata d2, e3 
peg lichen Cladonia subcariosa e3 
Pellia liverwort Pellia neesiana e3 
Peltigera lichen Peltigera collina e3 
Peltigera lichen Peltigera didactyla d2, e2 
Peltigera lichen Peltigera lepidophora d1, e3, Shrubby Wetland 
Peltigera lichen Peltigera leucophlebia Regenerating Burn 
Peltigera lichen Peltigera membranacea e3 
Peltigera lichen Peltigera neopolydactyla d2, e3, Regenerating Cutblock 
Peltigera lichen Peltigera rufescens e3 
Peltigera lichen species Peltigera sp. c1, d1, d2, e1, e2, e3, f3, Regenerating Cutblock 
pepper-spore lichen Rinodina freyi e2, e3, h1, j1, k1 
pimpled kidney lichen Nephroma resupinatum d2, d3, h1 
pitted beard lichen Usnea cavernosa e2 
Plagiochila liverwort Plagiochila asplenioides e2, f3, h1, j1 
Plagiomnium moss Plagiomnium ciliare e3 
Plagiomnium moss Plagiomnium cuspidatum d1, d2, d3, e2, h1, j1, Shrubby Wetland 
Plagiomnium moss Plagiomnium drummondii d1, d2, e2 
Plagiomnium moss Plagiomnium medium e3 
Plagiomnium moss 
species Plagiomnium sp. d2, e2, e3, f3, h1, k1, k2, k3, Shrubby Wetland 
Plagiothecium moss Plagiothecium denticulatum e2 
Plagiothecium moss Plagiothecium laetum e2, e3, f1, g1, k1 
Platismatia lichen Platismatia glauca d2 
Platygyrium moss Platygyrium repens Transect 
Pohlia moss Pohlia cruda e3 
Pohlia moss Pohlia sphagnicola e2, e3, f3, h1, i1, j1, k1, Regenerating Burn, Cutblock 
Pohlia moss species Pohlia sp. e2, i1 
Polytrichum moss species Polytrichum sp. c1, d3, e2, e3, f1, h1 
powdered fringed lichen Heterodermia speciosa d1, d2, e2, Shrubby Wetland 
powder-headed tube 
lichen Hypogymnia tubulosa e3 
Ptilidium liverwort Ptilidium ciliare c1, d3, e2, h1 
Ptilidium liverwort Ptilidium pulcherrimum c1, d2, d3, e2, e3, f3, g1, h1, i1, j1, Shrubby Wetland 
punctured ramalina Ramalina dilacerata e2, e3, h1, k1 
purple horn-toothed moss Ceratodon purpureus b3, d2, e2, e3, h1 
red collar moss Splachnum rubrum Transect 
reindeer lichen Cladina mitis c1, d1, f1, f3, g1, h1, i1, i2, j1, k1, Regenerating Burn, Regenerating Cutblock 
reindeer lichen Cladina rangiferina c1, d3, f3, g1, h1, i1, i2, j1 
reindeer lichen Cladonia mitis c1, d2, e3, f1, f3, g1, h1, i1, i2, k1 
Rhizomnium moss Rhizomnium gracile j1 

Rhizomnium moss 
Rhizomnium 
pseudopunctatum e2, f3, j1 

Rhizomnium moss 
species Rhizomnium sp. d1, e3, f3, j1, Shrubby Wetland 
Riccardia liverwort Riccardia palmata d2, e2, f3, h1, j1 
Riccardia liverwort 
species Riccardia sp. e2 
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Common Name Scientific Name Ecological Land Classification 
rock ramalina Ramalina intermedia d2, h1 
rusty peat moss Sphagnum fuscum g1, h1, i1, i2, j1, j2, k1, k3, Regenerating Burn 
salted starburst lichen Imshaugia aleurites h1, i1 
scaly pelt lichen Peltigera praetextata c1, d3, h1, Cutblock 
Scapania liverwort Scapania apiculata d3 
Scapania liverwort Scapania glaucocephala b3, d1, d2, d3, e2 
Scapania liverwort Scapania irrigua j1 

Schreber's moss Pleurozium schreberi 
b3, c1, d1, d2, d3, e1, e2, e3, f1, f2, f3, g1, h1, i1, i2, j1, k1, Shrubby Wetland, Regenerating 
Burn, Regenerating Cutblock, Cutblock, Anthropogenic 

Sclerophora lichen Sclerophora amabilis d1 
Sclerophora lichen 
species Sclerophora sp. e2, k1 
shadow lichen Phaeophyscia ciliata d1 
shore-growing peat moss Sphagnum riparium i1, j2 
slender hair-cap Polytrichum strictum h1, j1, j2 
smooth cladonia Cladonia gracilis d1 

smooth cladonia 
Cladonia gracilis ssp. 
turbinata b3, d1, f1, i1, j1, k1 

snakeskin liverwort Conocephalum conicum e2, e3 
soot lichen Cyphelium tigillare k2 
speckled greenshield 
lichen Flavopunctelia flaventior k2 
speckled shield lichen Punctelia subrudecta k2 
Sphinctrina lichen Sphinctrina anglica f3 
Splachnum moss species Splachnum sp. j1, Shrubby Wetland 
squarrose peat moss Sphagnum squarrosum e2, f2, f3, g1, h1, i2, j1, j2, k1, Shrubby Wetland 
stair-step moss Hylocomium splendens b3, c1, d1, d2, d3, e1, e2, e3, f1, f3, g1, h1, i1, j1, Regenerating Cutblock 
star-tipped reindeer lichen Cladina stellaris c1, g1, i1 
star-tipped reindeer lichen Cladonia stellaris i1, j1 
Stenocybe lichen Stenocybe pullatula e2, h1, j1, k1, Shrubby Wetland  
stiff club-moss Lycopodium annotinum b3, d1, d2, d3, e2, e3, f3, g1, h1, j1, Regenerating Cutblock 
stocking moss Pylaisiella polyantha d1, d2, e2, f3, h1, Shrubby Wetland 
straw beard lichen Usnea scabrata g1, h1, j1, k1 
studded leather lichen Peltigera aphthosa c1, d2, e2, f1, f3, h1, Regenerating Cutblock 
sulphur stubble lichen Chaenotheca furfuracea Transect 
Tetraphis moss Tetraphis pellucida d1, e2, f1, f3, g1, h1, j1 
thin-leafed peat moss Sphagnum teres h1, j1, j2, k1 
Thuidium moss Thuidium recognitum e2, f3 
Thuidium moss species Thuidium sp. d1 
Tritomaria liverwort Tritomaria exsectiformis e2, e3, f3 
trumpet lichen Cladonia fimbriata b3, h1 

tufted moss Aulacomnium palustre 
c1, e2, f2, f3, g1, h1, i1, i2, j1, j2, k1, Shrubby Wetland, Regenerating Burn, Regenerating 
Cutblock 

Usnea species Usnea sp. c1, d2, d3, e3, h1, i1, j1, k1, Regenerating Cutblock 
Vulpicida lichen Vulpicida pinastri d2, e2, i1, i2, j1, k1, Regenerating Cutblock 
wand lichen Cladonia rei d2 
wavy dicranum Dicranum polysetum d1, h1, j1, Shrubby Wetland 
wavy dicranum Dicranum undulatum c1, e2, i1, i2, j1, k1 
whip fork moss Dicranum flagellare f1 
wide-tongued peat moss Sphagnum russowii h1, j1, j2 
wiry fern moss Abietinella abietina d1, d2, Regenerating Cutblock 
yellow collar moss Splachnum luteum Transect 

WEEDS, AGRONOMICS 
alsike clover Trifolium hybridum Transect 
annual hawk's-beard Crepis tectorum Transect 
awnless brome Bromus inermis Transect 
caraway Carum carvi Transect 
cleavers Galium aparine Transect 
clover species Trifolium sp. Regenerating Cutblock 
common chickweed Stellaria media d2 
common dandelion Taraxacum officinale e2, f2, Regenerating Cutblock, Cutblock 
common knotweed Polygonum arenastrum Transect 
common plantain Plantago major e3 
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Common Name Scientific Name Ecological Land Classification 
common tansy Tanacetum vulgare Transect 
common toadflax Linaria vulgaris Transect 
creeping thistle Cirsium arvense e1, Regenerating Cutblock, Cutblock 
curled dock Rumex crispus Transect 
hemp-nettle Galeopsis tetrahit d2, e1, e3, f2, Shrubby Wetland 
lady’s-thumb Polygonum persicaria Transect 
low cudweed Gnaphalium uliginosum Transect 
pineappleweed Matricaria matricarioides Transect 
red fescue Festuca rubra Anthropogenic 
sow-thistle species Sonchus sp. Transect 
timothy Phleum pratense Anthropogenic 
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ATTACHMENT 1A6 
 

ELC SITE CARDS 
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1. Index sheet 
2. b3 common blueberry Aw-Sw 
3. c1 Labrador tea-mesic Pj-Sb 
4. d1 low-bush cranberry Aw 
5. d2 low-bush cranberry Aw-Sw 
6. d3 low-bush cranberry Sw 
7. e1 dogwood Pb-Aw 
8. e2 dogwood Pb-Sw 
9. e3 dogwood Sw 
10. f1 horsetail Pb-Aw 
11. f2 horsetail Pb-Sw 
12. f3 horsetail Sw 
13. g1 Labrador tea-subhygric Sb-Pj 
14. h1 Labrador tea/horsetail Sw-Sb 
15. i1 treed bog 
16. i2 shrubby bog 
17. j1 treed poor fen 
18. j2 shrubby poor fen 
19. k1 treed rich fen 
20. k2 shrubby rich fen 
21. k3 graminoid rich fen 
22. l1 marsh 
23. Shrubby Wetland 
24. Meadow 
25. Regenerating Burn 
26. Regenerating Cutblock 
27. Cutblock 
28. Anthropogenic Disturbance 
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  INDEX SHEET 
ecosite phase code    name 
 

 
 

 
b3 blueberry Aw-Sw                              
  

Species Richness: (total number of plant species 
observed across all plots in ecosite phase) 

(total number of plots site characteristic was observed in)  

1 Each species within a layer at each plot was assigned a 
Daubenmire Cover Class (DCC). Each DCC has a median 
percent cover. This median percent cover was used to assign a 
prominence value for each species within a layer for each ecosite 
phase as described in the “Field Guide to Ecosites of Northern 
Alberta” (Beckingham and Archibald 1996). This median percent 
cover was also used to assign an average percent cover for each 
species (within a layer) for each ecosite phase. This average 
percent cover was then assigned the corresponding DCC and the 
percent cover range of the DCC is reported in this table.  
* Denotes plant species traditionally used as identified by the TEK 
participant during the TEK study. 
 

 
 
 
n=1        total number of plots designated as ecosite phase 
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Layer Species1 
Percent 
Cover1 

TR
EE

 

common name* of 
characteristic species with 
prominence value > 20 or 
observed in a minimum of 
70% of sample plots 

average 
range 

SH
RU

B common name* of 
characteristic species as 
above 

average 
range 

FO
RB

 common name* of 
characteristic species as 
above 

average 
range 

GR
AS

S common name* of 
characteristic species as 
above 

average 
range 

MO
SS

 

common name* of 
characteristic species as 
above 

average 
range 

SI
TE
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A
C
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R
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C
S 

Moisture Regime: mesic (1) 
 
Nutrient Regime: medium (1) 
 
Topographic Position: midslope (1) 
 
Slope: straight (1) 
 
Aspect: northerly (1) 
 
Structural Stage*: young forest (1) 
* Structural stages are based on the Field Manual for 
Describing Terrestrial Ecosystems (British Columbia 
Ministry of Environment, Lands, and Parks and 
British Columbia Ministry of Forests. 1998). 

DIRECTIONAL PHOTO ACROSS ECOSITE PHASE 

Plate 1 View across ecosite phase (Date). 

DIRECTIONAL PHOTO ACROSS ECOSITE PHASE 

Plate 2 View across ecosite phase (Date). 

PHOTO OF GROUND SURFACE IN ECOSITE 
PHASE 

Plate 3 View of ground in ecosite phase (Date). 
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b3 blueberry Aw-Sw    

Species Richness: 38 

 

n = 1 
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Layer Species 
Percent 
Cover 

TR
EE

 white spruce* 1-5 
aspen* 1-5 
balsam fir 0-1 

SH
RU

B 

common Labrador tea* 25-50 
common blueberry* 25-50 
low-bush cranberry* 1-5 
prickly rose 1-5 
river alder* 0-1 

FO
RB

 

bunchberry 5-25 
palmate-leaved coltsfoot 5-25 
bog cranberry 5-25 
twinflower 1-5 
common horsetail 1-5 
wild sarsaparilla 1-5 
common horsetail 1-5 
woodland horsetail 1-5 
wild strawberry 1-5 
wild lily-of-the-valley 1-5 
stiff club-moss 1-5 
common fireweed 1-5 
northern starflower 0-1 
dewberry 0-1 
northern bastard toadflax 0-1 

GR
AS

S 

bluejoint  
5-25 

MO
SS

 

Schreber's moss 5-25 

stair-step moss 1-5 
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Moisture Regime: mesic (1) 
 
Nutrient Regime: medium (1) 
 
Topographic Position: midslope (1) 
 
Slope: straight (1) 
 
Aspect: northerly (1) 
 
Structural Stage: young forest (1) 
 
 

 
Plate 1 View east across b3 ecosite phase (July 31, 2011). 

 
Plate 2 View south across b3 ecosite phase (July 31, 2011). 

 
Plate 3 View of ground in b3 ecosite phase (July 31, 2011). 
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c1 Labrador tea-mesic Pj-Sb  

Species Richness: 72 

 

n = 7 
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Layer Species 
Percent 
Cover 

TR
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 black spruce 5-25 

jack pine 5-25 

white birch* 1-5 

SH
RU

B common Labrador tea* 5-25 
black spruce 5-25 

common blueberry* 5-25 

FO
RB

 bunchberry 1-5 

twinflower 1-5 

bog cranberry 1-5 

MO
SS

 

knights plume 50-75 

Schreber’s moss 25-50 

Dicranum species 25-50 

stair-step moss 25-50 

LI
CH

EN
 

reindeer lichen 25-50 

star-tipped reindeer lichen 5-25 
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Moisture Regime: mesic (3) , submesic 
(3) , subxeric (1) 

 
Nutrient Regime: poor (7) 
 
Topographic Position:  level (3), upper 

(3), mid (1) 

 
Slope: straight (6), convex (1) 

 
Aspect: level (3), westerly (1), 

northerly (1), southerly (1), 
southeasterly (1) 

 
Structural Stage: mature forest (2), young 

forest (2), old forest (3) 

 

 
Plate 1 View east across c1 ecosite phase (July 30, 2011). 

 
Plate 2 View south across c1 ecosite phase (July 30, 2011). 

 
Plate 3 View of ground in c1 ecosite phase (July 31, 2011). 
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d1 low-bush cranberry Aw   
 

Species Richness: 107 

 

n = 14 
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Layer Species 
Percent
Cover 
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aspen* 25-50 

white spruce* 1-5 

SH
RU

B northern gooseberry* 1-5 

white spruce* 1-5 

FO
RB

 

wild sarsaparilla 5-25 
bunchberry 5-25 
woodland horsetail 5-25 
Lindley’s aster 5-25 
tall lungwort 5-25 
bishop’s-cap 5-25 
dewberry 5-25 
palmate-leaved coltsfoot 1-5 
northern bedstraw 1-5 
sweet-scented bedstraw 0-1 

GR
AS

S 

bluejoint 
5-25 

MO
SS

 Schreber’s moss 25-50 

stair-step moss 5-25 

knight’s plume moss 1-5 
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H

A
R

A
C
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C
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Moisture Regime: mesic (13), 
submesic (1) 

 
Nutrient Regime: medium (14) 
 
Topographic Position:  mid (10), level (4) 

 
Slope: straight (11), convex (3) 

 
Aspect: level (4), northwesterly (3), 

southwesterly (1),  northerly (2), 
southerly (2), westerly (1), easterly (1) 

 
Structural Stage:  young forest (11), 

pole/sapling (2), old forest (1) 

Plate 1 View east across d1 ecosite phase (July 29, 2011). 

 
Plate 2 View north across d1 ecosite phase (July 29, 2011). 

 
Plate 3 View of ground in d1 ecosite phase (July 29, 2011). 
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d2 low-bush cranberry Aw-Sw  
 

Species Richness: 134 

 

n = 22 
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Layer Species 
Percent 
Cover 
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 aspen* 25-50 
balsam poplar 5-25 
balsam fir 5-25 
white birch* 1-5 

SH
RU

B balsam fir 5-25 

prickly rose 5-25 

low-bush cranberry* 1-5 

FO
RB

 

wild sarsaparilla 5-25 

bunchberry 5-25 

bishop’s-cap 5-25 

dewberry 5-25 

twinflower 5-25 

tall lungwort 5-25 

GR
AS

S 

bluejoint  

5-25 

MO
SS

 Schreber’s moss 5-25 
knight’s plume moss 5-25 
stair-step moss 5-25 
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Moisture Regime: mesic (20), 
subhygric (2) 

 
Nutrient Regime:  medium (20), rich (2) 

 

Topographic Position:   mid (13),  
level (6), upper (2), lower (1) 

 
Slope: straight (19), convex (3) 

 
Aspect:  northwesterly (5), level (6), 

westerly (3),  easterly (3), northerly (1), 
southerly (2), southeasterly (1), 
southwesterly (1) 

 
Structural Stage:  young forest (8), old 

forest (8),  mature forest (4), 
pole/sapling (2) 

 
Plate 1 View west across d2 ecosite phase (July 30, 2011). 

 
Plate 2 View west across d2 ecosite phase (July 31, 2011). 

 
Plate 3 View of ground in d2 ecosite phase (July 30, 2011). 
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d3 low-bush cranberry Sw  
 

Species Richness: 79 

 

n = 10 
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Percent 
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 white spruce* 
5-25 

balsam fir 5-25 

aspen* 1-5 

SH
RU

B balsam fir 5-25 

white spruce* 1-5 

FO
RB

 

dewberry 5-25 

bunchberry 1-5 

twinflower 1-5 

bishop’s-cap 0-1 

MO
SS

 Schreber’s moss 5-25 

knight’s plume moss 5-25 

stair-step moss 5-25 

SI
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A
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C
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Moisture Regime: mesic (8), subhygric (2)
 

Nutrient Regime:  medium (7), poor (3) 
 

Topographic Position: level (5), 
upper (3), mid (2) 

 
Slope: straight (10) 

 
Aspect: level (5), northwesterly (2), 

northeasterly/southeasterly (1), 
southwesterly (1), westerly (1) 

 
Structural Stage: old forest (7), mature 

forest (3) 

 
Plate 1 View north across d3 ecosite phase (July 30, 2011). 

 
Plate 2 View west across d3 ecosite phase (July 30, 2011). 

 
Plate 3 View of ground in d3 ecosite phase (July 30, 2011). 
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e1 dogwood Pb-Aw   
 

Species Richness: 75 

 

n = 11 
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Layer Species 
Percent 
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white birch* 5-25 

aspen* 5-25 

SH
RU

B wild red currant 0-1 

wild red raspberry* 1-5 

northern gooseberry* 1-5 

FO
RB

 

common nettle 5-25 
bunchberry 1-5 
dewberry 1-5 
red and white baneberry 0-1 
purple-stemmed aster 0-1 
sweet-scented bedstraw 1-5 
narrow spinulose shield 
fern 0-1 

oak fern 0-1 

GR
AS

S 

bluejoint  5-25 

Kentucky bluegrass 5-25 

MO
SS

 

Schreber’s moss 
1-5 
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Moisture Regime: mesic (6), subhygric (5)
 

Nutrient Regime:  medium (8), rich (3) 
 

Topographic Position:  level (6),  mid (3), 
upper (1), lower (1) 

 
Slope: straight (9), convex (1), concave (1) 

 
Aspect:  level (6), north-westerly (3), 

southerly (1), north-northwesterly (1) 

 
Structural Stage:  young forest (5), old 

forest (3), pole/sapling (3) 

 
Plate 1 View west across e1 ecosite phase (August 2, 2011). 

 
Plate 2 View south across e1 ecosite phase (August 2, 2011). 

Plate 3 View of ground in e1 ecosite phase (July 30, 2011). 



BlackPearl Resources Inc.  Vegetation Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 1A 

 

 
   

Page 1A-106 
 
 

e2 dogwood Pb-Sw   
 

Species Richness: 170 

 

n = 17 
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 white birch* 25-50 
white spruce* 5-25 
aspen* 5-25 

SH
RU

B 

wild red raspberry* 1-5 
river alder* 1-5 
prickly rose 1-5 
bracted honeysuckle 1-5 
northern gooseberry* 0-1 

FO
RB

 

wild sarsaparilla 5-25 
dewberry 5-25 
bunchberry 1-5 
twinflower 1-5 
woodland horsetail 1-5 
narrow spinulose shield 
fern 1-5 

sweet-scented bedstraw 0-1 
bishop’s-cap 0-1 

GR
AS

S 

bluejoint  
25-50 

sedge species 5-25 

MO
SS

 Schreber’s moss 5-25 

stair-step moss 5-25 

knight’s plume moss 5-25 
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Moisture Regime: mesic (8), 
subhygric (8), subhygric (1) 

 

Nutrient Regime: rich (9), medium (8) 
 

Topographic Position:  level (8),  mid (6), 
upper (2), lower (1) 

 
Slope: straight (16), convex (1) 

 
Aspect: level (8),  southwesterly (3), north-

westerly (2), southerly (2), northerly (1), 
westerly-northwesterly (1) 

 
Structural Stage:  old forest (10), young 

forest (5), pole/sapling (2) 

 
Plate 1 View west across e2 ecosite phase (July 27, 2011). 

 
Plate 2 View north across e2 ecosite phase (August 2, 2011). 

 
Plate 3 View of ground in e2 ecosite phase (July 30, 2011). 
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e3 dogwood Sw    
 

Species Richness: 147 

 

n = 17 

 

 

  

C
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R
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C
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R
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C
 S
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C

IE
S 

Layer Species 
Percent 
Cover 

TR
EE

 white spruce* 5-25 
balsam fir 5-25 
white birch* 5-25 
Alaska birch 5-25 

SH
RU

B 

wild red currant* 5-25 
alder species* 5-25 
low-bush cranberry* 5-25 
northern gooseberry* 5-25 
bracted honeysuckle 5-25 
wild red raspberry* 5-25 
white spruce* 1-5 

FO
RB

 

northern stichwort 25-50 
small enchanter’s-
nightshade 5-25 

tall lungwort 5-25 
woodland horsetail 5-25 
dewberry 5-25 
bishop’s-cap 5-25 
wild sarsaparilla 5-25 
bunchberry 5-25 
veiny meadow rue 5-25 
palmate-leaved coltsfoot 5-25 
oak fern 5-25 

GR
AS

S 

bluejoint  25-50 

slough grass 50-75 

MO
SS

 Mnium species 25-50 
stair-step moss 5-25 
knight’s plume moss 5-25 
Schreber’s moss 5-25 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (13), 
mesic (4) 

Nutrient Regime: rich (10), medium (6), 
poor (1) 

 

Topographic Position: level (9),  
lower (3), toe (2), mid (2), upper (1) 

 
Slope: straight (13), concave (3), 

convex (1) 

 
Aspect:  level (8), northerly (3),  northerly-

southerly (2), northwesterly (1), 
southerly (1), west-northwesterly (1), 
westerly (1) 

 
Structural Stage: old forest (13), young 

forest (2), mature forest (1), 
pole/sapling (1) 

 
Plate 1 View east across e3 ecosite phase (July 28, 2011). 

Plate 2 View south across e3 ecosite phase (July 28, 2011). 

Plate 3 View of ground in e3 ecosite phase (August 1 2011). 
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f1 horsetail Pb-Aw   
 

Species Richness: 80 

 

n = 3 

 

 

  

 
Plate 1 View east across f1 ecosite phase (July 28, 2011). 

C
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R
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R
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C
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C
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S 

Layer Species 
Percent 
Cover 

TR
EE

 aspen* 25-50 
white birch* 5-25 
balsam fir 5-25 
white spruce* 5-25 

SH
RU

B 

river alder* 
5-25 

FO
RB

 

common horsetail 5-25 

woodland horsetail 5-25 

marsh marigold 5-25 

bunchberry 0-1 

sweet-scented bedstraw 0-1 

bishop’s-cap 0-1 

dewberry 0-1 

violet species 0-1 

GR
AS

S 

bluejoint  
5-25 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (1), 
mesic (1), subhydric (1) 

 

Nutrient Regime: rich (2), medium (1) 

 

Topographic Position: level (2), 
depression (1) 

 
Slope: straight (3) 

 
Aspect: level (2), depression (1) 

 
Structural Stage: pole/sapling (1), young 

forest (1), old forest (1) 

 

 
Plate 2 View west across f1 ecosite phase (July 28, 2011). 

Plate 3 View of ground in f1 ecosite phase (July 28, 2011). 
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f2 horsetail Pb-Sw    

 
 

 

Species Richness: 48 

 

n = 3 
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Layer Species 
Percent 
Cover 

TR
EE

 

white birch* 25-50 

white spruce* 1-5 

SH
RU

B 

white spruce* 1-5 
wild red currant* 1-5 
bracted honeysuckle 1-5 
northern gooseberry* 1-5 
wild red raspberry* 1-5 
common wild rose 1-5 

FO
RB

 

bunchberry 1-5 
tall lungwort 1-5 
oak fern 1-5 
sweet-scented bedstraw 1-5 
northern bedstraw 1-5 
woodland horsetail 1-5 
common nettle 1-5 
palmate-leaved coltsfoot 1-5 
dewberry 1-5 
violet species 1-5 
large-leaved yellow avens 1-5 
smooth aster 1-5 

GR
AS

S bluejoint  
75-95 

inland sedge 
1-5 

MO
SS

 

Schreber's moss 1-5 

stair-step moss 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (3) 
 
Nutrient Regime: rich (3) 
 
Topographic Position: level (2), toe (1) 

 
Slope: straight (2), convex (1) 

 
Aspect:  level (2), north-northwesterly (1) 

 
Structural Stage: old forest (1), young 

forest (1), mature forest (1) 

 
 

 
Plate 1 View east across f2 ecosite phase (July 31, 2011). 

 
Plate 2 View south across f2 ecosite phase (July 31, 2011). 

 
Plate 3 View of ground in f2 ecosite phase (July 31, 2011). 
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f3 horsetail Sw    
 

Species Richness: 144 

 

n = 12 

 

 

  

 
Plate 1 View east across f3 ecosite phase (July 27, 2011). 

C
H
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R
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TE
R
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C
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PE
C
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S 

Layer Species 
Percent 
Cover 

TR
EE

 white spruce* 5-25 
balsam fir 5-25 
black spruce 5-25 

SH
RU

B 

white birch* 1-5 

white spruce* 1-5 

FO
RB

 

common horsetail 5-25 

woodland horsetail 5-25 

twinflower 5-25 

bunchberry 5-25 

bishop’s-cap 1-5 
three-leaved Solomon’s 
seal 0-1 

bog cranberry 0-1 

GR
AS

S 

sedge species 
5-25 

bluejoint  5-25 

MO
SS

 Schreber’s moss 25-50 
knight’s plume moss 25-50 
stair-step moss 5-25 
peat moss species 5-25 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  subhygric (7), 
subhydric (3), hydric (2) 

 

Nutrient Regime: rich (9), medium (2), 
poor (1) 

 

Topographic Position: level (11), 
depression (1) 

 
Slope: straight (12) 

 
Aspect: level (11), depression (1) 

 
Structural Stage: mature forest (6), old 

forest (4), young forest (2) 

 
Plate 2 View south across f3 ecosite phase (July 27, 2011). 

Plate 3 View of ground in f3 ecosite phase (July 27, 2011). 
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g1   Labrador tea-subhygric Sb-Pj   
 

Species Richness: 81 

 

 

n = 16 
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Layer Species 
Percent 
Cover 

TR
EE

 

black spruce 
5-25 

SH
RU

B common Labrador tea* 
25-50 

black spruce 
5-25 

FO
RB

 

cloudberry* 5-25 

bog cranberry 5-25 

three-leaved Solomon’s 
seal 1-5 

bunchberry 1-5 

GR
AS

S 

sedge species 
5-25 

MO
SS

/L
IC

HE
N 

Schreber’s moss 25-50 

peat moss species 25-50 

stair-step moss 5-25 

knight’s plume moss 1-5 

reindeer lichen 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (13), 
subhydric (3) 

 

Nutrient Regime: poor (14),  medium (1), 
very poor (1) 

 

Topographic Position: level (12), lower 
(2), depression (2) 

 
Slope: straight (12), convex (4) 

 
Aspect: level (12),  depression (2), 

westerly (1), north-northwesterly (1) 

 
Structural Stage:  young forest (7), mature 

forest (4), pole/sapling (4), old forest (1) 

 
Plate 1 View east across g1 ecosite phase (July 31, 2011). 

 
Plate 2 View south across g1 ecosite phase (July 31, 2011). 

Plate 3 View of ground in g1 ecosite phase (July 31, 2011). 
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h1    Labrador tea/horsetail Sw-Sb   
 

Species Richness: 179 

 

n = 15 
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Layer Species 
Percent 
Cover 

TR
EE

 

black spruce 
1-5 

white birch* 1-5 

SH
RU

B 

common Labrador tea* 5-25 
river alder* 5-25 
northern black currant* 5-25 
white birch* 1-5 
tamarack* 1-5 

FO
RB

 

marsh marigold 25-50 

common horsetail 5-25 
swamp horsetail 5-25 
twinflower 1-5 
bishop’s-cap 1-5 
bunchberry 1-5 

bog cranberry 1-5 

GR
AS

S 

sedge species 5-25 

bluejoint 5-25 

MO
SS

 Schreber’s moss 25-50 
knight’s plume moss 25-50 
peat moss species 5-25 
stair-step moss 5-25 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (14), 
hydric (1) 

 

Nutrient Regime:  medium (6), rich (4),  
poor (4), very rich (1) 

 

Topographic Position: level (11), 
upper (1), depression (1), toe (1), 
lower (1) 

 
Slope: straight (15) 

 
Aspect: level (11),  westerly (2), 

southeasterly (1), depression (1) 

 
Structural Stage: mature forest (7), young 

forest (4), old forest (4) 

 
Plate 1 View south across h1 ecosite phase (July 31, 2011). 

 
Plate 2 View west across h1 ecosite phase (July 31, 2011). 

 
Plate 3 View of ground in h1 ecosite phase (July 26, 2011). 
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i1 treed bog    
 

Species Richness: 78 

 

n = 12 

 

 

  

 
Plate 1 View south across i1 ecosite phase (July 28, 2011). 
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Layer Species 
Percent 
Cover 

TR
EE

 

black spruce 

5-25 

SH
RU

B 

common Labrador tea* 
25-50 

black spruce 
1-5 

FO
RB

 

cloudberry* 
5-25 

three leaved-Solomon’s 
seal 

5-25 

bog cranberry 
5-25 

small bog cranberry 
1-5 

MO
SS

 

peat moss species 
75-95 

Schreber’s moss 
50-75 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhydric (10), 
subhygric (1), hydric (1) 

 

Nutrient Regime: poor (8), very poor (3), 
medium (1) 

 

Topographic Position:  level (7), 
depression (5) 

 
Slope: straight (12) 

 
Aspect:  level (7), depression (5) 

 
Structural Stage: pole/sapling (6), young 

forest (4), mature forest (2) 

 
Plate 2 View west across i1 ecosite phase (July 30, 2011). 

Plate 3 View of ground in i1 ecosite phase (July 26, 2011). 
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i2 shrubby bog    
 

Species Richness: 32 

 

n = 4 
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Layer Species 
Percent 
Cover 

SH
RU

B 

common Labrador tea* 
5-25 

black spruce 
5-25 

FO
RB

 

cloudberry* 
1-5 

three leaved-Solomon’s 
seal 

1-5 

bog cranberry 
1-5 

small bog cranberry 
1-5 

MO
SS

/L
IC

HE
N 

peat moss species 
25-50 

reindeer lichen 1-5 

Schreber’s moss 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhygric (2), 
subhydric (1), hydric (1) 

 

Nutrient Regime: poor (2), very poor (2) 

 

Topographic Position: depression (3), 
level (1)  

 
Slope: straight (4) 

 
Aspect: depression (3), level (1) 

 
Structural Stage: shrub (4) 

 
Plate 1 View west across i2 ecosite phase (July 31, 2011). 

 
Plate 2 View south across i2 ecosite phase (July 31, 2011). 

Plate 3 View of ground in i2 ecosite phase (July 31, 2011). 
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j1 treed poor fen 
 

Species Richness: 176 

 

n = 23 
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C
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Layer Species 
Percent 
Cover 

TR
EE

 
tamarack* 1-5 

black spruce 1-5 

SH
RU

B 

willow species 25-50 

tamarack* 5-25 

common Labrador tea* 5-25 

black spruce 5-25 

FO
RB

 

marsh marigold 5-25 

cloudberry* 5-25 

bog cranberry 5-25 
three-leaved Solomon’s 
seal 5-25 

GR
AS

S bluejoint 5-25 

sedge species 5-25 

MO
SS

 Schreber’s moss 25-50 

peat moss species 25-50 

stair-step moss 5-25 
tufted moss 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  subhydric (13), 
hydric (6), subhygric (4) 

 

Nutrient Regime:  medium (14), poor (6), 
rich (3) 

 

Topographic Position: level (11), 
depression (11), mid (1) 

 
Slope: straight (22), concave (1) 

 
Aspect: level (11), depression (11), 

westerly (1) 

 
Structural Stage:  young forest (13), 

mature forest (5), pole/sapling (5) 

 
Plate 1 View north across j1 ecosite phase (July 29, 2011). 

 
Plate 2 View south across j1 ecosite phase (July 30, 2011). 

 
Plate 3 View of ground in j1 ecosite phase (July 29, 2011). 
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j2 shrubby poor fen   
 

Species Richness: 33 

 

n = 4 
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Layer Species 
Percent 
Cover 

TR
EE

 

tamarack* 
1-5 

SH
RU

B common Labrador tea* 5-25 

tamarack* 1-5 

black spruce 1-5 

FO
RB

 

small bog cranberry 5-25 
marsh cinquefoil 1-5 
three-leaved Solomon’s 
seal 1-5 

common scouring-rush 1-5 
cloudberry* 0-1 

GR
AS

S 

sedge species 25-50 

bluejoint 5-25 

MO
SS

 

peat moss species 25-50 

tufted moss 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime: subhydric (3), hydric (1)
 

Nutrient Regime: poor (2), medium (2) 

 

Topographic Position: level (2), 
depression (1), mid (1) 

 
Slope: straight (4) 

 
Aspect:  level (2), southwesterly (1), 
depression (1) 

 
Structural Stage: shrub (4) 

 
Plate 1 View west across j2 ecosite phase (July 28, 2011). 

 
Plate 2 View west across j2 ecosite phase (July 31, 2011). 

 
Plate 3 View of ground in j2 ecosite phase (July 31, 2011). 
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k1 treed rich fen    
 

Species Richness: 114 

 
 

n = 7 
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Layer Species 
Percent 
Cover 

TR
EE

 

tamarack* 5-25 

black spruce 1-5 

SH
RU

B 

common Labrador tea* 5-25 

leatherleaf 5-25 

willow 5-25 

black spruce 1-5 

tamarack* 1-5 

FO
RB

 

marsh marigold 5-25 

buckbean 5-25 

small bog cranberry 5-25 
three-leaved Solomon’s 
seal 1-5 

dwarf raspberry 0-1 

GR
AS

S bluejoint 25-50 

sedge species 5-25 

MO
SS

 peat moss species 25-50 

Schreber’s moss 5-25 

tufted moss 1-5 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  hydric (4), subhydric 
(2), subhygric (1) 

 

Nutrient Regime:  very rich (1), rich (3),  
medium (3) 

 

Topographic Position: level (5), 
depression (2) 

 
Slope: straight (6), convex (1) 

 
Aspect: level (5), depression (2) 

 
Structural Stage: pole/sapling (4), young 

forest (3) 

 
Plate 1 View west across k1 ecosite phase (July 27, 2011). 

 
Plate 2 View east across k1 ecosite phase (July 27, 2011). 

 
Plate 3 View of ground in k1 ecosite phase (July 27, 2011). 
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k2 shrubby rich fen   
 

Species Richness: 41 

 

n = 2 
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Layer Species 
Percent 
Cover 

SH
RU

B 

willow species 
50-75 

river alder* 
5-25 

Alaska birch 
5-25 

FO
RB

 

marsh marigold 
25-50 

smooth aster 
5-25 

GR
AS

S 

bluejoint 

75-95 

MO
SS

 

peat moss species 
25-50 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  hydric (2) 

 

Nutrient Regime:  rich (2) 

 

Topographic Position: depression (2) 

 
Slope: concave (1), straight (1) 

 
Aspect: depression (2) 

 
Structural Stage: shrub (2) 

 
Plate 1 View east across k2 ecosite phase (July 27, 2011). 

 
Plate 2 View south across k2 ecosite phase (July 27, 2011). 

 
Plate 3 View of ground in k2 ecosite phase (July 27, 2011). 
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k3 graminoid rich fen   
 

Species Richness: 55 

 

n = 5 
 

 

 

  

C
H

A
R

A
C

TE
R

IS
TI

C
 

SP
EC

IE
S 

Layer Species 
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three-leaved Solomon’s 
seal 

0-1 

GR
AS

S sedge species 75-95 

bluejoint 5-25 

MO
SS

 

peat moss species 
25-50 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  hydric (4), 
subhydric (1) 

 

Nutrient Regime:   rich (3), medium (1), 
poor (1) 

 

Topographic Position: depression (4), 
level (1) 

 
Slope: straight (5) 

 
Aspect: depression (4), level (1) 

 
Structural Stage: herbaceous (5) 

 
Plate 1 View south across k3 ecosite phase (July 27, 2011). 

 
Plate 2 View north across k3 ecosite phase (July 28, 2011). 

 
Plate 3 View of ground in k3 ecosite phase (July 27, 2011). 
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l1 marsh     
 

Species Richness: 48 

 

n = 6 
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common cattail* 
1-5 

GR
AS

S 

sedge species 
75-95 

bluejoint 
25-50 

common tall manna grass 
5-25 

SI
TE

 C
H

A
R

A
C
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R

IS
IT

C
S 

Moisture Regime:  hydric (3), aquatic (3)
 

Nutrient Regime:   rich (5), medium (1) 

 

Topographic Position: depression (3), 
level (3) 

 
Slope: straight (5), concave (1) 

 

Aspect: depression (3),  level (3) 

 
Structural Stage: herbaceous (6) 

 
Plate 1 View north across l1 ecosite phase (August 2, 2011). 

 
Plate 2 View south across l1 ecosite phase (August 2, 2011). 

 
Plate 3 View of ground in l1 ecosite phase (August 2, 2011). 



BlackPearl Resources Inc.  Vegetation Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 1A 

 

 
   

Page 1A-121 
 
 

NA shrubby wetland   
 

Species Richness: 107 

 

n = 20 
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Layer Species 
Percent 
Cover 

SH
RU

B 

northern gooseberry* 
5-25 

river alder* 
5-25 

white spruce* 
1-5 

wild red raspberry* 1-5 

FO
RB

 

common nettle 5-25 

narrow spinulose shield 
fern 1-5 

marsh skullcap 
1-5 

touch-me-not species 
1-5 

cow parsnip 0-1 

violet species 1-5 

woodland horsetail 0-1 

GR
AS

S 

bluejoint 
50-75 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:   hydric (8), 
subhydric (7),  subhygric (5) 

 

Nutrient Regime: rich (14), medium (6) 

 

Topographic Position: depression (11), 
level (9) 

 
Slope: straight (17), concave (3) 

 
Aspect:  depression (11), level (9) 

 
Structural Stage: shrub (20) 

 
Plate 1 View east across shrubby wetland (July 28, 2011). 

 
Plate 2 View south across shrubby wetland (July 28, 2011). 

 
Plate 3 View of ground in shrubby wetland (July 28, 2011). 
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NA meadow    
 

Species Richness: 17 

 

n = 2 
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white spruce* 

0-1 

FO
RB

 

common nettle 

1-5 

cow parsnip 

1-5 

woodland horsetail 

1-5 

GR
AS

S 

bluejoint 

25-50 

SI
TE

 C
H

A
R

A
C

TE
R

IS
IT

C
S 

Moisture Regime:  mesic (2) 

 

Nutrient Regime: medium (2) 

 

Topographic Position: level (2) 

 
Slope: straight (2) 

 
Aspect: level (2) 

 
Structural Stage: herbaceous (2) 

 
Plate 1 View south across meadow (June 25, 2011). 

 
Plate 2 View west across meadow (June 25, 2011). 

 
Plate 3 View of northeast across meadow (June 28, 2011). 
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NA regenerating burn   
 

Species Richness: 44 

 

n = 5 
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Moisture Regime:  subhydric (3), 
subhygric (1), mesic (1) 

 

Nutrient Regime: medium (3), poor (2) 

 

Topographic Position: level (5) 

 
Slope: straight (3), convex (2) 

 
Aspect: level (5) 

 
Structural Stage: shrub (4), 

pole/sapling (1) 

 
Plate 1 View north across regenerating burn (July 31, 2011). 

 
Plate 2 View south across regenerating burn (July 31, 2011). 

 
Plate 3 View of ground in regenerating burn (July 31, 2011). 
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NA regenerating cutblock   
 

Species Richness: 93 

 

n = 7 
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Moisture Regime:   mesic (4), subhygric 
(2), submesic (1) 

 

Nutrient Regime: medium (7) 

 

Topographic Position: level (5), mid (2) 

 
Slope: straight (7) 

 
Aspect: level (5), northeasterly (1), 

southwesterly (1) 

 

Structural Stage: shrub (5), 
pole/sapling (2) 

 
Plate 1 View north across regenerating cutblock (August 1, 2011). 

 
Plate 2 View south across regenerating cutblock (August 1, 2011). 

 
Plate 3 View of ground in regenerating cutblock (August 1, 2011). 
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NA cutblock   
 

Species Richness: 89 

 

n = 9 
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Moisture Regime:   mesic (5), subhygric 
(3), hydric (1) 

 

Nutrient Regime: medium (7), rich (2) 

 

Topographic Position: level (5), mid (3), 
lower (1) 

 
Slope: straight (9) 

 
Aspect: level (5), westerly (3), northerly (1) 

 

Structural Stage: shrub (6), 
herbaceous (2),  pole/sapling (1) 

 
Plate 1 View north across cutblock (July 26, 2011). 

 
Plate 2 View east across cutblock (July 26, 2011). 

 
Plate 3 View of ground in cutblock (July 26, 2011). 
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NA anthropogenic disturbance   
 

n = 5 
 

Species Richness: 38 
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Moisture Regime:   mesic (2), 
subhygric (2), subhydric (1) 

 

Nutrient Regime:  rich (3), medium (2) 

 
Topographic Position:  level (4), 

depression (1) 

 
Slope: straight (5) 

 
Aspect: level (4), depression (1) 

 
Structural Stage: shrub (4), 

herbaceous (1) 

 
Plate 1 View south across anthropogenic disturbance (July 26, 2011). 

 
Plate 2 View south across anthropogenic disturbance (July 30, 2011). 

Plate 3 View of ground in anthropogenic disturbance (July 30, 2011). 
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ATTACHMENT 1A7 
 

OBSERVED RARE PLANT SPECIES DESCRIPTIONS 
 
Rare plant species observed during the rare ecological community and rare plant surveys conducted from 
July 27 to July 31, 2010, June 24 to July 1, 2011 and July 26 to August 2, 2011 are described below. S 
ranks provided are from the List of Tracked and Watched Elements (ACIMS 2011a) and General Status 
ranks provided are from the General Status of Alberta Wild Species (ASRD 2011a). 

1.0 RARE VASCULAR PLANT SPECIES OBSERVED 

Alder-leaved Buckthorn (S3, Sensitive) 
Alder-leaved buckthorn (Rhamnus alnifolia L’Her) is a shrub that grows up to 2 m tall in moist shady 
woods. It has fine hairs on the stems and twigs when young. The stems turn dark grey brown with age. 
The leaves are alternate, lance to egg shaped with 6-8 prominent veins and are 3 cm to 10 cm long. The 
flowers have no petals but have five greenish yellow sepals and flower mostly in June. The fruit is red to 
black coloured and poisonous (Moss 1983, Kershaw et al. 2001). Alder-leaved buckthorn is ranked S3 
and not tracked in Alberta by ACIMS, and ranked Sensitive by ASRD. 

Arctic Starflower (S3, Sensitive) 
Arctic Starflower (Trientalis europaea L.) is herbaceous erect perennial plant that grows 4 cm to 15 cm 
high. Its 2 cm to 6 cm long leaves are arranged in a whorl of 5-9 leaves at the top with few small alternate 
leaves or scales below. The leaves within the larger whorl are oblanceolate or obovate. Flowers are 
white, single or few and on slender stalks from the centre of the leaf whorl. Flower stalks are longer than 
the leaves (Moss 1983, Kershaw et al., 2001). Arctic Starflower is ranked S3 and not tracked in Alberta by 
ACIMS, and ranked Sensitive by ASRD. 

Bog Adder’s-Mouth Orchid (S1, May Be at Risk) 
Bog adder's-mouth orchid (Malaxis paludosa [L.] Sw.) is a small, perennial orchid that grows from 5 cm to 
15 cm tall on mossy ground. There are 2 to 5, 5 mm to 12 mm long, elliptic leaves at the base of the plant 
and the leaves are arranged alternately along the stem. The yellowish-green flowers are small (1 mm to 
1.5 mm long), inconspicuous and appear from June to August. The fruit is a 4 mm long capsule which 
splits into 3 parts to release many tiny seeds (Kershaw et al. 2001). Bog adder's-mouth orchid is ranked 
S1 in Alberta by ACIMS and May Be at Risk by ASRD. 

Bristly Buttercup (S3, Sensitive) 
Bristly buttercup (Ranunculus pensylvanicus L.f.) is an erect annual or perennial that prefers marshy 
ground, wet thickets or ditches, and grows 3 cm to 7 cm tall and is covered is coarse bristly hairs. Its 
basal leaves are compound and the leaflets wedge shaped. The upper leaves are also compound leaves 
however, they are lobed and incised. The flowers have petals 2 mm to 3 mm long and sepals twice as 
long as the petals (Moss 1983). Bristly buttercup is ranked S3 and not tracked in Alberta by ACIMS, and 
ranked Sensitive by ASRD. 

Broad-fruited Sedge (S3, Sensitive) 
Broad-fruited sedge (Carex tenera Dewey) is a perennial herb that grows in bunches from a very short 
rootstalk. Stems are slender, erect and often nodding. Flower clusters are comprised of 3-8 straw-
coloured, ovoid-shaped spikes in a long, loose inflorescence. Broad-fruited sedge inhabits moist 
meadows and open woodlands (Moss 1983). Broad-fruited sedge is ranked S3 and not tracked in Alberta 
by ACIMS, and ranked Sensitive by ASRD. 

Bur-reed (S1, May Be at Risk) 
Bur-reed (Sparganium glomeratum) is an aquatic perennial herb that grows erect or floating from fibrous 
roots. The plant gorws up to 2.5 m long. Its leaves are ribbon-like, 3 mm to 10 mm wide and mostly 
floating. Flower clusters are held above the water on erect stalks. The seeds are 4 mm to 5 mm long, 
beak-tipped and form dense bur-like heads. Bur-reed grows in cool lakes, ponds and slow streams, in 
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water 1 m to 2 m deep (Kershaw et al. 2001). Bur-reed is ranked S1 in Alberta by ACIMS and May Be at 
Risk by ASRD. 

Coralroot Species 
Coralroot species (Corallorhiza sp.) are stout saprophytic orchids which grow in woods, thickets and 
bogs. They lack roots and green foliage and can be coloured yellow, brown or purplish. Leaves are 
reduced to scales. Flowers are arranged in a terminal raceme and can be coloured white with purple 
blotches, white or yellow with purple stripes, or yellow to dull purple and dotted with red or purple (Moss 
1983). A coralroot species was observed, but was too senesced to distinguish the species. Two coralroot 
species, spotted coralroot (described below) and striped coralroot, are ranked S3 and not tracked in 
Alberta by ACIMS, and ranked Sensitive by ASRD. 

Fox Sedge (S2, May Be at Risk) 
Fox sedge (Carex vulpinoidea Michx.) is a densely clumped perennial herb with stiff, three-sided stems 
that vary in height from 20 cm to 90 cm and are rough to the touch near the top. Generally, there are four 
or five flat leaves per stem that are slender-pointed, 2 mm to 5 mm wide and feature red-dotted, 
horizontally-wrinkled sheaths. Flower clusters are dense, cylindrical, greenish to yellowish or dull brown 
and range in size from 3 mm to 12 mm long and 5 mm to 20 mm wide. There are many stalkless, often 
compound spikes, occasionally with lower spikes somewhat separate from the main cluster. Spikes have 
inconspicuous male flowers at the tips and female flowers below. The lowermost bract is up to 5 cm in 
length and bristle-like, while the scales are yellowish-brown with a green midvein. Perigynia are straw 
coloured to greenish, egg-shaped, rounded on one side and flat on the other. The perigynia are tapered 
to a flattened beak that has a saw-toothed edge and two distinct teeth at the tip. Fox sedge grows in 
swamps and wet meadows and requires non-saline, non-acidic soils that are permanently wet but have 
some drainage (Kershaw et al. 2001). Fox sedge is ranked S2 in Alberta by ACIMS and May Be at Risk 
by ASRD. 

Golden Saxifrage (S3?, Sensitive) 
Golden saxifrage (Chrysosplenium iowense Rydb.) is a perennial herb which grows to 15 cm tall in moist 
to marshy ground in shade (Moss 1983). It has round to kidney-shaped leaves and branches near the top 
of the plants producing flowers in early to mid-summer that have lobed, greenish-yellow sepals and no 
petals. Unlike the similar green saxifrage, golden saxifrage has central flowers that are 3 mm to 5 mm 
broad (rather than 2 mm to 3 mm wide) and the outer pair of sepals is wider than the inner pair. The 
capsules split to reveal numerous, light chestnut-brown, smooth seeds (Moss 1983). In Alberta, it is 
ranked S3? by ACIMS and Sensitive by ASRD.  

Goldthread (S3 W) 
Goldthread (Coptis trifolia [L.] Salisb.) is a 5-15 cm tall perennial herb with bright yellow or orange 
rhizomes (underground stems) that grows in damp mossy woods. It has shiny basal evergreen leaves, 
which are divided into three leaflets. The leaflets are wedge shaped, shallowly lobed and sharply toothed 
(Kershaw et al., 2001). Each plant has one small flower composed of five to seven white petal-like sepals 
and five to seven inconspicuous, fleshy, club-shaped petals that are tipped with a nectary (Moss 1983). 
The small pod-like fruits are borne on long stalks, in a whorled cluster at the tip of the stem. Goldthread is 
ranked S3 in Alberta and is on the Watch list by ACIMS, and ranked Secure by ASRD. 

Northern Beech Fern (S2, May Be at Risk) 
Northern beech fern (Phegopteris connectilis [Michx.] Fee) is a small (10 cm to 50 cm tall) fern that grows 
in moist woodlands on acidic soils (Kershaw et al., 2001, Moss 1983). Its leaves grow singly on long, 
hairy stalks from slender underground stems and are divided into 10-25 pairs of leaflets (pinnae). The 
lowest pair of leaflets is bent sharply downward, giving this fern its distinctive appearance. The round 
spore clusters are located near the edges of the bottoms of lower leaflets. The spore clusters are not 
covered by protective membranes (Kershaw et al., 2001, Moss 1983). Northern beech fern is ranked S2 
in Alberta by ACIMS and May Be at Risk by ASRD. 
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Ostrich Fern (S3, Sensitive) 
Ostrich fern (Matteuccia struthiopteris [L.] Todaro) is an erect, spreading perennial plant which grows in 
marshy woods. Ostrich fern grows 0.5 m to 1.5 m tall from an erect woody base and spreads by coarse, 
scaly, black underground stolons. The leaves are lance shaped in outline and taper on both ends. The 
spore clusters are covered by the rolled over margin of the leaf (Moss 1983, Kershaw et al., 2001). 
Ostrich fern is ranked S3 and not tracked in Alberta by ACIMS and ranked Sensitive by ASRD. 

Small Butterwort (S2, Sensitive) 
Small butterwort (Pinguicula villosa L.) is a 2 cm to 5 cm perennial, insect-eating herb. The single 
flowering stem is hairy and has leaves only at its base. Leaves are up to 1 cm long, egg-shaped, rolled-up 
along the edges and have a slippery upper surface. Flowers are purplish to bluish violet and have two lips 
and a nectar-producing spur. Fruit is a round capsule containing many seeds. Hairy butterwort grows on 
sphagnum hummocks in peatlands (Moss 1983). Small butterwort is ranked S2 in Alberta by ACIMS and 
Sensitive by ASRD. 

Spotted Coralroot (S3, Sensitive) 
Spotted coralroot (Corallorhiza maculate Raf.) is a saprophytic orchid which grows in moist to dry forests. 
It grows 20 cm to 50 cm tall and can be coloured purplish to reddish or light yellow to brown. The leaves 
are reduced to semi-transparent sheaths. It can have 10-40 flowers which are whitish and spotted with 
purple or red. The lip of the flower has two lobes and a prominent yellowish spur (Moss 1983, Kershaw et 
al., 2001). Spotted coralroot is ranked S3 and not tracked in Alberta by ACIMS, and ranked Sensitive by 
ASRD. 

Tall Blue Lettuce (S2, May Be at Risk) 
Tall blue lettuce (Lactuca biennis [Moench] Fern.) is a robust, annual or biennial herb that grows 5 dm to 
20 dm tall. The 1 dm to 4 dm long leaves of tall blue lettuce are arranged alternately along the 
unbranched stem. Leaves are deeply pinnately lobed, sharply toothed and generally hairless. The bluish-
white, 5 mm wide flowers are borne in large, narrow, branched clusters. Tall blue lettuce occurs in moist 
open woods (Moss 1983, Kershaw et al. 2001). Tall blue lettuce is ranked S2 in Alberta by ACIMS and 
May Be at Risk by ASRD. 

White Wintergreen (S3, Sensitive) 
White Wintergreen (Pyrola elliptica Nutt.) is a perennial evergreen plant which grows 12 cm to 25 cm tall 
in rich woods. Its 3 cm to 7 cm long leaf blades are all basal, elliptic to oblong shaped, blades longer than 
the petioles. The fragrant white flowers are green or pink veined and arranged in a terminal raceme 
(Moss 1983, Kershaw et al., 2001). White wintergreen is ranked S3 and not tracked in Alberta by ACIMS, 
and ranked Sensitive by ASRD. 
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2.0 RARE NONVASCULAR PLANT SPECIES OBSERVED 

Anastrophyllum helleranum (S2) 
Anastrophyllum helleranum is a tiny liverwort whose shoots grow to less than 1 mm wide. Its leaves are 
sharply bi-lobed and less than 0.5 mm long. The gemmae (reproductive structures) are bright red or 
purple and sit atop tiny, upright shoots. Anastrophyllum helleranum typically grows on the overhanging 
lower half of the sides of decaying logs in woodlands (British Bryological Society 2010). Anastrophyllum 
helleranum is ranked S2 in Alberta by ACIMS and not treated by ASRD. 

Atrichum selwynii (S2) 
Atrichum selwynii is a light to dark green moss that grows in small to medium-sized rosettes. Its stems are 
1-4 cm long, with leaves that have irregular teeth crowded near the leaf apices. Capsules are numerous, 
cylindrical and up to 7.5 mm long. Atrichum selwynii grows on soil in open and shaded habitats, on bare 
roadside banks and overturned tree roots (Missouri Botanical Garden 1993). Atrichum selwynii is ranked 
S2 in Alberta by ACIMS and Secure by ASRD. 

Biatora vernalis (SU) 
Dot lichen (Biatora vernalis) is a small crustose (completely attached to substrate) lichen that is seldom 
collected, though it has a wide range across northern North America (Thomson 1997). Biatora vernalis 
has 1-1.5 mm wide brick-red apothecia (reproductive structures) with simple or 2-celled spores that are 4-
6 μm by 10-23 μm. Its thallus is grey and granular (Thomson 1997). This species grows in shaded forests 
on mosses over rocks and tree bases, rarely directly on bark (Brodo et al. 2001). Biatora vernalis is 
ranked G5? since it occurs throughout North America (NatureServe 2011a). Biatora vernalis is ranked SU 
in Alberta by ACIMS and not treated by ASRD.  

Blasia pusilla (S1) 
Blasia pusilla is a medium-sized, somewhat translucent, dark green non-leafy liverwort. It forms rosettes 
or mats on disturbed, damp mineral soil on banks and cliffs, especially near watercourses in both open 
and shaded sites (Schofield 2002). The relatively flat branches, which may be up to 5 mm wide, have 
regularly lobed and ruffled margins and a faint, pale midrib. Dark green to blackish internal colonies of 
Nostoc (blue-green algae) often dot the upper branch surfaces. Bottle-like containers holding gemmae 
(reproductive structures) are also characteristic of Blasia pusilla. Sporophytes are uncommon (Schuster 
1966-1992, Paton 1999, Damsholt 2002, Schofield 2002). Blasia pusilla is ranked S1 in Alberta by ACIMS 
and not treated by ASRD. 

Calicium adaequatum (SNR) 
Calicium adaequatum is a pin lichen that is 0.68-0.8 mm tall and has a brown to yellowish stalk. The 
powedery-black spores are 9.0-11.0 μm by 4.5-5.5 μm with distinctive spirally arranged ridges (Williston 
pers. com.) (Goward 1999). It is found on the bark of thin twigs and branches of deciduous trees and 
shrubs, in open to sheltered forests and orchards (Goward 1999) (NatureServe 2011a). Since these are 
the first records for Alberta, it can be presumed to be relatively rare provincially. In British Columbia, 
where pin lichens have been more intensively surveyed, this lichen is only known from four or five 
localities (Williston pers. comm.). Calicium adaequatum is ranked G3G4 globally as this species has a 
broad circumboreal range with individual populations and habitats being very stable given the variety of 
forest age classes in various parts of its range. Given this species small size, it is undoubtedly under 
collected, range wide (NatureServe 2011a). Calicium adaequatum is not ranked in Alberta by ACIMS and 
is not treated by ASRD. 

Calicium salicinum (S1) 
Calicium salicinum is a pin lichen under 2 mm tall. The capitulum (tiny spherical or cup-shaped 
apothecium formed at the summit of a slender stalk that resembles a pinhead) is almost spherical, or like 
a somewhat flattened sphere and is liberally coated with a rusty reddish brown prunina on the underside. 
Its spores are 8-11 μm by 4-5 μm with walls that have spiralled ridges on the surface (Brodo et al. 2001). 
It is typically found on wood and bark of various kinds, usually in well shaded forests. Calicium salicinum 
is ranked S1 in Alberta by ACIMS and not treated by ASRD. 
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Calypogeia neesiana (S3 W) 
The shoots of the liverwort Calypogeia neesiana grow 0.7-1.8 mm wide. Its leaves are opaque in the 
middle, becoming more translucent along the edges and are about 1 mm wide and long. Calypogeia 
neesiana grows on acidic substrates on eroding peat or humus-covered boulders, rarely on mineral soil or 
rotting logs (British Bryological Society 2010). Calypogeia neesiana is on the Watch list and ranked S3 in 
Alberta by ACIMS and not treated by ASRD. 

Calypogeia suecica (S1) 
Calypogeia suecica is a liverwort with shoots that are usually less than 1 mm wide. Its leaves are stubby 
with squarely truncate tips and sometimes point upward from the substrate. Gemmae (reproductive 
structures) are not commonly seen. Calypogeia suecica grows on rotting logs in humid woodland valleys, 
more often on conifers (British Bryological Society 2010). Calypogeia suecica is ranked S1 in Alberta by 
ACIMS and not treated by ASRD. 

Chaenotheca laevigata (SNR) 
Chaenotheca laevigata is a greenish-grey to greenish-yellow whisker lichen that consists of a basal crust 
and stalked apothecia (reproductive structure) (Goward 1999). It typically grows on dry bark or wood. The 
hair-like apothecia stalks are brownish to black and 0.5-2.0 mm long including the top-shaped apothecia 
head (Goward 1999). Chaenotheca laevigata is ranked GNR globally and S2 in Ontario. Chaenotheca 
laevigata is not ranked in Alberta by ACIMS and is not treated by ASRD. 

Cladonia acuminata (S1?) 
Cladonia acuminata has unbranched, non-perforate, distinctly granulose podetia (stalks) with whitish 
surfaces (Goward 1999). Cladonia acuminata grows on base-rich soil and mossy boulders in open inland 
forests and boulder beds at lower to middle elevations (Goward 1999). Cladonia acuminata is ranked S1? 
in Alberta by ACIMS and Undetermined by ASRD.  

Cladonia bacilliformis (S3, Sensitive) 
Cladonia bacilliformis has small (20-25 mm), unbranched, yellowish green, point-tipped podetia (stalks) 
(Goward 1999). It typically grows on rotting pine wood in open woodlands in the boreal forest (Brodo et al. 
2001). Cladonia bacilliformis is ranked as S3 in Alberta by ACIMS and Sensitive by ASRD. 

Cladonia digitata (S2, May Be at Risk) 
Finger pixie-cup (Cladonia digitata) is a lichen that grows as small, rounded lobes, 4-10 mm across. The 
lower surface is predominantly white but becomes orange at the base; the upper surface is yellowish 
green and grayish green. Podetia (stalks) are cupped, 5-20 mm tall and 1.5-5 mm across with tooth-like 
projections on the margins. Cladonia digitata grows on well-rotted wood and peat, sometimes on mossy 
tree bases (Brodo et al. 2001). Cladonia digitata is ranked S2 in Alberta by ACIMS and May Be at Risk by 
ASRD. 

Cladonia merochlorophaea (S2, May Be at Risk) 
Cladonia merochlorophaea is a lichen that has abundant, deeply divided lobes. Podetia (stalks) are pale 
gray-green, up to 35 mm tall, topped with 2-6 mm wide goblet-shaped cups. Cladonia merochlorophaea 
grows on wood, bark, rock or soil, in full sun or partial shade (Brodo et al. 2001). Cladonia 
merochlorophaea is ranked S2 in Alberta by ACIMS and May Be at Risk by ASRD. 

Cladonia rei (S2, May Be at Risk) 
Wand lichen (Cladonia rei) grows as small, inconspicuous squamules (scale-like lobes). More prominent 
are the slender gray-green to olive podetia (stalks), topped with narrow, lopsided, brown cups. Cladonia 
rei grows on soil or wood in the open (Brodo et al. 2001). Cladonia rei is ranked S2 in Alberta by ACIMS 
and May Be at Risk by ASRD. 
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Cladonia stygia (S2) 
The white to silver-gray thallus of the lichen, Cladonia stygia, branches in twos and threes and is dark 
brown to black at the base. The branch tips of freshly collected specimens contain a pinkish jelly in a 
structure called the pycnidia. Cladonia stygia grows in boggy, or at least wet, open sites (Brodo et al. 
2001). Cladonia stygia is ranked S2 in Alberta by ACIMS and Secure by ASRD. 

Cladonia subcariosa (S1?)  
Peg lichen (Cladonia subcariosa) grows as long, strap-shaped squamules (scale-like lobes), deeply 
divided into narrow lobes. Podetia (stalks) are 10-30 mm high and unbranched, topped with clusters of 
brown apothecia (reproductive structures). Cladonia subcariosa grows on thin, often sandy soil in the 
open (Brodo et al. 2001). Cladonia subcariosa is ranked S1? in Alberta by ACIMS and Not Assessed by 
ASRD. 

Conocephalum conicum (S2) 
Snakeskin liverwort (Conocephalum conicum) is a large (up to 12 mm wide and 20 cm long), leathery, 
bright green, irregularly branched thalloid liverwort. The upper surface of the thallus has 4-5 rows of 
deeply grooved hexagonal air chambers between the midrib and the thallus margin, each with a 
conspicuous white-ringed pore. The hyaline (glassy or transparent) margins of the thallus consist of 1-2 
elongated cells (Szweykowski et al. 2005). Male receptacles are wine-purple pigmented and occur in late 
fall to early spring; female receptacles are conic and appear in early spring. Conocephalum conicum 
forms extensive mats on damp banks and shady rocks near watercourses, on wet cliffs, and in wet 
depressions in open areas in woodlands (Schuster 1992, Schofield 2002). ACIMS currently lists this 
species is as Conocephalum conicum, which is now known only from Europe. The species that occurs in 
Alberta should be called Conocephalum salebrosum which is found throughout much of the northern 
hemisphere (Szweykowski 2005). Conocephalum conicum is ranked S2 in Alberta by ACIMS and is not 
treated by ASRD.  

Cyphelium tigillare (S2) 
Soot lichen (Cyphelium tigillare) grows as a bright yellow or greenish yellow thallus. Apothecia 
(reproductive structures) are largely immersed in the thallus with hardly any margin showing. Cyphelium 
tigillare grows on the bark and wood of conifers (Brodo et al. 2001). Cyphelium tigillare is ranked S2 in 
Alberta by ACIMS and is not treated by ASRD. 

Heterodermia speciosa (S2, May Be at Risk) 
The lobes of powdered fringed lichen (Heterodermia speciosa) broaden slightly towards the tips and 
0.7-1.5 mm wide. This lichen is gray-green on the upper surface and white and slightly fibrous below, with 
white hairs present on all lobe margins. Heterodermia speciosa grows on trees or rocks, usually in humid 
or well-established forests (Brodo et al. 2001). Heterodermia speciosa is ranked S2 in Alberta by ACIMS 
and May Be at Risk by ASRD. 

Leptogium teretiusculum (SU) 
Jellyskin (Leptogium teretiusculum) is a lichen that forms a thallus of many crowded, erect and knobby 
lobes originating from an inconspicuous foliose (leafy) base (Martin et al. 2002). The lobes are on 
average 0.03 to 0.1 mm in diameter and appear pinched and swollen, especially near the tips. Jellyskin is 
gray to brownish gray in colour and apothecia (reproductive structures) are rarely seen. When present, 
the apothecia appear concave to flattened near the tips of the erect lobes, or on the thallus base. The 
apothecia contain spores that range in size from 20 to 25 µm. Leptogium teretiusculum is strongly 
associated with mixed conifer and hardwood stands and often occurs on the bark of trees from the 
Populus (e.g., append and balsam poplar) genus (Martin et al. 2002) (NatureServe 2011a). Leptogium 
teretiusculum is ranked SU in Alberta by ACIMS and Undetermined by ASRD. Leptogium teretiusculum is 
ranked G4G5Q globally since it is a widespread species that is probably severely under collected 
(NatureServe 2011b). 
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Lichenomphalia umbellifera (S2S4, May Be at Risk) 
Lichenomphalia umbellifera (formerly Omphalina umbellifera) is a basidio-lichen (has specialized 
club-shaped end cells called basidia) that produces a small, funnel-shaped mushroom in association with 
a mat of green algae (Brodo et al. 2001). Lichenomphalia umbellifera grows on moist, well-decayed logs 
in humid forests. Though seldom collected, this lichen is widespread in boreal forests (Williston pers. 
comm.). Lichenomphalia umbellifera is ranked S2S4 in Alberta by ACIMS and May Be at Risk by ASRD. 

Melanohalea multispora (S2S4) 
Many-spored camouflage lichen (Melanohalea multispora) is a lichen with a brown thallus that consists of 
1-3 mm wide lobes. The lower surface of the lichen is dark brown to black, usually with abundant root-like 
structures. The apothecia (reproductive structures) are common and 1.3-3 mm in diameter (Brodo et al. 
2001). Melanohalea multispora grows mainly on the bark of deciduous trees and is ranked S2S4 in 
Alberta by ACIMS and Undetermined by ASRD. 

Mnium thomsonii (S3, Sensitive) 
Mnium thomsonii is a perennial, rather robust moss that is small and slender and occurs in loose tufts of 
10-20 plants. The stems are simple and erect with leaves more crowded at the tips. Leaves are wavy and 
twisted when dry, 2-3 mm long, oblong to ovate shaped. Leaf cells are small with firm walls, thickened at 
the corners. Inflorescences are dioecious (male and female reproductive structures are on separate 
individuals). Mnium thomsonii grows on moist shady rocks, soil and bark at the base of trees, often on 
stream banks and frequently in calcareous habitats (Crum and Anderson 1981). Mnium thomsonii is 
ranked S3 in Alberta by ACIMS and Sensitive by ASRD. 

Nephroma bellum (S2) 
Naked kidney lichen (Nephroma bellum) is a dull brown lichen with 4-10 mm wide lobes, the lower 
surfaces of which are smooth and lighter brown. The apothecia (reproductive structures) are usually 
abundant and conspicuous. Nephroma bellum grows on the branches and twigs of trees, particularly 
conifers (Brodo et al. 2001). Nephroma bellum is ranked S2 in Alberta by ACIMS and Secure by ASRD. 

Nephroma helveticum (S1S2, Sensitive) 
Fringed kidney lichen (Nephroma helveticum) is a cyano-lichen (with cyanobacteria algal partners) that is 
found on well-decayed logs in old forests. It can be recognized by the down-turned apothecia 
(reproductive structures) and the well-developed micro-lobules (very small scale-like lobes growing on 
foliose lichens) on the thallus margins (Goward 1994). Apothecia (reproductive structures) are dark brown 
disks with lobulate margins. Fringed kidney lichen grows on mossy rocks and bark in humid forests. It is 
more tolerant to dryness than other kidney lichens (Brodo et al. 2001). Fringed kidney lichen is ranked 
S1S2 in Alberta by ACIMS and Sensitive by ASRD. 

Pellia neesiana (S2) 
The thalli of the liverwort Pellia neesiana are approximately 1 cm wide, often with a reddish or purple tint 
and a sharp aromatic smell. This species is dioecious (male and female reproductive structures are on 
separate individuals). The female plants develop a short, vertical tube of tissue around the sex organ that 
is not closely toothed at the mouth. Pellia neesiana grows on acidic ground in ditches, wet grassland, 
marshes, wet woodland, on rocky banks, streamsides and occasionally on gravelly forest tracks (British 
Bryological Society 2010). Pellia neesiana is ranked S2 in Alberta by ACIMS and is not treated by ASRD. 

Peltigera collina (S2, Sensitive)  
Peltigera collina is a grey to brownish grey or dark brown smooth foliose (leafy) lichen with lobes 5-10 mm 
wide. Lobe margins are covered with coarse bluish grey soredia (vegetative propagules). The lower 
surface pale with inconspicuous veins and tufted rhizines (attachment structures). Apothecia 
(reproductive structures) are produced infrequently (Brodo et al. 2001). Peltigera collina grows over 
mossy rocks and conifers in sheltered forests (Goward 1994). Peltigera collina is ranked S2 in Alberta by 
ACIMS and Sensitive by ASRD. 
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Peltigera polydactyla (S2) 
Alternating dog-lichen (Peltigera polydactyla) is a lichen with a shiny brown or greenish gray thallus, the 
lobes of which are 7-10 mm across and pale underneath. The apothecia (reproductive structures) are red-
brown, saddle-shaped and found on the ends upturned lobes. Peltigera polydactyla grows on soil, moss, 
or mossy rock in forest habitats (Brodo et al. 2001). Peltigera polydactyla is ranked S2 in Alberta by 
ACIMS and is not treated by ASRD. 

Phaeophyscia ciliata (S3, Sensitive) 
Shadow lichen (Phaeophyscia ciliata) is a small foliose (leafy) lichen with pale grey to brown flat lobed 
thalli. The lower surface is black with abundant black rhizines (attachment structures) with white tips 
which can resemble cilia. Abundant apothecia (reproductive structures) are dark brown disks with 
prominent margins. Phaeophyscia ciliata grows on deciduous trees and wood and occasionally mosses 
over rock (Brodo et al. 2001). Phaeophyscia ciliata is ranked S3 in Alberta by ACIMS and Sensitive by 
ASRD. 

Platygyrium repens (S3, Sensitive) 
Platygyrium repens is a small moss that occurs in flat glossy, almost blackish-green mats. Budlike brood 
branchlets (vegetative propagules) are crowded in the leaf axils. Leaves are 0.8-1.3 mm long, setae (stiff 
hairs) 10-25 mm long and capsules 1.5-2.2 mm long. Platygyrium repens grows on logs, stumps and on 
the trunk or bases of trees in dry wooded areas, moist hardwoods, wet coniferous or hardwood swamps 
(Crum and Anderson 1981). Platygyrium repens is ranked S3 in Alberta by ACIMS and Sensitive by 
ASRD. 

Ramalina intermedia (S2, May Be at Risk) 
Rock ramalina (Ramalina intermedia) is a pale yellow-green lichen with finely divided, flat branches 
1-3 cm long, narrowing to approximately 0.2 mm and typically curled at the ends. The apothecia 
(reproductive structures) are inconspicuous and rarely seen. Ramalina intermedia grows on rock faces 
and boulders in forests, but rarely on bark (Brodo et al. 2001). Ramalina intermedia is ranked S2 in 
Alberta by ACIMS and May Be at Risk by ASRD. 

Ramalina obtusata (S2) 
The branches of hooded ramalina (Ramalina obtusata) are broad, short and usually partly hollow. The 
branches are 1-2.5 cm long and 1.5-3 mm wide. The soralia (cracks where soredia are produced) are 
hood-shaped, giving this lichen its name. Ramalina obtusata grows on trees and rocks (Brodo et al. 
2001). Ramalina obtusata is ranked S2 in Alberta by ACIMS and Secure by ASRD. 

Riccardia species (S1 – S2S3) 
Riccardia is a genus of deep green thalloid liverworts that lack distinct leaves. The thallus is usually less 
than 2 mm wide, the upper surface is without markings or pores and lacks a midrib. Riccardia species 
grow in marshes and on wet soil (British Bryological Society 2010). Three of the four Riccardia species 
found in Alberta are tracked by ACIMS (the fourth being ranked SNR and therefore still potentially rare) 
and none are treated by ASRD. Due to the high likelihood of rarity within this genus, occurrences which 
could not be identified to species have been treated in the same manner as rare species. 

Riccardia palmata (S1)  
Riccardia palmata is a many-branched, dioecious (male and female reproductive structures are on 
separate individuals) liverwort. The thallus branches are 0.5 mm wide and resemble crowds of tiny, dull 
green hands. Riccardia palmata grows on rotting logs in humid woodlands (British Bryological Society 
2010). Riccardia palmata is ranked S1 in Alberta by ACIMS and is not treated by ASRD. 

Rinodina freyi (S1) 
Pepper-spore lichen (Rinodina freyi) is a crustose (completely attached to substrate) lichen that forms in 
small patches. The thalli are thin and can vary in colour from dark grey to grey-brown and can even be 
copper-brown in exposed habitats. The apothecia (reproductive structures) are frequent, dark brown to 
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black in colour and 0.4-0.6 mm in diameter (Sheard 2010). Pepper-spore lichen occurs mostly on the 
young branches of deciduous shrubs and trees, but also on twigs of conifers and occasionally on wood 
(i.e., fence posts) (Sheard 2010). Rinodina freyi is ranked S1 in Alberta by ACIMS and is not treated by 
ASRD. 

Scapania apiculata (S1) 
Scapania apiculata is a minute liverwort restricted to moist, decaying logs in forests (Schuster 1974, 
Damsholt 2002). The strongly ascending to erect, simple, green to yellowish-green plants (with brownish 
secondary pigmentation) are 1.8–3 mm high and 0.6–1.2 mm wide. Similar to Scapania glaucocephala 
(described below), the plants bear red gemmae (reproductive structures) that are ovoid to ellipsoid, but 
the gemmae are single-celled. Leaves have a keel 0.6–0.75 of the length of the ventral lobe that is 
straight to weakly concave. Leaf cells are thicker at the corners than at the sides. The uppermost leaves 
of plants bearing gemmae are undivided, almost round in shape and reduced in size (Schuster 1974, 
Damsholt 2002). Species often occurring with Scapania apiculata include Scapania glaucocephala, 
Anastrophyllum hellerianum and Cephalozia species (Schuster 1974). Scapania apiculata is found on 
moist rotting wood and humified peat (Steere and Inoue 1978). Scapania apiculata is ranked S1 in 
Alberta by ACIMS and is not treated by ASRD. 

Scapania glaucocephala (S2) 
Scapania glaucocephala is a minute, green, leafy liverwort with an ascending growth habit that occurs in 
small patches on decorticated (no bark) spruce and fir logs in humid coniferous forests (Schuster 1966-
1992). The plants grow 3 mm to 6 mm high and 1 mm to 1.5 mm wide, and often have an abundance of 
thick-walled, two-celled, ovoid to ellipsoidal, reddish-brown gemmae (vegetative propagules) at the leaf 
tips (Schuster 1966-1992, Damsholt 2002). Plants producing gemmae have leaves that are equally 
bilobed along a keel. However, when vegetative propagules are absent, the leaves of Scapania 
glaucocephala are subequal in size (Damsholt 2002). Scapania glaucocephala is ranked S2 in Alberta by 
ACIMS and is not treated by ASRD. 

Sclerophora species (SNR) 
Sclerophora species are fruticose (stalked or shrubby) microlichens, consisting of a basal crust and 
stalked apothecia (reproductive structures). Apothecial stalks are often semitranslucent or “glassy” in 
appearance. Apothecial stalks are 0.5–1.0 mm long (including heads) and 50–150 (–200) μm wide 
(excluding heads). Apothecial heads borne at stalk tips include a powdery spore mass that is pinkish 
brown or rusty brown, but are often obscured by a white, yellow, or violet pruina (powdery, frost-like 
deposit). Sclerophora species often grow over dry, sheltered bark of deciduous trees in humid sites. 
Sclerophora is restricted primarily to temperate latitudes. Sclerophora consists of six species worldwide, 
three of which have been reported for North America, including BC (Goward 1999) but not Alberta 
(ACIMS 2011a). The three species reported for North America (S. farinacea, S. nivea and S. peronella) 
are all ranked GNR globally. Sclerophora species are not ranked by ACIMS nor are they treated by 
ASRD. Due to the high likelihood of rarity within this genus, occurrences which could not be identified to 
species have been treated in the same manner as rare species. 

Sclerophora amabilis (SNR) 
Sclerophora amabilis is a yellowish fruticose (stalked or shrubby) lichen that consists of a basal crust and 
stalked apothecia (reproductive structures). The apothecia are approximately 0.5-1.0 mm tall and topped 
by a globular powdery spore mass. Sclerophora amabilis grows over dry, sheltered bark of deciduous 
trees in humid sites (Goward 1999). Sclerophora amabilis is not ranked by ACIMS nor is it treated by 
ASRD. 

Sphinctrina anglica (SNR) 
Sphinctrina anglica is a pin lichen that is parasitic on other crustose (completely attached to substrate) 
lichens (the crustose lichens grow over wood). Its stalk is extremely short (<0.5 mm), about as long as the 
capitulum (tiny spherical or cup-shaped apothecium formed at the summit of a slender stalk that 
resembles a pinhead) and is pale or dark gray to black. Its spores are 8-10 μm in diameter. Sphinctrina 
anglica is widespread (Brodo and Aptroot 2005) (Brodo et al. 2001); however, it is ranked GNR globally 
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as distribution data is known to be incomplete and not reviewed (NatureServe 2011b). Sphinctrina anglica 
is not ranked in Alberta by ACIMS and is not treated by ASRD. 

Splachnum species (S2-S3) 
Splachnum mosses grow as short, shiny, light to dark green tufts that are not obvious without the 
sporophytes (reproductive structures). They are characteristic for their showy capsules, which range from 
red or yellow umbrellas to globe-shaped or pink with an inflated neck. Their spores are dispersed by flies 
which are attracted by odours emitted by the mosses and land on the capsules. Splachnum mosses grow 
only on animal dung (mostly moose) in fens and bogs across the boreal forest (Schofield 1992, Vitt et al. 
1988). All five Splachnum species found in Alberta are tracked by ACIMS, and three of them are listed as 
Sensitive by ASRD. Occurrences which could not be identified to species have been treated in the same 
manner as rare species. 

Splachnum ampullaceum (S2) 
Flagon-fruited splachnum (Splachnum ampullaceum) grows as short, shiny, light to dark green tufts that 
are not obvious without the sporophytes (reproductive structures). The sporophytes are 1-3 cm tall and 
topped with a pale yellow to pink capsule that has a characteristically swollen neck (British Bryological 
Society 2010). Splachnum ampullaceum grows on moose dung in fens and bogs across the boreal forest, 
often with other Splachnum species (Schofield 1992, Vitt et al. 1988). Splachnum ampullaceum is ranked 
S2 in Alberta by ACIMS and Secure by ASRD. 

Splachnum luteum (S3, Sensitive) 
Yellow collar moss (Splachnum luteum) grows as short, shiny, light to dark green tufts that are not 
obvious without the sporophytes. The sporophytes are 5-10 cm tall and topped with a pale yellow 
umbrella-shaped capsule. Splachnum luteum grows on moose dung in fens and bogs across the boreal 
forest, often with other Splachnum species (Schofield 1992, Vitt et al. 1988). Splachnum luteum is on the 
Tracking list and is ranked S3 in Alberta by ACIMS, and ranked Sensitive by ASRD. 

Splachnum rubrum (S3, Sensitive) 
Red collar moss (Splachnum rubrum) grows as short, shiny, light to dark green tufts that are not obvious 
without the sporophytes. The sporophytes are 2-15 cm tall and topped with a purple-red umbrella-shaped 
capsule. Splachnum rubrum grows on moose dung in fens and bogs across the boreal forest, often with 
other Splachnum species (Schofield 1992, Vitt et al. 1988). Splachnum rubrum is on the Tracking list and 
is ranked S3 in Alberta by ACIMS, and ranked Sensitive by ASRD. 

Stenocybe pullatula (S2S4)  
Stenocybe pullatula is a minute pin fungus that grows on the stems of river alder (Alnus incana) near 
rivers and creeks. This unlichenized fungus probably has a wide range across northern Alberta and is 
overlooked owing to its diminutive size, generally less than 1 mm tall. It can be recognized by its 
branched apothecia (reproductive structures) with narrow heads (Goward 1999, Tibell 1999). Stenocybe 
pullatula is ranked S2S4 in Alberta by ACIMS and is not treated by ASRD. 

Usnea chaetophora (SNR) 
The main basal branches of the lichen Usnea chaetophora become dark reddish brown and often show 
black blotches. Usnea chaetophora grows on the branches of exposed hardwood and coniferous trees 
(Brodo et al. 2001). Usnea chaetophora is not ranked in Alberta by ACIMS and GU globally. Usnea 
chaetophora is not treated by ASRD. 

Usnea filipendula (S3, Sensitive) 
Fishbone beard lichen (Usnea filipendula) is a shrubby, filamentous yellowish green lichen. The hanging 
thallus is commonly 20 cm long or more with several slender branches, 0.3-1 mm thick. Many of the side 
branches are distinctly blackened at the base. Branch surfaces are abundantly papillate with tall 
cylindrical papillae (bumps). Usnea filipendula grows in forests mainly on spruce trees (Brodo et al. 2001). 
Usnea filipendula is ranked S3 in Alberta by ACIMS and Sensitive by ASRD. 
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Usnea glabrata (S3, Sensitive) 
Lustrous beard lichen (Usnea glabrata) is a shrubby, filamentous yellowish green lichen. Its branches are 
round or angular in cross section and contain a central cartilaginous core of supporting tissue. The thallus 
forms short shrubby tufts with a black base, the smooth branches are inflated but constricted at the base. 
It grows on the branches and twigs of deciduous trees and conifers (Brodo et al. 2001). Usnea glabrata is 
ranked S3 in Alberta by ACIMS and Sensitive by ASRD. 
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RARE ECOLOGICAL COMMUNITY AND RARE PLANT POPULATION DISCOVERY 
CONTINGENCY PLAN 

 
Vegetation Issue Recommended Mitigation 

Rare Ecological Communities • Rare ecological community surveys of the proposed Project Area will be included in the PDAs for each Project component. 
• Protection measures and environmental management techniques for rare ecological communities will be determined following an assessment of the community, which will take into account the 

following site-specific conditions and community sensitivity criteria: 
- community extent and abundance in the local area; 
- the relative rarity of the community (i.e., as indicated by its provincial [S] rank); 
- the growth form, primary mode of species reproduction and mode and magnitude of seed/spore dispersal of the component plant species; 
- construction activity timing; 
- the location of the community with respect to the proposed disturbance; 
- the proportion of the community expected to be impacted; 
- the site preferences of the community and/or its component plant species; 
- expected or known sensitivity or resilience to disturbance of the community and/or its component plant species; and 
- past mitigation success of the community or similar communities.  

• Assessment and mitigation for rare ecological communities will include the following steps:  
- Consult with ACIMS to verify the community’s ranking and known distribution within the province, if required. 
- Consult with vegetation specialists regarding preferred or recommended mitigation measures for the community. 
- Stake, flag or otherwise delineate rare ecological communities to avoid accidental encroachment. 
- Restrict general application of herbicide near all rare ecological communities. 
- PCM of rare ecological community occurrences may be recommended to monitor the effectiveness of mitigative efforts. 

• Mitigative measures for rare ecological communities generally fall into categories of avoidance and reducing disturbance. The recommended mitigation strategy for rare ecological community 
occurrences may include the following suite of mitigative measures and options, in order of preference. One or more options may be used at a site.  
- adjust workspace locations or realign Multi-Use Corridor to avoid the site; 
- adjust transmission tower and above ground pipeline footings placement to avoid the site; 
- narrow down or re-orient the proposed area of disturbance and protect the site using fencing or clearly mark the site using flagging and inform all users of access restrictions in the 

vicinity of flagged or fenced sites, in the event that the community can be fully protected during and after construction, or if a viable, self-sustaining community occurs beyond the area to 
be disturbed; 

- avoid or reduce clearing of trees or shrubs in vicinity of the site; 
- reduce grubbing of roots in shrubby communities within temporary workspace areas, where feasible; 
- mow or walk down rather than wholly remove shrubs, where feasible; 
- leave gaps in the strippings piles or spoil piles to avoid the community;  
- use protective matting and/or snow during the winter to mat over the community where it occurs, and other areas where surface disturbance is not required, to protect communities from 

scraping and compacting; 
- conduct native seed collection for use in revegetation efforts at the site;  
- consider employing appropriate salvage, propagation and transplant techniques for component species; and / or 
- consider delaying clearing until absolutely necessary to allow seed set and to limit drying of the soils. 

• Final decisions on mitigative measures will be made by BlackPearl in consultation with vegetation specialist and, where appropriate, the land authority. 
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Vegetation Issue Recommended Mitigation 
Rare Vascular Plant Species • Rare plant surveys on the Project Area will be included in the PDAs for each Project component. 

• Protection measures and environmental management techniques for rare plant populations will be determined following an assessment of the population, which will take into account the 
following site-specific conditions and species sensitivity criteria: 
- population size and abundance of the plant in the local area; 
- the relative rarity of the plant (i.e., as indicated by its provincial [S] rank); 
- the growth form of the plant (e.g., annual, biennial, perennial, aquatic, tree, shrub); 
- construction activity timing; 
- the location of the population or plant with respect to the proposed disturbance; 
- the primary mode of species reproduction (e.g., spores, seeds, rhizomes, suckering/spreading, vegetative propagules); 
- the mode and magnitude of seed/spore dispersal; 
- the proportion of the population expected to be impacted; 
- the habitat preferences of the plant; 
- the proximity of available habitat (based on similarity of habitats to the habitat of the rare plant occurrence); 
- expected or known sensitivity or resilience to disturbance of the plant; 
- past mitigation success of the species or similar species; and 
- expected or known population viability/sustainability (both pre-construction and post-construction). 

• Assessment and mitigation for rare plant populations will include the following steps:  
- Consult with ACIMS to verify the species’ ranking and known distribution within the province, if required. 
- Consult with vegetation specialists regarding preferred or recommended mitigation measures for the species. 
- Stake, flag or otherwise delineate rare plant populations prior to construction to avoid accidental encroachment. 
- Restrict general application of herbicide near all rare plant populations. 
- PCM of rare plant occurrences may be recommended to monitor the effectiveness of mitigative efforts. 

• Mitigative measures for rare plant populations generally fall into categories of avoidance, reducing disturbance and alternative reclamation techniques. 
• Where the Project encounters rare plant species ranked S1 or S1S2 or species that are protected under provincial or federal legislation, complete avoidance is preferred. The following mitigative 

measures may be utilized to avoid the population: 
- adjust workspace locations or realign Multi-Use Corridor to avoid the site; 
- adjust transmission tower placement or above ground pipeline footings to avoid the site; or 
- bore under the site to avoid or reduce impact on the site and provide alternative measures for equipment to travel past the area of concern (e.g., protection matting, snow during the 

winter, drive around). 
• In the event that complete avoidance is not feasible, or where the Project encounters rare plant species ranked S2, S2S3, S1S3, S3, SNR, SH or SU, the recommended mitigation strategy may 

include the following options, in order of preference. One or more options may be used at a site. 
- narrow down or re-orient the proposed area of disturbance and protect the site using fencing or clearly mark the site using flagging and inform all users of access restrictions in the 

vicinity of flagged or fenced sites, in the event that the species can be fully protected during and after construction, or if a viable, self-sustaining population occurs beyond the area to be 
disturbed; 

- leave gaps in the strippings piles or spoil piles to avoid the site; 
- use protective matting and/or snow during the winter to mat over the population where it occurs on the Project Area; and other areas where topsoil removal is not required, to protect 

vegetation from scraping and compacting; and / or 
- propagate rare plants via vegetative or reproductive means (e.g., harvesting of seed, salvaging and transplanting portions of sod and surrounding vegetation or collecting of cuttings) and 

transplant at suitable receiving sites. 
• Final decisions on mitigative measures will be made by BlackPearl in consultation with botanical experts and, where appropriate, the land authority. 
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Vegetation Issue Recommended Mitigation 
Rare Nonvascular Plant Species • Project Area specific rare plant surveys will be included in the PDAs for each Project component. Where identifiable rare nonvascular species were previously observed, the populations will be 

assessed and reported in the same manner as vascular species during the PDA. Where previously recorded rare nonvascular occurrences are located on or near the Project component or 
where it has been determined that the there is high potential habitat for rare nonvascular plants on or near the Project component, nonvascular plants will be collected for species confirmation 
during the rare plant surveys for the PDA. 

• Protection measures and environmental management techniques for rare nonvascular plant populations will be determined following an assessment of the population, which will take into 
account the following site-specific conditions and species sensitivity criteria: 
- population size and abundance in the local area; 
- the relative rarity of the plant; 
- the growth form or type of plant (e.g., lichen, moss, liverwort, aquatic, floating); 
- construction activity timing; 
- the location of the occurrence with respect to the proposed disturbance; 
- the primary mode of species reproduction (e.g., spores, vegetative propagules); 
- the proportion of the population expected to be impacted; 
- the habitat/substrate preferences of the plant; 
- the proximity of available habitats/substrates (based on similarity to the habitat/substrate of the observed occurrence); 
- expected or known sensitivity or resilience to disturbance of the plant; 
- past mitigation success of the species or similar species; and 
- expected or known population viability/sustainability (both pre-construction and post-construction). 

• Assessment and mitigation for rare nonvascular plant populations will include the following steps in all cases:  
- Consult with ACIMS to verify the species’ ranking and known distribution within the province, if required. 
- Where the species is identified as a result of a collection, the area should be revisited by a vegetation specialist to further delineate the population prior to finalizing mitigation. 
- Consult with vegetation specialists regarding preferred or recommended mitigation measures for the species. 
- Stake, flag or otherwise delineate observed rare nonvascular plant locations prior to construction to avoid accidental encroachment. 
- Restrict general application of herbicide near all rare nonvascular plant populations. 
- PCM of rare nonvascular plant occurrences may be recommended to monitor the effectiveness of mitigative efforts.  

• Mitigative measures for rare plant populations generally fall into categories of avoidance, reducing disturbance and alternative reclamation techniques. 
• Where the Project encounters rare nonvascular plant species ranked S1 or S1S2 or species that are protected under provincial or federal legislation, complete avoidance is preferred. The 

following mitigative measures may be utilized to avoid the population: 
- adjust workspace locations or realign Multi-Use Corridor to avoid the site; 
- adjust transmission tower placement or above ground pipeline footings to avoid the site; or 
- bore under the site to avoid or reduce impact on the site and provide alternative measures for equipment to travel past the area of concern (e.g., protection matting, snow during the 

winter, drive around). 
• In the event that complete avoidance is not feasible, or where the Project encounters rare plant species ranked S2, S2S3, S1S3, S3, SNR, SH or SU, the recommended mitigation strategy may 

include the following options, in order of preference. One or more options may be used at a site. 
- narrow down or re-orient the proposed area of disturbance and protect the site using fencing or clearly mark the site using flagging and inform all users of access restrictions in the 

vicinity of flagged or fenced sites; 
- leave gaps in the strippings piles or spoil piles to avoid the site; 
- use protective matting and/or snow during the winter to mat over the population where it occurs on; and other areas where surface disturbance is not required; 
- transplanting or propagating by a variety of means which may include: 

o re-location of substrates (e.g., decayed logs, portions of logs, individual branches, bark disk transplants, soil crusts); 
o re-location of portions of the plants (e.g., lichen pendants, moss peds, liverwort thalii); or 
o inoculation using vegetative fragments. 

- where transplanting is utilized, the location (e.g., aspect and vertical position) and habitat (e.g., substrate, light and humidity conditions) of the receiving sites should emulate conditions at 
the transplant source location, to the extent feasible. 

• Final decisions on mitigative measures will be made by BlackPearl in consultation with vegetation specialists and, where appropriate, the land authority. 
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2.0 WILDLIFE ASSESSMENT 

2.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is submitting an Integrated Application to the Alberta Energy 
Resources Conservation Board (ERCB) and Alberta Environment and Water (AEW) for approval to 
construct, operate and reclaim an in-situ steam assisted gravity drainage (SAGD) bitumen recovery 
project. A comprehensive Environmental Impact Assessment (EIA) has been prepared as part of the 
Integrated Application. This Section addresses wildlife resources and was prepared by TERA 
Environmental Consultants (TERA).  

The proposed Blackrod Commercial SAGD Project (the Project) is located on Crown land east of the 
Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km northwest of 
the Hamlet of Wandering River, Alberta (Figure 2.1-1). The Project is expected to be developed in three 
phases (Figure 2.1-2) over an estimated 30 year period with the initial phase producing 20,000 barrels 
per day (bbl/d) of crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final 
production capacity of 80,000 bbl/d. The proposed development will have a central processing facility 
(CPF) and is expected to have up to 69 well pads over the life of the Project. The Project is accessible 
from Highway 63 using an existing access road. 

2.2 Terms of Reference 

This wildlife assessment was conducted according to the final Terms of Reference (TOR) issued by 
Alberta Environment and Water (AEW 2012). The complete Project TOR Concordance Table is provided 
in Volume 1. The specific requirements for wildlife are provided in Table 2.2-1 below. The wildlife 
assessment also considered Sections 8.0 (Mitigation Measures), 9.0 (Residual Impacts) and 10.0 
(Monitoring) of the Project TOR. 

TABLE 2.2-1 
 

TERMS OF REFERENCE FOR WILDLIFE 

Baseline Information 
[A]  Describe and map the wildlife resources (amphibians, reptiles, birds and terrestrial and aquatic mammals) and their use and potential use of habitats.  Also 

identify any species that are: 
a) listed as “at Risk, May be at Risk and Sensitive” in the General Status of Alberta Wild Species (Alberta Sustainable Resource Development); 
b) listed in Schedule 1 of the federal Species at Risk Act; 
c) listed as “at risk” by COSEWIC; and 
d) traditionally used species. 

[B]  Describe and map existing wildlife habitat and habitat disturbance (including exploration activities).  Identify those habitat disturbances that are related to 
existing and approved Project operations. 

Impact Assessment 
[A] Describe and assess the potential impacts of the Project to wildlife and wildlife habitats, considering: 

a) how the Project will affect wildlife relative abundance, habitat availability, movement patterns, and distribution for all stages of the Project; 
b) how improved or altered access may affect wildlife and facilitate predator movement; 
c) how increased habitat fragmentation may affect wildlife considering edge effects and the influence of linear features and infrastructure on wildlife 

movements; 
d) the spatial and temporal changes to habitat availability and habitat effectiveness (types, quality, quantity, diversity and distribution); 
e) potential effects on wildlife resulting from changes to air and water quality, including both acute and chronic effects to animal health; 
f) potential effects on wildlife from the Proponent’s proposed and planned exploration, seismic and core hole activities, including monitoring/4D 

seismic; and 
g) the resilience and recovery capabilities of wildlife populations and habitats to disturbance. 

[B] Identify the key wildlife and habitat indicators used to assess Project impacts.  Discuss the rationale for their selection. 
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2.3 Assessment Approach 

2.3.1 Objectives 

The objective of the Wildlife Assessment is to describe the existing wildlife resources (Baseline Case) in 
the local and regional study areas, predict and assess potential effects of the Project on wildlife 
resources, taking into consideration proposed mitigation measures to reduce or avoid potential effects of 
the Project, and assess cumulative effects considering existing, approved and planned developments in 
the region. 

Baseline studies to collect information on existing wildlife resources were conducted for the Project in 
2010 and 2011. The results of these studies and a review of existing local and regional information are 
provided in Appendices 2A (potential species with special conservation status in the RSA) and 
2B (Wildlife Baseline Report). The Wildlife Assessment uses the wildlife baseline information and the 
Project description to: 

• identify relevant wildlife indicators; 

• develop appropriate technically and economically feasible mitigation; and 

• identify and evaluate residual cumulative effects associated with each wildlife indicator, including a 
determination of significance of potential residual effects after taking into consideration proposed 
mitigation. 

2.3.2 Spatial Boundaries 

The spatial boundaries considered for the Wildlife Assessment include: 

• the Project Area, which is defined as the area directly disturbed by Project activities;  

• two Wildlife Local Study Areas (LSA); 

• the Wildlife Regional Study Area (RSA); and 

• the Caribou Regional Study Area (CRSA). 

2.3.2.1 Local Study Areas 

The LSA encompasses the Project Area and extends beyond it to include the surrounding area where 
there is a reasonable potential for Project-specific effects to occur, including sensory effects, zones of 
influence and changes in habitat suitability or effectiveness. The LSA varies with the wildlife indicator 
being evaluated, based on factors relevant to the indicator being considered (e.g., documented zones of 
influence or sensitivity to human disturbance, species mobility, seasonal movements, home range sizes). 
One of two LSA boundaries (either 1 km or 300 m buffer around the Project Area) was selected for the 
assessment of each wildlife indicator (Figure 2.3-1). Refer to Section 2.3.5 for further information on 
indicator selection and the LSA boundaries selected. 

2.3.2.2 Regional Study Areas 

The RSA (Figure 2.3-2) encompasses the Project Area, LSA and the broader surrounding area where 
there is potential for cumulative and/or wider-spread Project effects. The RSA was delineated 
considering:  

• areas where Project-specific effects could overlap in time and space with other activities for species 
with large home ranges (e.g., moose); 

• changes in vegetation; 
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• geological features that represent potential local population boundaries (e.g., watercourses, 
topographic features); 

• boundaries of provincially identified wildlife habitats (e.g., caribou ranges, Key Wildlife and 
Biodiversity Zones); and  

• human land use features that potentially affect wildlife movement patterns or habitat use 
(e.g., Highway 63) and thereby represent potential local population boundaries. 

No effects on wildlife are expected to occur as a result of the Project, independently or in conjunction with 
other existing and known future developments, outside of the RSA. 

Regional effects on woodland caribou, boreal ecotype (hereafter “woodland caribou”) were assessed at 
the scale of the Wandering and Agnes caribou herd boundaries (CRSA) (Figure 2.3-3), which is the 
spatial scale at which woodland caribou management occurs. Indirect effects of the Project are unlikely to 
interact with other existing and known future developments and activities to affect woodland caribou 
beyond the Wandering and Agnes caribou ranges. 

2.3.3 Temporal Boundaries 

The temporal boundary for the Wildlife Assessment was defined by the life span of the Project, which 
includes the construction, operation, decommissioning and reclamation, and closure phases. The Project 
will be constructed and operated in a series of phases. However, the effects assessment considers either 
that the entire Project is undeveloped, developed or reclaimed. This results in a conservative evaluation 
so that effects are not underestimated. Construction is scheduled to commence in 2013 and operations in 
2015. The expected life of the Project (i.e., operation phase) is 30 years. Based on this scenario, the 
operational phase of the Project would extend from 2015 to 2045 with final reclamation estimated to be 
completed in 2050. The closure phase extends 30 years beyond the completion of reclamation activities 
in 2050, after all facilities and infrastructure have been decommissioned and removed, and all applicable 
mitigation measures (e.g., reclamation) are implemented, to 2080. The closure phase assumes all 
reclamation activities have been completed and successional trajectories have been established that will 
return sites to pre-disturbance ecosite phases or prescribed reclamation conditions (target end land use). 

Further details regarding Project scheduling and timing are provided in Volume 1, Section 1.6. 

Existing conditions described in the Baseline Case are used as the basis of comparison for the 
assessment of the Application Case and Planned Development Case (PDC). 

2.3.3.1 Baseline Case 

The temporal scope of the Baseline Case is defined as the current conditions including existing 
anthropogenic disturbance (e.g., transportation, oil and gas exploration and development, timber harvest) 
as of February 2012. Resource delineation disturbances for the Project (e.g., seismic lines, BlackPearl 
SAGD Pilot Project [Pilot Project], oil sands exploration [OSE] wells and access) completed or approved 
as of February 2012 are included in the Baseline Case. 

2.3.3.2 Application Case 

Project effects are assessed by comparing the Application Case to the Baseline Case. The assessment 
period for the Application Case includes construction, operation, decommissioning and reclamation 
phases for the Project. Closure phase is considered for changes in habitat types within the LSA and RSA. 
Although the Project will be constructed and operated in a series of phases, the Application Case was 
assessed as a maximum disturbance scenario that assumes all phases of the Project are constructed 
and operational at the same time. This approach results in a conservative evaluation of effects. 
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2.3.3.3 Planned Development Case 

Cumulative effects of existing disturbances and activities, the Project and known future developments are 
assessed by comparing the PDC to the Baseline Case. The assessment period for the PDC includes the 
construction, operation and decommissioning and reclamation phases for the Project (as in the 
Application Case), as well as equivalent project phases of existing, approved and planned (publicly 
disclosed as of February 2012) projects and activities (refer to inclusion list in the Introduction and 
Assessment Methods [Volume 2, Section 1.0]). Closure phase is considered for changes in habitat types 
within the LSA and RSA. Since the PDC includes projects that have not yet received approval, the scope 
and size of future developments are expected to change. The PDC assessment is considered 
conservative since the identified future developments may or may not proceed. A PDC assessment is 
only completed for an indicator when the Application Case assessment indicates the Project is likely to 
have an effect (i.e., there is high probability that the Project will interact with other developments to have 
a cumulative effect on the indicator). 

2.3.4 Issues 

The Project TOR (AEW 2012) identifies several issues to be included in the assessment of wildlife and 
wildlife habitat: changes in wildlife relative abundance; habitat availability; movement patterns; 
distribution; and health. Section 3.7.2 of the Project TOR lists potential interactions of the Project with 
wildlife and wildlife habitat that must be considered to address the identified issues, including: improved 
or altered access and facilitation of predator movement; increased habitat fragmentation and edges; 
development of linear features and infrastructure that may influence wildlife movement; spatial and 
temporal changes to habitat availability and effectiveness; and changes to air and water quality. Effects 
on wildlife abundance resulting from the Project and other developments in the region were an identified 
concern raised during consultation with stakeholders (Volume 1, Section 2.0). Additional concerns raised 
included wildlife movement, especially related to above-ground pipelines, cumulative effects on caribou, 
and monitoring. 

The identified issues assessed for wildlife in this EIA are consistent with those identified in the Project 
TOR (AEW 2012) and by stakeholders and regulators. They include wildlife habitat availability and 
effectiveness, wildlife movement, and wildlife health and mortality risk, all of which have potential to affect 
wildlife abundance and traditional use. Consistent with the Project TOR, the issues are addressed for all 
stages of the Project, which includes exploration, testing and monitoring activities (e.g., seismic, core 
holes), as well as construction, operation, maintenance, decommissioning and reclamation. The following 
subsections discuss the identified issues in more detail. An inclusion list of the existing, approved and 
planned projects and activities considered within each assessment case is provided in Volume 2, 
Section 1.0. 

2.3.4.1 Traditional Ecological Knowledge 

The potential impacts to wildlife associated with the construction and operation of the Project were 
identified by the participating Aboriginal communities, the Aboriginal engagement team and the field 
survey team, and are provided in the Traditional Ecological Knowledge (TEK) and Land Use Assessment 
(Volume 5, Section 3.0). 

The most consistent issue identified by the participants relating to wildlife focused on increasing 
development in general within the Fort McMurray region, and the implications for potential adverse 
impacts on wildlife. The following additional issues were identified by participants during the field survey 
discussions relating to wildlife: 

• displacement of wildlife, especially caribou, during construction and operation of the Project; 

• further engagement with participating Aboriginal communities to discuss final facility siting is 
requested;  

• new access and clearing will impact overall game numbers due to increased hunting access and 
poaching; and 
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• participants have recommended avoidance of the lick at 14-30-76-17 W4M since mineral licks are 
fairly uncommon on these lands. 

Participants have not recommended any other site-specific mitigation measures for the Project related to 
wildlife resources.  

Mitigation measures to reduce the potential effects from the construction and operation of the Project on 
wildlife and recommended from the TEK program have been incorporated in Section 2.6.1 of this 
assessment and the TEK and Land Use Assessment (Volume 5, Section 3.0). Mitigation includes 
reclamation of the Project Area following decommissioning. 

2.3.4.2 Habitat Availability and Effectiveness 

Changes in habitat availability and effectiveness will result from the Project. Clearing of vegetation and 
soil removal will result in direct habitat loss (i.e., reduced habitat availability). Indirect habitat loss occurs 
when habitat is available but the quality or effectiveness of the habitat is changed such that wildlife avoid 
the habitat or reduce their use of it. Reduced habitat effectiveness can occur as a result of fragmentation, 
creation of edges, or sensory disturbance (e.g., noise, artificial light, proximity to facilities and 
infrastructure, human activity and traffic). Habitat fragmentation can cause habitat to become unsuitable 
for species with large territories or home ranges, alter predator-prey dynamics and allow for increased 
invasive or parasitic species abundance (e.g., cowbird parasitism of songbird nests near forest edges). 
Changes in habitat suitability may also result from changes in vegetation communities due to increased 
light penetration at clearing edges, or from changes in water quality (e.g., siltation, deposition of airborne 
contaminants). Habitat loss and reduced habitat effectiveness can cause displacement of wildlife, and 
potentially resultant use of less suitable habitat, reduced foraging ability (Bird et al. 2004), increased 
energy expenditure (Jalkotzy et al. 1997) and lower reproductive success (Habib et al. 2007). 

During the consultation process for the Project, stakeholders expressed concern that the Project and 
cumulative impacts from other developments in the region may affect species that are sensitive to 
development (e.g., marten) and wildlife may be displaced as a result of reduced habitat effectiveness. 

2.3.4.3 Wildlife Movement 

Infrastructure and facilities associated with in-situ oil sands developments (e.g., seismic lines, roads, 
powerlines, above-ground and buried pipelines, processing facilities) can alter wildlife movement by 
reducing habitat connectivity and creating barriers or filters to movement. A disturbance is considered a 
barrier when no movement occurs across it, or a filter if the rate of movement through the disturbance is 
less than it would be through intact habitat (Jalkotzy et al. 1997). Habitat fragmentation results when 
barriers to movement cause functional separation of habitats (Jalkotzy et al. 1997). 

Wildlife movement patterns vary between species, with species-specific attributes such as size and life 
stage, and other factors such as time of day and season. Many species will alter their movements to 
avoid areas with high levels of human activity and development. However, some species may be less 
affected by anthropogenic disturbance and use established trails that are habitually used for movement, 
regardless of proximity to human activity and development. In some cases, linear developments have 
been shown to block, delay or deflect ungulate movements, potentially restricting or reducing access to 
some parts of their range (Harper et al. 2001). Roads have been shown to act as barriers to caribou 
movement (Dyer et al. 2002). Studies on small mammal movements in the boreal forest have concluded 
that pipeline rights-of-way may act as barriers or filters to movement of flying squirrels, red squirrels and 
marten (Marklevitz 2003). Changes in movement patterns can also occur since some wildlife species may 
be attracted to linear corridors as travel routes. For example, wolverines have been found to diverge from 
their line of travel under forest cover when linear corridors with compacted snow were encountered, in 
order to follow the linear corridors, which provided easier travel routes (Wright and Ernst 2004). Changes 
in movement patterns may also occur as some species are attracted to early seral vegetation in 
regenerating areas. Species that prefer edges and habitat generalists are most likely to use disturbed 
areas (Jalkotzy et al. 1997). 
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2.3.4.4 Wildlife Health and Mortality Risk 

The Project has potential to directly increase wildlife health and mortality risk as a result of exposure to 
contaminants, wildlife collisions with vehicles or equipment due to increased traffic and construction 
equipment, loss or disruption of habitat (e.g., clearing and soil handling may destroy nests, dens 
hibernacula, overwintering sites, etc.), and control of animals at facilities (e.g., animals such as black 
bears may be destroyed if human safety or attraction to Project facilities becomes a problem).  

The Project may indirectly affect wildlife health and mortality risk as a result of sensory disturbance (i.e., 
reduced health due to stress caused by industrial noise and activity) or increased access and mobility of 
predators or hunters and trappers. Linear corridors can increase the risk of mortality for some species by 
improving access and increasing sight-lines, which can lead to increased predator numbers and 
efficiency. Studies have found that linear corridors are attractive to predators as easy travel routes 
(Thurber et al. 1994, Stuart-Smith et al. 1997, James 1999) and may affect predator-prey dynamics 
(Bergerud et al. 1984, Edmonds and Bloomfield 1984, Rohner and Kuzyk 2000). In northeastern Alberta, 
James (1999) found that wolves traveled 2.9 times faster on linear corridors. Higher rates of travel may 
increase the encounter rates between predators and their prey, resulting in more frequent kills. Wolf 
hunting behaviour is suggested to potentially change when landscapes are altered by industrial 
development, which may affect predation risk (Kuzyk 2002).  

Similarly, linear corridors potentially affect wildlife mortality risk from trapping, hunting and poaching due 
to road development, since these activities are often associated with roads or other linear corridors that 
create access (Wiacek et al. 2002, Collister et al. 2003). During the consultation process for the Project, 
stakeholders expressed concern that recreational hunting in the area might increase as a result of 
construction personnel, who would be familiar with the area as a result of working on the Project, 
returning after their contracts are complete. 

Project emissions may affect local air quality and cause atmospheric deposition of contaminants to 
terrestrial and aquatic habitats. Changes in air, water and terrestrial habitat quality can affect wildlife 
health. Wildlife species dependent on aquatic habitats (e.g., amphibians, bird species that rely on aquatic 
invertebrates as a primary food source) are vulnerable to changes in water quality, while reduced forage 
quality may affect herbivores and species that prey on them. Contaminated water or forage may have 
acute and/or chronic effects on wildlife health, depending on the severity of the contamination, and in 
extreme cases may increase wildlife mortality risk.  

Species that occur at low densities and/or have low recruitment rates are particularly vulnerable to 
population decline and extirpation (Caughley 1994). 

2.3.5 Indicator Selection 

Narrowing the issues assessed and selecting indicators that reflect Project issues, public and regulator 
interests is an accepted approach used to focus impact assessments on issues that are non-trivial 
(Hegmann et al. 1999, Hegmann et al. 2002, Finely and Revel 2002, Antoniuk 2000, Antoniuk 2002). It is 
common practice in conservation biology to use focal or indicator species to illustrate a response to 
environmental changes that may apply to other species with similar ecological requirements (Niemi and 
McDonald 2004, Noss 1990). Beanlands and Duinker (1983) suggest that ecological scoping by way of 
studying indicators to allow useful predictions to be made for other valued ecosystem components is a 
useful tool in environmental impact assessments that considers practical constraints posed by time 
limitations, natural variability, the state of ecological knowledge and the scientific tools available. 

In order to focus the assessment of Project effects, wildlife indicators were selected that represent 
broader species groups or key habitats (Table 2.3-1). Wildlife indicator species selection was based on 
several criteria, including: 

• species ranges and preferred habitat overlap with the RSA and, therefore, the species may interact 
with the Project; 

• species with special conservation status: listed in Alberta as At Risk, May Be At Risk, or Sensitive 
(Alberta Sustainable Resource Development [ASRD] 2011b); listed on Schedule 1 of the Species at 
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Risk Act (SARA); or listed by the Committed on the Status of Endangered Wildlife in Canada 
(COSEWIC) as Endangered, Threatened or Special Concern (COSEWIC 2012); 

• priority indicator species or community identified by the Cumulative Environmental Management 
Association (CEMA 2002); 

• species with human importance (i.e., high commercial or subsistence value, important to Aboriginal 
communities and traditional way of life, and/or there are social or political initiatives for active 
management and conservation); 

• environmental indicators (i.e., species that require specific habitat features and can provide an 
indication of ecological change due to their sensitivity to habitat changes); 

• species that are representative of a species group due to similar habitat requirements, or species that 
are representative of predominant habitats within the RSA and LSA; 

• keystone species (i.e., species that have a considerable influence on the structure of an ecological 
community); and 

• availability of existing literature, baseline data, analysis tools and/or established or accepted 
thresholds by which to complete a meaningful quantitative and/or qualitative assessment. 

TABLE 2.3-1 
 

WILDLIFE INDICATORS AND SELECTION RATIONALE 

Wildlife Indicator Rationale 
beaver • species status (CEMA Sustainable Ecosystems Working Group [SEWG] Priority 2 wildlife indicator) 

• human importance (managed as a furbearing species; traditional and cultural value for Aboriginal communities) 
• keystone species (beaver structures and ponds have considerable effects on the ecological structure; many other species rely 

either partly or entirely on habitat created by beaver ponds) 
• representative of wetland and riparian species 

black bear • species status (identified by CEMA SEWG as a Priority 2 wildlife indicator) 
• human importance (managed as a furbearing species; traditional and cultural value for Aboriginal communities) 
• although they may be negatively impacted by development, they are capable of adapting to disturbance; human-bear conflict is a 

concern 
fisher • species status (listed as Sensitive by ASRD; CEMA SEWG Priority 1 wildlife indicator) 

• human importance (managed as a furbearing species) 
• environmental indicator (requires mature forests with high canopy closure and riparian areas; sensitive to forest clearing) 
• representative of species requiring mature, coniferous forest habitat 

lynx/snowshoe 
hare 

• species status (Canada lynx [lynx] are listed as Sensitive by ASRD; CEMA SEWG Priority 1 wildlife indicator) 
• human importance (managed as a furbearing species; traditional and cultural value for Aboriginal communities) 
• environmental indicator (obligate predator/prey relationship with cyclic population fluctuations; requires coniferous forest with dense 

shrub understory; sensitive to forest clearing) 
• representative of species requiring coniferous and conifer dominated mixedwood forests 

moose • species status (CEMA SEWG Priority 1 wildlife indicator) 
• human importance (managed as a game species; traditional and cultural value for Aboriginal communities) 
• changes in populations of this prey species could affect large carnivore species and alternate prey species (e.g., other ungulates, 

snowshoe hare) 
• representative of ungulates and upland forest habitat 

northern goshawk • species status (listed as Sensitive by ASRD) 
• representative of the Mixedwood Forest Bird Community (CEMA SEWG Priority 2 wildlife indicator) 
• environmental indicator (requires mature to old forest; sensitive to forest clearing, industrial development and human encroachment 

on nesting habitat) 
old-forest bird 
community 

• species status (identified by CEMA SEWG as a Priority 1 wildlife indicator; the species group includes several species with federal 
or provincial conservation status that were identified in the LSA during baseline field surveys; the species group includes several 
warblers, which were identified by ASRD as a conservation concern in the region [Norstrom pers. comm.]) 

• environmental indicator (requires old or mature forests; sensitive to forest clearing) 
• representative of species affected by industrial noise 
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TABLE 2.3-1  Cont'd 

Wildlife Indicator Rationale 
sandhill crane • species status (listed as Sensitive by ASRD) 

• environmental indicator (requires marshes and other wetlands for nesting; sensitive to human activity, loss or alteration of wetlands 
and riparian areas, and changes in water quality, quantity and distribution) 

• representative of avian species requiring wetland or riparian habitat (e.g., songbirds, rails and waterfowl) 
western toad • species status (Special Concern under SARA Schedule 1 and COSEWIC; designated Sensitive by ASRD) 

• environmental indicator (sensitive to loss or alteration of wetland and riparian areas, forest clearing and ground disturbance) 
• representative of amphibians and species relying on riparian and wetland habitats (breeding) and upland forested areas 

(hibernacula) 
woodland caribou • species status (designated Threatened by COSEWIC, SARA Schedule 1 and the Alberta Wildlife Act; designated At Risk by ASRD; 

CEMA SEWG Priority #1 wildlife indicator) 
• environmental indicator (primary threat is increased predation by wolves in response to human activity; sensitive to industrial 

disturbance) 
• human importance (traditional and cultural value for Aboriginal communities; high-profile species with social and media pressure for 

political action) 
• representative of prey species and species relying on mature and old forests, particularly black spruce dominated lowlands 
• the Project Area is situated between the Agnes and Wandering herds, but outside of provincially identified herd boundaries 

(Figure 2.3-3); caribou sign, although few, was observed within and near the 1 km LSA during baseline field surveys 
 

The LSA varies with the wildlife indicator being evaluated, based on factors relevant to the indicator being 
considered (e.g., documented zones of influence or sensitivity to human disturbance, species mobility, 
seasonal movements, home range sizes). One of two LSA boundaries (either 1 km or 300 m buffer 
around the Project Area) was selected for the assessment of each wildlife indicator (Figure 2.3-1). 
Rationale for the selection of spatial boundaries relevant to each indicator species are summarized in 
Table 2.3-2. 

TABLE 2.3-2 
 

LSA SELECTED FOR WILDLIFE INDICATORS AND RATIONALE 

Indicator LSA Rationale 
beaver 300 m • based on tolerance to human disturbance; beavers are relatively insensitive to human activity, provided the 

requisite habitat features are available 
black bear 300 m • based on tolerance to human activity and ability to adapt to anthropogenic disturbance (Latham et al. 2011) 
fisher 1 km • based on comparatively large home ranges and sensitivity to habitat fragmentation (Lyon et al. 1994) 

• fisher rarely use forest patches smaller than 2 km2 during fall and winter (AXYS 2005 cited in Jacques Whitford 
AXYS Ltd. [JWA] 2010, Badry et al. 1997), which suggests a minimum habitat patch size of approximately 
800 m 

lynx/ snowshoe 
hare 

300 m • lynx may be moderately tolerant of human disturbance since habitat use is related to snowshoe hare abundance 
• lynx response to disturbance (e.g., avoidance) is inconsistently documented; while some information suggests 

little response (Mowat et al. 2000, Kansas and Charlebois 2003 cited in Devon 2010), some literature assumes 
habitat suitability for lynx within 250 m of high disturbance factors and intermediate disturbance factors is 
reduced by 25% and 10% respectively (JWA 2010) 

• lynx have been shown to be hesitant to cross forest gaps >91.4 m (Koehler and Brittel 1990) 
moose 1 km • moose are documented to reduce use or avoid anthropogenic disturbance by up to 1 km (Rolley and Keith 1980, 

Ferguson and Keith 1982, Collister et al. 2003, Wasser et al. 2011) 
northern 
goshawk 

1 km • northern goshawks are sensitive to habitat disturbance near nest sites and sensory disturbance during the 
nesting season (Cooper and Stevens 2000, Morrison et al. 2009, Schaffer 1998, Schaffer et al. 1999) 

• studies have demonstrated goshawks reduce habitat use within 100 m of high-contrast edges, roads and 
cutblocks (Mahon and Doyle 2003 in Osum Oil Sands Corp. 2009, Mahon et al. 2008, Mahon 2009a,b, Morrison 
et al. 2011) 

• nesting reserves, or areas of contiguous forest suitable for nesting and containing goshawk nests, have the 
highest probability of continued use when they are 100 ha or larger, and are unlikely to maintain long-term 
occupancy when they are smaller than 25 ha in size (Harrower et al. 2011, Stuart-Smith et al. 2011) 

• a minimum setback distance of 200 m from northern goshawk nests is recommended for low level disturbances 
and 500 m for medium to high level disturbances in Alberta (Government of Alberta 2011a) 
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TABLE 2.3-2  Cont'd 

Indicator LSA Rationale 
old-forest bird 
community 

1 km • Habib et al. (2007) demonstrated that boreal bird breeding success could be affected in territories adjacent to 
active industrial facilities 

• Bayne et al. (2008a) studied effects of noise from compressor stations in boreal Alberta on songbirds, and found 
that noise levels from compressor stations may be sufficiently loud to affect birds up to 700 m into the forest 

• noise modelling for the Project (Volume 2, Section 4.0) indicates Project facilities are expected to increase noise 
levels above 30 dBA as far as 2.6 km from the Project Area near the CPF, and ranging from about 240 m to 
1 km from the well pads 

sandhill crane 1 km • response to human activity and disturbance varies considerably between and within bird species; larger birds, 
those higher up the food chain, and those that feed in flocks generally tend to be more sensitive 

• human disturbance has frequently been reported to be a major factor influencing sandhill crane habitat selection 
and nesting success (Armbruster 1987, Cooper 1996, Ivey and Dugger 2008); the extent to which cranes are 
tolerant of human activity depends on the degree of habituation and concealment provided by vegetation 
(Cooper 1996) 

• Cooper (1996) and Gebauer (2004) recommended maintaining a buffer of at least 400 m between sandhill crane 
habitat and human activity in British Columbia (BC) 

• sandhill cranes may forage up to 780 m from nest sites, based on a nesting home range of about 200 ha 
(Downs et al. 2008) 

western toad 1 km • Browne and Paszkowski (2010) demonstrated that in boreal habitat, western toad movement from breeding 
habitat to hibernacula ranged from 220 – 1,936 m, with a mean distance of 1,086 m 

woodland 
caribou 

n/a • identified woodland caribou ranges are >1 km outside of the Project Area; therefore, no direct Project effects on 
caribou are expected and caribou are not assessed at the local scale 

 

2.3.6 Assessment Criteria 

The criteria used to assess residual effects on wildlife (Table 2.3-3) are adapted from the general criteria 
(Volume 2, Section 1.2.3) to reflect the issues and effects assessment methods specific to wildlife. 
Residual effects were assessed quantitatively wherever feasible (e.g., change in area of available 
habitat). Qualitative assessments and professional judgment were incorporated where appropriate. 

TABLE 2.3-3 
 

RESIDUAL EFFECTS ASSESSMENT CRITERIA 

Assessment Criteria Definition 

IMPACT BALANCE – of the residual effect 
Positive A positive effect balance is considered to have a net benefit to the wildlife indicator.  
Neutral A neutral balance is defined as no net benefit or loss to the wildlife indicator.  
Negative A negative effect balance is considered to be a net loss or detriment to the wildlife indicator. 
SPATIAL BOUNDARY 
Project Area The residual effect is confined to the area directly disturbed by Project activities. 
LSA The residual effect extends beyond the area of direct disturbance (Project Area) but is limited to the LSA. The LSA 

includes the Project Area as well as the surrounding area where there is a reasonable potential for Project-specific effects 
to occur. One of two LSA boundaries (1 km or 300 m buffer around the Project Area) was selected for the assessment of 
each wildlife indicator (see Table 2.3-2). 

RSA The residual effect extends beyond the LSA but is limited to the RSA. The RSA includes the Project Area, LSA and 
surrounding area where there is potential for cumulative and/or wider-spread Project effects. Most indicators are assessed 
using the RSA shown in Figure 2.3-2. Regional effects on woodland caribou were assessed at the scale of the Wandering 
and Agnes caribou herd boundaries (CRSA) (Figure 2.3-3), which is the spatial scale at which caribou management 
occurs (see Section 2.3.2.2). 

TEMPORAL CONTEXT 
Duration -  
the length of time 
over which the 
residual effect 
extends 

Short-term The residual effect is confined to the construction phase. 
Medium-term The residual effect is extends beyond the construction phase, but remains limited to the operation phase of the Project. 
Long-term The residual effect extends beyond the construction and operation phases, into the closure phase and potentially beyond. 
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TABLE 2.3-3  Cont’d 

Assessment Criteria Definition 

Frequency1 
How often the 
residual effect is 
predicted to 
occur 

Accidental The residual effect occurs rarely over assessment period. 
Isolated The residual effect is confined to specified phase of the assessment period (e.g., construction phase). 
Occasional The residual effect occurs intermittently and sporadically over assessment period. 
Periodic The residual effect occurs intermittently but repeatedly over the assessment period. 
Continuous The residual effect occurs continually over the assessment period. 

Reversibility  – 
ability of the 
indicator to 
recover from the 
residual effect 

Reversible The residual effect is predicted to be reversible. 
Permanent The residual effect is predicted to be irreversible. 

MAGNITUDE –the severity or scale of the residual effect 
Negligible Potential residual effects are not detectable. 
Low Potential residual effects are detectable, but well below established or accepted thresholds, and/or within environmental 

and/or regulatory standards. 
Medium Potential residual effects are detectable and may approach, but are still below established or accepted thresholds, and/or 

within environmental and/or regulatory standards. 
High Potential residual effects exceed established or accepted thresholds and/or are beyond environmental and/or regulatory 

standards. 
PROBABILITY OF OCCURRENCE - likelihood of the residual effect 
High Likely 
Low Unlikely 
LEVEL OF CONFIDENCE2 - degree of certainty related to significance evaluation 
Low Determination of significance based on incomplete understanding of cause-effect relationships and incomplete data 

pertinent to the study area. 
Moderate Determination of significance based on good understanding of cause-effect relationships using data from outside the 

Project area or incompletely understood cause-effect relationships using data pertinent to the study area. 
High Determination of significance based on good understanding of cause-effect relationships and data pertinent to the study 

area. 
SIGNIFICANCE – of the residual effect 
Significant Residual effect is predicted to exceed established guidelines, thresholds or criteria, and the effect is irreversible and likely 

to occur. 
Not Significant Residual effect does not exceed established guidelines, thresholds or criteria, or is predicted to result in effects to an 

indicator population within the range of natural variation such that the integrity of the regional population is not threatened, 
and/or that is reversible following reclamation. 

Notes: 1 The assessment period for the Application Case and PDC includes planning, construction, operation, decommissioning and reclamation 
phases for the Project as well as equivalent project phases of activities that have previously occurred (Application Case and PDC) and those 
that are planned or publicly disclosed (PDC). 

 2 Level of confidence was affected by availability of data, precedence, and degree of scientific uncertainty or other factors beyond the control of 
the assessment team. 

 

2.3.6.1 Thresholds 

Thresholds are a key consideration in determining the magnitude of potential effects, which in turn is one 
of the main criteria defining significance of an effect. Thresholds are expected to vary with the species 
and scale (e.g., patch, local, landscape or regional scale) being assessed, as well as the type and scale 
of disturbance or activity causing the effect. Ecologists generally agree that specialist, sensitive species 
are more vulnerable to disturbance and, therefore, more conservative threshold values are appropriate to 
protect these species (Rompré et al. 2010, Mönkkönen and Reunanen 1999). Therefore, thresholds were 
more conservatively defined for wildlife indicators with SARA Schedule 1 status designations 
(i.e., species at risk). 

Habitat Availability 
A critical threshold for habitat loss may be defined as an abrupt, nonlinear change that occurs in some 
parameter (e.g., behaviour, abundance, community composition) across a small range of habitat loss 
(Swift and Hannon 2010). For example, the abundance of a species in a landscape declines more or less 
linearly as suitable habitat is lost, but may decline more rapidly once the amount of remaining habitat in 
the landscape falls below a certain proportion of the total landscape area.  
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Critical threshold relationships between habitat loss and various ecological responses have been found 
by numerous simulation models and, to a lesser degree, empirical landscape-scale studies (Swift and 
Hannon 2010). Although highly variable, depending on species or landscape characteristics or other 
conditions, most of the observed thresholds occur between 10% and 50% of remaining habitat (i.e., when 
50% to 90% of suitable habitat has been lost) (Swift and Hannon 2010). Flather and Bevers (2002) 
concluded that over a broad range of habitat types and arrangements, the amount of habitat accounted 
for >96% of total variation in abundance, compared to <1% for arrangement of habitat. They also 
concluded that effect of habitat loss predominated when total remaining habitat was less than 30-50%; 
with higher total loss, habitat arrangement effects became more important. These findings are consistent 
with conclusions from other meta-analyses and modeling studies. Based on the scientific literature, 
cumulative effects risk is highest when total habitat loss measured at the landscape (i.e., regional) scale 
is high (>70%). 

Estimated combined moderate to high suitability habitat under baseline conditions ranges from 
approximately 10% to 80% of the RSA for the wildlife indicators used in this assessment. Based on this, 
and the approach adopted for previous assessments of oil sands development in the region, a 
precautionary approach was used to assess changes in habitat availability for wildlife indicators. A 
threshold of 30% loss of moderate to high suitability habitat change was adopted for most indicator 
species (i.e., additive or synergistic negative effects to the wildlife indicator are not expected below 30% 
loss of current effective habitat). For species at risk (i.e., SARA-listed), a more conservative threshold of 
20% effective habitat change was adopted (Table 2.3-4). 

The Project is outside of identified woodland caribou ranges. A qualitative assessment of potential 
regional effects on woodland caribou is provided. The threshold of 65% critical (i.e., undisturbed) habitat 
within caribou ranges identified by Environment Canada (2011a) in their draft recovery strategy for 
woodland caribou is discussed as it relates to the East Side Athabasca Range in the Application Case 
and PDC assessments for woodland caribou. 

TABLE 2.3-4 
 

HABITAT CHANGE THRESHOLDS FOR WILDLIFE INDICATORS 

Indicator Threshold 
beaver 30% 
black bear 30% 
fisher 30% 
lynx/snowshoe hare 30% 
northern goshawk 30% 
old-forest bird community 30% 
moose 30% 
sandhill crane 30% 
western toad 20% 
woodland caribou 35%1 

Note: 1 The draft recovery strategy (Environment Canada 2011a) defines disturbed habitat as including a 500 m buffer around all disturbance features 
and is therefore an indication of direct and indirect habitat loss. If only direct habitat loss were considered, this threshold would be much lower 
(likely <10% habitat change). 

 

Movement 
Thresholds relevant to wildlife movement patterns are not available. Therefore, a qualitative approach 
was used to assess changes in wildlife movement patterns. 

Wildlife Health and Mortality Risk 
Effects on wildlife health were based on the Screening Level Wildlife Risk Assessment (SLWRA) provided 
in the Human Health Risk Assessment (Volume 5, Appendix 4F), which discusses the relevant thresholds 
for acute and chronic exposure pathways for chemicals of potential concern. 
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Thresholds relevant to wildlife mortality risk are limited. This issue was assessed qualitatively for most 
indicators. Linear features have been attributed to mortality effects on various wildlife species. Mortality 
associated with linear features is direct (e.g., vehicle collisions) and indirect (e.g., increased access 
increases hunting, trapping, poaching, predation). Linear features have been found to contribute to black 
bear mortality both directly (i.e., road kill) and indirectly (i.e., hunting, poaching). Road density thresholds 
pertaining to black bears are unknown. Black bears have been reported to respond negatively to variable 
road density thresholds, ranging from as little as 0.25 km/km² to 1.25 km/km², depending on the type of 
road and issue addressed (e.g., habitat use, illegal hunting) (Jalkotzy et al. 1997). The Alberta Grizzly 
Bear Recovery Plan identifies objectives that would limit the rate of human-caused mortality per Bear 
Management Area by maintaining open road densities at or below 0.6 km/km² in Grizzly Bear Priority 
Areas, and at or below 1.2 km/km² in all remaining grizzly bear range (ASRD 2008a). Since the 
conservation status of black bears is more secure than it is for grizzly bears, an open road density 
threshold of 1.2 km/km² for black bear is considered precautionary. This threshold was applied in the 
assessment of mortality risk for black bears. 

2.3.6.2 Significance Determination 

All assessment criteria were considered for each residual effect. Where appropriate, the key or most 
influential assessment criteria used to determine the significance of each residual effect are noted (e.g., 
magnitude, reversibility, probability). The significance determinations incorporate professional judgement, 
which allows integration of all of the effects criteria ratings to provide relevant significance conclusions 
that are sensitive to context and facilitate decision-making (Lawrence 2007).  

Residual effects that do not exceed established guidelines, thresholds or criteria, or that are predicted to 
result in effects to an indicator population within the range of natural variation such that the integrity of the 
regional population is not threatened, and/or that are reversible following reclamation, are considered not 
significant. Where a residual Project effect in combination with baseline conditions (Application Case) and 
known future developments (Planned Development Case) is predicted to exceed established guidelines, 
thresholds or criteria, and the effect is irreversible and likely to occur, it is considered significant. 

2.4 Methods 

2.4.1 Literature Review and Field Surveys 

Information was reviewed to provide a summary of existing knowledge on wildlife presence, distribution, 
important wildlife areas, habitat preference and use, and movement. Data sources included the Fisheries 
and Wildlife Management Information System (FWMIS) database (ASRD 2011a), provincial mapping 
(ASRD 2009, ASRD 2010, ASRD 2011b, Alberta Tourism, Parks and Recreation [ATPR] 2009, ATPR 
2010), EIAs prepared for other in-situ projects in the broader region and peer-reviewed publications. 
Baseline field surveys completed for the Project by other disciplines (e.g., vegetation and wetlands, 
aquatics) were also reviewed and relevant elements were incorporated into the wildlife baseline 
information. 

Wildlife field surveys were designed to collect baseline information on the wildlife community and habitat 
in the 1 km LSA, including the selected indicators and species with special conservation status, where 
feasible. The data collected was intended to provide current information on wildlife species presence, 
distribution, relative abundance and habitat use within the LSA. Detailed field survey methods and results 
are provided in the Wildlife Baseline Report (Volume 4, Appendix 2B). 

Results of the baseline field surveys, including TEK (see Section 2.4.2), and literature review were used 
to describe the existing conditions of wildlife and wildlife habitat (Baseline Case) in the relevant LSA 
(Section 2.5) and to evaluate habitat models for the indicator species (Appendix 2C). 

2.4.2 Traditional Ecological Knowledge 

BlackPearl continues to facilitate the TEK program with potentially-affected Aboriginal communities for the 
Project. The TEK program focuses on Aboriginal communities' experiential knowledge of the land. Field 
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reconnaissance was completed on Crown lands potentially disturbed by Project construction and clean-
up activities, including associated physical works and activities (e.g., utility rights-of-way, access roads, 
and temporary construction workspaces).  

The approach and methodology of the TEK program are discussed in the TEK and Land Use Assessment 
(Volume 5, Section 3.0), which describes the steps and methods used to conduct the TEK program. The 
TEK and Land Use Assessment includes a description of the TEK and biophysical field program as well 
as how TEK was collected in the field and subsequently reviewed with participating Aboriginal 
communities. 

Information relevant to wildlife and wildlife habitat that was collected during the TEK program is 
incorporated in the results of baseline field surveys (Appendix 2B). The issues identified during the TEK 
program (e.g., wildlife displacement and abundance, increased access and resultant hunting pressure, 
disturbance of important habitat features) are addressed in the assessment of the selected wildlife 
indicators. Concerns regarding continued consultation are addressed in Volume 5, Section 3.0. 

2.4.3 Species with Special Conservation Status 

Wildlife species with special conservation status were defined to include those listed: 

a) as At Risk, May Be At Risk and Sensitive in The Status of Alberta Species (ASRD 2011c); 

b) under the Alberta Wildlife Act as Endangered, Threatened or Special Concern; 

c) under Schedule 1 of the federal Species At Risk Act; or 

d) as “at risk” by COSEWIC (2012) (i.e., species designated Endangered, Threatened or Special 
Concern). 

Species with special conservation status that have potential to occur in the Central Mixedwood and Lower 
Boreal Highlands Natural Subregions (Natural Regions Committee 2006) were identified and listed. This 
list was refined based on whether each species’ known range overlaps the RSA, availability of habitat 
requirements, results of the baseline field surveys, consultation with provincial regulators, and 
professional knowledge (Appendix 2A). Species with special conservation status potentially occurring in 
the RSA are summarized in Section 2.5.3. 

Several wildlife species with special conservation status were targeted for data collection during the 
wildlife baseline field surveys. Data on wildlife species with special conservation status were also 
collected incidentally during the baseline field surveys for wildlife, aquatic ecology and vegetation.  

Wildlife indicators were selected based on a suite of criteria (Section 2.3.5). The wildlife indicator 
selection criteria included conservation status, which considers species that are sensitive to habitat 
change and, therefore, are appropriate indicators of ecological change (i.e., environmental indicators). As 
such, potential effects on wildlife species with special conservation status that may occur in the RSA are 
addressed in the assessment of the selected wildlife indicators. 

2.4.4 Habitat Availability and Effectiveness 

The Baseline Case assessment included a quantification of habitat availability within the 1 km LSA by 
Ecological Land Classification (ELC) and in the RSA by Land Cover Class (LCC). Since these habitat 
area values are not specific to a given indicator, the 1 km LSA was selected as the appropriate scale at 
which to present the change in overall habitat types, since it represents the area within which potential 
effects of the Project are expected for all selected indicators. Existing developments or disturbances that 
have resulted in direct loss of habitat (reduced habitat availability) were quantified using readily available 
data sources. Refer to Volume 2, Section 1.0 for inclusion lists of the existing, approved and known future 
developments and activities considered within each assessment case. 
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2.4.4.1 Habitat Models 

Habitat suitability index (HSI) and previously developed resource selection probability function (RSPF) 
models were used to identify the most suitable habitats, predict changes in habitat suitability, identify 
appropriate mitigation measures, and evaluate the potential significance of these changes at the regional 
scale. Model results do not represent actual wildlife use of habitats, but provide a characterization of 
habitats in the study area most likely to be used by a given indicator based on habitat variables that have 
been demonstrated or deemed likely to affect suitability. By identifying habitats predicted to have 
moderate or high value, appropriate mitigation strategies can be developed. Refer to Appendix 2C for 
further details on habitat modeling methods. 

Habitat models used in the assessment of wildlife indicators include:  

• HSI models for beaver, black bear, fisher, northern goshawk, sandhill crane and old-forest bird 
community habitats; and 

• RSPF models for moose and snowshoe hare (used as a surrogate for lynx) habitats. 

Results of models run for the Application Case and PDC were compared to the Baseline Case model 
results to determine predicted changes.  

Availability of vegetation community data differs between the LSAs and RSA. Models for the LSA were 
based on Ecological Land Classification (ELC) mapping (refer to the Vegetation Assessment in Volume 4, 
Section 1A.3.1.1). Models for the RSA were based on the lower resolution Land Cover Class (LCC) 
mapping (Volume 4, Section 1A.3.1.4). Wildlife indicators were modeled at both the LSA and RSA scale. 
Although important habitat components (e.g., stand age, structure) could not be inferred from the regional 
data available, the LCC mapping was considered sufficient to adequately predict habitat suitability for the 
purposes of the wildlife assessment. By their nature, all habitat models are limited by the accuracy and 
resolution of the data input. The results of habitat models for this assessment are not expected to be 
exact characterizations of habitat suitability for a given indicator, but are considered appropriate for 
assessing changes in habitat suitability, evaluating the significance of these changes, and identifying 
appropriate mitigation. Where appropriate, model fit was assessed based on wildlife survey data for the 
Project (refer to the Wildlife Baseline Report in Volume 4, Appendix 2B). 

Habitat modeling was not completed for woodland caribou. Recent statistical relationships between total 
disturbance and population trend are better predictors of population trends than relationships based on 
habitat availability or suitability (Sorensen et al. 2007). These total disturbance relationships relied on 
analyses for designated local population ranges (Environment Canada 2011c, Sorensen et al. 2007, 
Schneider et al. 2010). The Project Area and 1 km LSA are outside of provincially identified caribou range 
and, as a result, the Project would have no effects on total disturbance within the local population range. 
Interaction between the Project and other existing and known future developments and activities that 
could potentially affect caribou is limited to indirect effects on predator-prey dynamics in the region. 
Modeling changes in total disturbance, habitat availability or suitability outside of caribou ranges (i.e., 
change resulting from the Project) would be inconsistent with established methods and would not provide 
useful information on potential direct and indirect effects on caribou in the nearest caribou ranges. 
Therefore, a qualitative assessment of potential regional effects on caribou is provided. 

Habitat Suitability Index Models 
The purpose of HSI models is to provide a relative numerical value or importance rating to a given habitat 
type or study area (Salmo et al. 2001). HSI models evaluate habitat suitability for indicator species with 
an index, which provides an indication of the capacity of habitat components to supply the life requisites 
of the indicator species considered (US Fish and Wildlife Service [USFWS] 1980a,b). HSI models are 
developed using measurable habitat variables (e.g., percent canopy closure), which are selected based 
on available literature, data and professional judgement (USFWS 1981). A suitability index value ranging 
from 0 (unsuitable habitat) to 1 (optimal habitat) was assigned to each variable. The HSI models combine 
the habitat variables accounting for relative importance (e.g., by weighting variables with more 
importance) and relationships between variables. The resultant HSI values were converted to suitability 
ratings to identify unsuitable (Nil), Low, Moderate or High habitat suitability. Habitat suitability ratings were 
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determined for each indicator species. The HSI values and ratings were used to obtain a measure of 
suitable habitat (i.e., a quantification of habitat suitability and quantity) within the LSA and RSA. 

Some species may avoid or reduce habitat use in proximity to human disturbance even if suitable habitat 
features are present. This is considered indirect habitat disturbance, or a change in habitat effectiveness. 
The area of avoidance or reduced use in proximity to disturbance is referred to as a zone of influence, 
which varies depending on the species sensitivity, the type, intensity and duration of the disturbance, and 
the ability of the surrounding habitat to buffer the disturbance (e.g., topography and vegetation). 
Disturbance coefficients or suitability reduction factors were applied to HSI values within identified zones 
of influence, where appropriate, such that the habitat suitability index decreases closer to anthropogenic 
disturbance. The resultant outputs were categorized into Nil, Low, Moderate and High suitability habitat 
ratings (Appendix 2C). 

Resource Selection Models 
Resource Selection Probability Function (RSPF) models predict the probability of a wildlife species’ 
occurrence as a function of the availability of resource or habitat variables (e.g., vegetation cover, slope, 
moisture regime, road density, etc.), and are based on empirical use-availability data. RSPF models are 
surrogates for habitat mapping. In principle, resource selection functions can be extrapolated to other 
areas of similar ecology and land use (Salmo et al. 2001). Two previously developed RSPF models were 
extrapolated for the assessment of moose habitat (Wasser et al. 2011) and snowshoe hare habitat (Keim 
et al. 2011), which was used as a surrogate indicator of lynx occupancy and as a primary prey species 
that supports predator populations. The resultant model outputs were categorized into Low, Low-
Moderate, Moderate-High and High suitability habitat ratings (Appendix 2C). 

2.4.4.2 Habitat Fragmentation and Edge Effects 

Fragmentation 
The three main components of habitat fragmentation are habitat loss, reduced habitat patch size and 
increased isolation of patches (Andrén 1994). Habitat fragmentation has the potential to alter species 
abundance and distribution over the landscape by affecting predation and brood parasitism, altering 
microclimate, decreasing food, and reducing ability of animals to move between habitat patches within a 
landscape (Swift and Hannon 2010). Short and long-term declines of various species of forest birds have 
been attributed to the reduction and fragmentation of forest cover (Lynch and Whigham 1984, 
Sekercioglu et al. 2002, Schmiegelow and Monkkonen 2002), although the term fragmentation has been 
used inconsistently. Therefore, effects of fragmentation were assessed for northern goshawk and old-
forest birds. 

Precise determination of the actual magnitude and significance of forest fragmentation is made difficult by 
virtue of the interaction between a given bird species and factors such as: residual patch size; dynamics, 
duration and nature of habitat loss (e.g., agricultural, urban/industrial, fire, forestry); species 
specialization; and presence of parasitic or generalist predators (e.g., brown-headed cowbird, crows) 
(Schmiegelow et al. 1997, Schmiegelow and Monkkonen 2002). Since the effects of habitat loss, reduced 
patch size, and increased isolation of patches act cumulatively, it is difficult to disentangle their effects. 
Using a modeling approach, Flather and Bevers (2002) concluded that over a broad range of habitat 
types and arrangements, the amount of habitat accounted for >96% of total variation in abundance 
compared to <1% for arrangement of habitat. They also concluded that when total habitat loss was less 
than 50-70%, the effects were simply habitat loss effects; with higher total loss, habitat arrangement 
effects became more important. These findings are consistent with conclusions from other meta-analyses 
and modeling studies (Andrén 1994, Rich et al. 1994, Fahrig 1997, Forman and Collinge 1997, 
Schmiegelow and Mönkkönen 2002, Swift and Hannon 2010). Andrén (1994) suggests that in landscapes 
with more than 30% of suitable habitat remaining (i.e., less than 70% of suitable habitat is disturbed), the 
total area of suitable habitat is of greater importance than its spatial arrangement (e.g., patch size, 
isolation). There are numerous studies that support the conclusion that habitat availability is more 
important than fragmentation to forest birds. A study by Cunningham and Johnson (2011) concludes that 
for 26 out of 28 woodland bird species, habitat area (measured as proportion of tree cover) explains 
species occurrence better than patch size or edge metrics. These results were consistently applicable for 
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interior forest species as well as edge specialists. Similarly, a study of independent effects of forest cover 
and fragmentation on the distribution of forest breeding birds by Trzcinski et al. (1999) concludes that 
responses in forest bird distribution to fragmentation are generally inconsistent, weak, highly variable 
among species, and do not explain bird distribution as well as forest cover. Lichstein et al. (2002) report 
similar results for bird abundance, concluding that songbird abundance primarily reflects the total 
availability of different habitats and only weakly reflects how those habitats are arranged in space. 

As habitat loss increases, the remaining habitat becomes increasingly fragmented or the habitat patches 
are increasingly isolated, which may compound the effects of habitat loss (Swift and Hannon 2010). 
Based on the scientific literature, cumulative effects risk and the influence of patch size and spatial 
arrangement are highest when suitable habitat loss measured at the landscape (i.e., regional) scale is 
high (>70%). Therefore, potential for habitat fragmentation to affect northern goshawk and old-forest birds 
was assessed by determining the proportion of moderate and high suitability habitat that is disturbed at 
Baseline, Application and Planned Development cases relative to estimated pre-development (i.e., no 
anthropogenic disturbance) habitat availability in the RSA. The proportions of disturbance at all three 
scenarios (Baseline Case, Application Case and PDC) were evaluated relative to the levels identified in 
the above literature sources at which fragmentation effects become substantive (i.e., >70% suitable 
habitat loss). 

Edge Effects 
In some wildlife species, effects are not restricted to the disturbed area and reduced seasonal or daily use 
has been documented in a zone of influence or buffer immediately adjacent to the disturbed area. This is 
commonly referred to as the 'edge effect'. A study of edge effects on breeding songbirds south of Grande 
Prairie, Alberta concluded species richness and abundance studied did not differ between edge habitats 
along pipeline rights-of-way and forested control areas, although the study did not differentiate between 
interior forest specialists and more generalist species (Fleming and Schmiegelow 2002). Machtans (2006) 
studied the effects of seismic lines on boreal forest songbirds and found that most birds were able to 
incorporate seismic lines into their territories, resulting in no change in bird abundance, average location 
and size of territories, suggesting there were no edge effects associated with the seismic lines. Increased 
risk of nest predation resulting from increased edges in forested landscapes has been identified as a 
potential issue for breeding birds, particularly ground nesters (Flaspohler et al. 2001). However, 
numerous studies in forested landscapes have found no evidence of increased nest predation due to 
either forestry (Bayne and Hobson 1997, Cotterill and Hannon 1999, Ibarzabal and Desrochers 2001, 
Schmiegelow and Monkkonen 2002) or roads (Ortega and Capen 1999). Further, all of the songbird 
species included in the old-forest bird community indicator for this assessment are canopy nesters. Winter 
wren is the only species that may also nest at ground level. Flaspohler et al. (2001) found that the 
probability of nest failure for canopy-nesting songbirds was not influenced by distance to edges. Studies 
conducted for the Landscape Structure and Biodiversity Project in boreal Alberta similarly concluded that 
forest edges adjacent to clearcuts did not result in songbird avoidance or attraction to edges or increased 
nest predation, and species abundance was related to habitat characteristics, not edge type (Hannon 
2000). For these reasons, indirect edge effects on old-forest birds are assumed to be minimal and were 
not assessed by adding a buffer to areas with altered or disturbed habitat. Documented avoidance of 
roads by nesting northern goshawks is incorporated in the HSI model (distance to edge variable). 
Disturbance coefficients were applied to habitat models within appropriate zones of influence for other 
indicator species (Appendix 2C). 

2.4.4.3 Effects of Noise and Light on Habitat Effectiveness 

Noise 
Noise associated with anthropogenic activities can reduce the effectiveness of habitat for wildlife. 
Construction, operation and maintenance of Project facilities will result in elevated noise levels that may 
reduce habitat effectiveness for some species. Different species, and even individuals within a species, 
are expected to respond differently to noise disturbances. Various factors affect an animal's response to 
noise, such as noise level, frequency distribution, duration, number of events, rate of onset, level of 
existing ambient noise, time of year or day, animal activity and location, animal age and gender. Noise 
effects on wildlife can potentially include habitat loss through avoidance, increased energy expenditure, 
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changes in normal behaviours (e.g., feeding) and impaired communication between individuals. Given the 
documented sensitivity of forest passerines to industrial noise, the old-forest bird community was selected 
as an appropriate indicator of changes in habitat effectiveness resulting from increased noise. 

Habib et al. (2007) found that chronic industrial noise (e.g., arising from compressor sites) affected pairing 
success and age structure of ovenbirds in boreal forests of Alberta. Breeding success of passerines is 
also reduced in areas near noisy facilities in boreal Alberta (Bayne et al. 2008a). Bird species richness, 
diversity and densities have been demonstrated to be substantially lower in proximity to noisy facilities 
and roadways compared to less noisy habitats (Bayne et al. 2008a, Rheindt 2003, Kaseloo 2005). Brumm 
(2004) demonstrated that birds in noisier territories sang more loudly than birds at less noisy locations, 
presumably to mitigate impairment of communication between individuals. High levels of ambient noise 
can affect mate attraction, pair bonding and territory defense by impairing communication between birds 
(Brumm 2004, Swaddle and Page 2007). Metabolic costs of increasing song amplitude do not appear to 
be high, but increased detection by predators may contribute to the costs of increased song amplitude 
(Brumm 2004). Further, although birds may be able to adapt their song somewhat by increasing 
amplitude, Rheindt (2003) suggests that most birds are unlikely to have had sufficient time to modify their 
frequency range to adapt to an increasingly noisy environment. 

Results of several studies on effects of traffic noise on bird populations suggest that sound levels above 
50 dBA can be considered potentially deleterious to some, but not all, bird species (Kasaloo 2005). Bayne 
et al. (2008a) demonstrated that noise associated with compressor stations in boreal Alberta reduced 
abundance of one third of the songbird species detected, when compared to quiet well sites. Three of five 
focal species studied showed substantially lower densities within 300 m of compressor stations (average 
noise level at 300 m from compressors was 48 dBA), compared to quiet well sites (Bayne et al. 2008a). 

The Energy Resources Conservation Board (ERCB) Directive 038 indicates that in most rural areas of 
Alberta where there is an absence of industrial noise sources, the average night-time ambient noise level 
is approximately 35 dBA (ERCB 2007). Given the remote location of the Project Area and lack of 
substantial noise sources, this value is considered a high estimate of ambient noise levels in the LSA at 
Baseline Case. A more conservative estimate of 30 dBA was used to estimate existing ambient noise in 
the LSA. Forest songbirds are assumed to have adapted to the baseline ambient noise conditions (i.e., 
30 dBA or lower). Noise levels above 30 dBA are considered to potentially affect songbirds. Results of the 
noise modeling in the Noise Assessment (Volume 2, Section 4.6) were used to determine the area within 
the 1 km LSA where birds may be affected by noise for the Application Case (i.e., the area in which noise 
levels are predicted to exceed 30 dBA). 

Light 
Artificial lighting can cause improved orientation, disorientation, attraction or repulsion in wildlife, which 
potentially affects foraging, reproduction, communication and migration (Longcore and Rich 2004).  

Artificial light has been demonstrated to alter foraging behaviours of small mammals by reducing patch 
use near lights and reducing amount of food harvested from lighted areas compared to areas without 
lights (Bird et al. 2004). Some normally diurnal species may adapt to artificial lighting enabling foraging at 
night (i.e., increased orientation), which can affect prey populations (Longcore and Rich 2004). Some bat 
species are attracted to the flying insects that often congregate around lights, while other species of bats 
avoid lights (Longcore and Rich 2004). 

Increased predation risk in artificially lighted areas may cause some species to alter habitat selection, 
which can influence movement between habitat patches and diminish landscape connectivity (Bird et al. 
2004). Species accustomed to navigating in a dark environment can become disoriented, and may 
experience temporary blindness lasting minutes or hours when exposed to rapidly increasing or changing 
light levels (Longcore and Rich 2004). Songbirds that migrate at night are attracted to light sources, which 
can increase mortality risk from collisions, excessive energy expenditure and predation (Jones and 
Francis 2003, Poot et al. 2008). Some bat species avoid lighting, resulting in use of suboptimal flight 
routes and potentially isolation of preferred foraging sites (Stone et al. 2009). 
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Artificial lighting has been shown to alter breeding behaviour in frogs by inhibiting mating calls (Chepesiuk 
2009) and reducing mate selectivity by females (Longcore and Rich 2004). Reproductive behaviour in 
birds may be affected (e.g., altered nest site selection) by lighting (Longcore and Rich 2004). 

The distance and degree of effects on wildlife is largely unknown, and varies considerably by species. 
The potential effects of the Project on wildlife resulting from light pollution were discussed qualitatively in 
this assessement. 

2.4.5 Wildlife Movement 

Infrastructure and facilities associated with in-situ oil sands developments (e.g., seismic lines, roads, 
powerlines, above-ground and buried pipelines, processing facilities) can alter wildlife movement by 
reducing habitat connectivity and creating barriers or filters to movement. The Project will involve 
development of multi-use corridors, containing roads, above-ground and buried pipelines, and powerlines. 
Above-ground pipelines are impassable for many species without adequate mitigation measures (Dunne 
and Quinn 2009, Boreal Caribou Committee 2001, Jalkotzy et al. 1997) and, therefore, present the 
greatest potential barrier to wildlife movement resulting from the Project. 

Habitat fragmentation results when barriers to movement cause functional separation of habitats into 
smaller, isolated habitat patches (Andrén 1994, Jalkotzy et al. 1997). Species that have late age of first 
reproduction, low population densities, low reproductive rates, large home-ranges, low fecundity, and 
move over large distances to disperse, find food and mate, display low resilience to habitat fragmentation 
(Dunne and Quinn 2009).  

The potential changes to wildlife movement are discussed qualitatively for each of the wildlife indicators. 
Above-ground pipelines pose a substantial barrier to moose given their size and large home ranges, and 
the effects of potential fragmentation resulting from movement barriers or reduced habitat connectivity is 
a concern due to their low reproductive rates, low population densities and extended parental care 
(Dunne and Quinn 2009). Therefore, permeability mapping was completed to evaluate potential changes 
to moose movement. The potential for the Project to isolate and reduce moose use of habitat patches 
rated as moderate and high suitability within the LSA was considered. At the RSA scale, potential barriers 
or filters to movement resulting from the Project in combination with existing and known future 
developments was considered for the Application Case and PDC. Large patches of moderate and high 
suitability habitat for moose were identified from the results of habitat modeling in the LSA (RSPF) and 
RSA (HSI). Developments that are potential barriers to moose movement, such as above-ground 
pipelines, primary and secondary roads, and large facilities, were identified and rated according to 
expected level of permeability to moose movement (e.g., 0=high permeability, 1=moderate permeability, 
2=low permeability, 3=impermeable) (Table 2.4-1). A qualitative assessment of potential effects on 
moose movement was based on an evaluation of the intersections of these potential movement barriers 
and large patches of moderate and high suitability moose habitat. 

TABLE 2.4-1 
 

PERMEABILITY RATINGS FOR DISTURBANCE FEATURES RELATIVE TO MOOSE MOVEMENT 

Disturbance Type Description 
Permeability 

Rating1 

Primary Roads paved highway (associated with year-round high traffic volumes) 2 
Secondary Roads exploration roads that provide frequent access to winter exploration camps and facilities; high-

use gravel logging roads 
1 

Tertiary Roads exploration roads that provide less frequent access; low-use exploration or logging roads/trails 1 
High-Activity Facilities plant sites, camps 3 
Moderate-Activity Facilities gravel pits, compressor stations 2 
Low-Activity Facilities oil and gas wells, exploration wells, water source/disposal wells, gravel pits, borrow pits 1 
Abandoned Facilities abandoned wells, abandoned and discontinued pipelines 0 
Utility Rights-of-Way pipeline and transmission line rights-of-way (little or no human use; early seral vegetation) 0 
Seismic Lines includes conventional and low impact lines 0 
Cutblocks includes recent and regenerating cutblocks 0 

Note: 1 3=impermeable; 2=low permeability; 1=moderate permeability; 0=high permeability 
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2.4.6 Wildlife Health and Mortality Risk 

The Project, existing activities and known future developments have the potential to affect wildlife health 
and mortality risk both directly (e.g., traffic collisions, control of wildlife at work sites, disturbance of habitat 
during clearing or site preparation) and indirectly (e.g., increased predation, hunting or trapping related to 
access, changes in air or water quality). Given the difficulty in quantifying the variables potentially 
affecting wildlife mortality risk, and of quantifying changes in mortality rates, this issue was assessed 
qualitatively. 

A SLWRA was completed to evaluate potential effects on wildlife health (Volume 5, Appendix 4F). 
Several pathways of wildlife exposure to chemicals of potential concern were evaluated, including: acute 
inhalation pathway; chronic inhalation pathway; chronic soil pathway; and chronic water pathway. 
Quantitative results and conclusions of the SLWRA were used in this assessment to evaluate the issue of 
wildlife health. 

2.4.7 Wildlife Abundance 

Change in wildlife abundance resulting from the Project is difficult to quantify and was, therefore, 
discussed qualitatively. Wildlife abundance is most likely to be affected by direct habitat loss, but may 
also be affected by reduced habitat effectiveness, changes in movement (e.g., barriers to movement 
prevent wildlife access to suitable habitat), and health and mortality. The potential effects on wildlife 
abundance were discussed in the context of regional populations. 

2.5 Baseline Case 

2.5.1 Habitat 

Wildlife habitat associations were evaluated using ELC mapping of the 1 km LSA. ELC mapping is based 
on the ecosite phases described by Beckingham and Archibald (1996), but includes additional categories 
for disturbed vegetation communities (e.g., cutblocks, burns), and vegetation communities for which no 
corresponding ecosite phase exists (i.e., shrubby wetlands, meadow). Due to the large number of ELCs 
in the LSA, they were grouped into broad habitat types based on general habitat properties (e.g., 
dominant vegetation, moisture regime and disturbance level) in order to ease description of field survey 
results for some species groups. Details regarding vegetation classification methods are provided in the 
Vegetation Baseline Report (Volume 4, Appendix 1A). 

Several mammal and avian species, as well as a few species of amphibians and reptiles, occur within the 
Boreal Forest Natural Region, which includes both the Central Mixedwood Natural Subregion and the 
Lower Boreal Highlands Subregion (Natural Regions Committee [NRC] 2006). Beaver activity is common 
in the Natural Region, and provides important habitat for wetland associated species. The Boreal Forest 
Natural Region has exceptionally diverse avifauna and is one of the main breeding grounds for migratory 
birds in North America. Within the Natural Region, species diversity is notably high within mixedwood 
forest and areas of tall shrub cover associated with swamps, beaver ponds, streams, and lakes (NRC 
2006). 

The western half of the 1 km LSA is dominated by wetland vegetation communities, in particular, treed 
and shrubby bogs and fens. Bogs and fens provide habitat for a variety of species, including birds and 
amphibians. They are also a key component of woodland caribou habitat, although the LSA is outside of 
provincially identified caribou ranges (ASRD 2010) (see Appendix 2B). Mature upland forest comprises 
just over 40% of the LSA, with black spruce and white spruce coniferous forest being most common. Jack 
pine is uncommon (<1%) within the LSA. 

Riparian habitat associated with creeks and streams in the LSA may offer important breeding habitat and 
movement corridors for a variety of wildlife species. Small wetlands are common along rights-of-way, and 
were observed to be used for a variety of amphibians and wetland species during baseline field surveys. 
Cutblocks under 30 years old are prevalent throughout the LSA, especially in the northeastern section, 
comprising approximately one third of the area of the 1 km LSA. Linear disturbances associated with 



BlackPearl Resources Inc.  Wildlife 
Blackrod Commercial SAGD Project  Volume 4 - Section 2.0 

 

 
   

Page 2-25 
 
 

timber harvest and petroleum exploration are also present within the LSA. Vegetation communities and 
their representation within the LSAs are summarized in Table 2.5-1.  

TABLE 2.5-1 
 

VEGETATION COMMUNITIES PRESENT IN THE LSA AT BASELINE CASE 

Habitat Type ELC Description 
Area in 300 m 

LSA (ha) 
Percent of 

300 m LSA (%) 
Area in 1 km 

LSA (ha) 
Percent of 1 km 

LSA (%) 
Deciduous Forest d1 low-bush cranberry Aw 478.4 8.6 673.2 8.0 

e1 dogwood Pb-Aw 155.0 2.8 247.3 2.9 
f1 horsetail Pb-Aw 23.9 0.4 39.2 0.5 

Mixedwood 
Forest 

b3 blueberry Aw-Sw 3.8 0.1 4.2 0.1 
d2 low-bush cranberry Aw-Sw 140.2 2.5 309.2 3.7 
e2 dogwood Pb-Sw 224.7 4.1 408.6 4.9 
f2 horsetail Pb-Sw 36.2 0.7 58.5 0.7 

Coniferous Forest c1 Labrador tea-mesic Pj-Sb 2.0 0.0 6.2 0.1 
d3 low-bush cranberry Sw 118.5 2.1 206.6 2.5 
e3 dogwood Sw 206.4 3.7 324.8 3.9 
f3 horsetail Sw 111.9 2.0 139.2 1.7 
g1 Labrador tea-subhygric Sb-Pj 312.8 5.7 536.9 6.4 
h1 Labrador tea/horsetail Sw-Sb 343.9 6.2 557.3 6.6 

Bog i1 treed bog 316.3 5.7 430.0 5.1 
i2 shrubby bog 65.5 1.2 70.9 0.8 

Fen j1 treed poor fen 417.1 7.5 649.9 7.7 
j2 shrubby poor fen 19.0 0.3 23.2 0.3 
k1 treed rich fen 195.1 3.5 262.0 3.1 
k2 shrubby rich fen 16.6 0.3 16.6 0.2 

Open Wetland k3 graminoid rich fen 38.1 0.7 44.2 0.5 
l1 marsh 12.1 0.2 15.8 0.2 

Shrubby Wetland shrubby wetland 208.5 3.8 330.2 3.9 
Meadow Meadow upland grassland 2.0 0.0 2.0 0.0 
Disturbed Anthropogenic cleared land (e.g., well pads) 425.5 7.7 538.8 6.4 

Regenerating Burn regenerating burn 123.3 2.2 144.1 1.7 
Cutblock cutblock 0-10 years 565.1 10.2 918.6 10.9 
Regenerating 
Cutblock 

cutblock 11-30 years 970.0 17.5 1,454.0 17.3 

TOTAL 5,531.8 100.0 8,411.5 100.0 
 

At the regional scale, LCCs based on the Alberta Ground Cover Classification (AGCC) strata were used. 
Since the regional LCC data are raster–based (i.e., pixels), and the local scale ELC mapping is vector-
based (i.e., polygons), area calculations of comparable map units at the RSA and LSA scale may not be 
equal. In addition, the LCC system of vegetation communities is broader and more general than the ELC 
classification system and, therefore, there is often no direct comparison between the two classification 
systems. Refer to the Vegetation Baseline Report (Volume 4, Appendix 1A) for further information on 
vegetation community classification methods.  

LCC occurrence in the RSA is summarized in Table 2.5-2. Closed white spruce and mixedwood forests 
comprise the largest proportion of the RSA. Existing anthropogenic and natural (wildfire) disturbance 
accounts for approximately 15% of the RSA at Baseline Case. 

TABLE 2.5-2 
 

VEGETATION COMMUNITIES PRESENT IN THE RSA AT BASELINE CASE 

LCC Area (ha) % of RSA 
Lake, pond, river, stream 3,339 2.3 
Closed Black Spruce 1,412 1.0 
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TABLE 2.5-2  Cont'd 

LCC Area (ha) % of RSA 
Closed Pine 568 0.4 
Closed White Spruce 54,757 37.5 
Closed Aspen, Balsam Poplar and/or Birch 6,915 4.7 
Closed Coniferous and Deciduous Cover (40-60%) 33,678 23.0 
Closed Upland Shrub 3,075 2.1 
Mixed Grassland 1,081 0.7 
Graminoid Wetlands 1,296 0.9 
Shrubby Wetlands  2,525 1.7 
Black Spruce Bog 1,754 1.2 
Wooded Fen 13,166 9.0 
Teriary Roads 865 0.6 
Secondary Roads 168 0.1 
Primary Roads 529 0.4 
Cutblock 9,121 6.2 
Regenerating Cutblock 7,874 5.4 
Wildfire 464 0.3 
All Other Disturbances 2,753 1.9 
Shadow/No Data 796 0.5 
TOTAL 146,138 100 

 

2.5.2 Traditional Ecological Knowledge 

During the TEK field surveys, moose, deer, black bear, wolf, hare, fox, squirrel, grouse, hawk and caribou 
were identified by participants as species found throughout the RSA that are used for subsistence, 
economic or cultural purposes.  

Aboriginal participants of the field surveys found evidence of hunting and trapping activity in the RSA and 
indicated that lands within the RSA provide ideal habitat for wolverine, fisher, wolf, squirrel, rabbit and 
lynx, and good hunting lands for bear, moose, elk, deer and caribou. Participants related stories of setting 
traps for lynx, setting up the cubby and snare, baiting the trap and protecting it from other predators. 

Several game trails were identified within the RSA and participants identified signs of moose, elk, deer 
and caribou. Participants shared stories of bison in the area historically, some even within the memory of 
Elders today. Bison are known to move out of valley areas to seek out high ground in the winter. 

Participants identified a variety of animal products with traditional purposes including medicines for colds 
and congestions, products for use during the tanning process to soften a hide and materials for creating 
knives and other implements.  

Participants noted the increased evidence of wildlife signs at oil and gas facilities (e.g., pigging stations) 
within the wildlife RSA and suggested that the use of chemicals at these locations attract wildlife, which 
use them as licks. Participants have observed a decline in the populations of many animals in the area 
over time and suggested that the rapid increase of anthropogenic development in the RSA has forced 
animals to move to less developed lands. 

Refer to the TEK and Land Use Assessment (Volume 5, Section 3.0) for additional detail on the results of 
the TEK program related to wildlife. 

2.5.3 Species with Special Conservation Status 

No species with special conservation status were reported by FWMIS to occur within the 1 km LSA prior 
to wildlife baseline field surveys for the Project (ASRD 2011a). Species with special conservation status 
that have been previously detected in the RSA include common yellowthroat, fisher, sandhill crane, 
western tanager, western toad and woodland caribou (ASRD 2011a, Alberta Biodiversity Monitoring 
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Institute [ABMI] 2012). A total of 57 wildlife species with special conservation status were identified as 
having potential to occur in the RSA, including 9 mammals, 46 birds, 1 amphibian and 1 reptile 
(Appendix 2B, Table 2B-8). 

Species with special conservation status observed during field surveys are summarized in Table 2.5-3 
(also see Appendix 2B, Figures 2B-15 to 2B-20). A total of 35 species with provincial or federal 
conservation status designations of concern were observed in the RSA. Four species listed under both 
Schedule 1 of the federal SARA and COSEWIC were recorded, including woodland caribou, common 
nighthawk, olive-sided flycatcher and western toad (Environment Canada 2011b, COSEWIC 2011). Five 
additional species with federal designations under COSEWIC (2012) were observed, including little brown 
myotis, northern myotis, wolverine, horned grebe and barn swallow. Of the 35 species with special 
conservation status observed in the RSA, 30 are listed as Sensitive in Alberta, 3 species are listed as 
May Be At Risk, 1 is listed as At Risk and 1 is listed as Secure (ASRD 2011c). Three of the observed 
species with special conservation status are listed under the Alberta Wildlife Act, including woodland 
caribou (Threatened), barred owl and black-throated green warbler (both Special Concern). 

A list of species with special conservation status that have potential to occur in the RSA is provided in 
Appendix 2A. Species that were identified as having potential to occur in the RSA that were not detected 
during field surveys include American bittern, Baltimore oriole, black tern, Canada warbler, eastern 
phoebe, Forster’s tern, great blue heron, great-crested flycatcher, lesser scaup, northern harrier, osprey, 
pied-billed grebe, rusty blackbird, sedge wren, sharp-tailed grouse, short-eared owl, Swainson’s hawk, 
trumpeter swan, western grebe, white-winged scoter, yellow rail, Canadian toad and red-sided garter 
snake. 

TABLE 2.5-3 
 

SPECIES WITH SPECIAL CONSERVATION STATUS OBSERVED DURING 2010-11 FIELD SURVEYS 

Species 
Provincial 

Status1 Federal Status 

Number 
Locations 
Observed 

within RSA4 

Number of 
Locations 

Observed within 
LSA4 ELCs6 

MAMMALS 
Canada lynx Sensitive --- 38 32 d1, d3, e3, f1, f3, h1, j1, regenerating burn, 

cutblock, regenerating cutblock, anthropogenic 
eastern red bat Sensitive --- 7 6 d3, e3, j1, regenerating cutblock, anthropogenic 
fisher Sensitive --- 7 7 d1, k1, anthropogenic 
hoary bat Sensitive --- 11 9 Widespread / multiple (e.g., d1, d3, i1, k1, 

regenerating cutblocks). Most common near 
beaver ponds and riparian areas.  

little brown myotis5 --- Endangered2 5 confirmed + 
24 probable 

4 confirmed + 23 
probable 

Widespread / multiple (e.g., d1, d3, i1, 
anthropogenic, regenerating burns, regenerating 
cutblocks). Most common near riparian areas. 

northern myotis5 May Be At Risk Endangered2 10 confirmed + 
24 probable 

9 confirmed + 23 
probable 

Widespread / multiple (e.g.,  d1, d2, d3, e2, i1, 
anthropogenic, regenerating burns, regenerating 
cutblocks). Most common near riparian areas.   

silver-haired bat5 Sensitive --- 1 confirmed + 
24 probable 

1 confirmed + 23 
probable 

Widespread / multiple (e.g., d3, e3, i1). Most 
common near beaver ponds and riparian areas.  

wolverine May Be At Risk Special Concern2 4 3 Anthropogenic, cutblock 
woodland caribou At Risk; 

Threatened 

Threatened2,3 6 3 i1, anthropogenic 

OWLS, FOREST HAWKS AND NIGHTHAWKS 
American kestrel Sensitive --- 13 12 cutblock, regenerating cutblock, anthropogenic 
bald eagle Sensitive --- 1 0 not applicable; found outside the extent of ELC 

mapping by the Athabasca River. 
barred owl Sensitive; 

Special 
Concern 

--- 14 13 d2, e1, e2, i1, shrubby wetland, regenerating 
cutblock, anthropogenic 

broad-winged hawk Sensitive --- 4 2 d2, anthropogenic 
common nighthawk Sensitive Threatened2,3 8 6 forages in clearings and above canopy (e.g., e3, 

cutblocks, regenerating cutblocks, anthropogenic) 
great grey owl Sensitive --- 5 3 e3, anthropogenic 
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TABLE 2.5-3  Cont'd 

Species 
Provincial 

Status1 Federal Status 

Number 
Locations 
Observed 

within RSA4 

Number of 
Locations 

Observed within 
LSA4 ELCs6 

northern goshawk Sensitive --- 4 4 cannot be determined (flybys) 
WATERBIRDS AND RAILS 
American white pelican Sensitive --- 1 0 not applicable, flyover only 
green-winged teal Sensitive --- 4 1 l1 
horned grebe Sensitive Special Concern2 1 0 not applicable; found outside the extent of ELC 

mapping 
northern pintail Sensitive --- 1 0 regenerating cutblock / anthropogenic 
sandhill crane Sensitive --- 25 24 cutblock, anthropogenic 
sora Sensitive --- 15 11 j1, k3, l1, shrubby wetland, anthropogenic 
PASSERINES AND WOODPECKERS 
barn swallow Sensitive Threatened2 1 1 d1 
bay-breasted 
warbler 

Sensitive --- 14 13 d2, e2, g1 

black-backed 
woodpecker 

Sensitive --- 5 4 f3, g1, h1, cutblock 

brown creeper Sensitive --- 3 3 d2, e3, j1 
black-throated green 
warbler 

Sensitive; 
Special 
Concern 

--- 3 3 d1, e2 

Cape May warbler Sensitive --- 60 57 d1, d2, d3, e2, e3, f2, f3, g1, h1, i1, j1, shrubby 
wetland, regenerating burn, cutblock, regenerating 
cutblock 

common yellowthroat Sensitive --- 30 21 d3, f1, k3, shrubby wetland, regenerating burn, 
cutblock, regenerating cutblock, anthropogenic 

least flycatcher Sensitive --- 7 4 e2, e3, j1, cutblock 
olive-sided flycatcher May Be At Risk Threatened2,3 2 1 anthropogenic 
pileated woodpecker Sensitive --- 15 11 d2, e2, f2, j1, regenerating cutblock 
western tanager Sensitive --- 13 9 d3, e2, e3, cutblock 
western wood pewee Sensitive --- 3 2 i1 
AMPHIBIANS 
western toad Sensitive Special Concern2,3 154 120 d1, d2, d3, e2, e3, f1, g1, h1, i1, i2, j1, j2, k1, k2, 

k3, l1, shrubby wetland, regenerating burn, 
cutblock, regenerating cutblock, anthropogenic 

Notes: 1 Provincial designations of Sensitive, May Be At Risk and At Risk are based on the Status of Alberta Wildlife Species (ASRD 2011c). Secure 
status designations are not included. Provincial designations Special Concern and Threatened refer to status under the Alberta Wildlife Act. 

 2 Federal designations based on COSEWIC 2012a. 
 3 Federal designation under Schedule 1 of SARA. 
 4 Multiple observations of the same species that are not spatially distinct (e.g., observations at echolocation monitoring stations, avian point 

count stations, amphibian breeding waterbodies) are reported as a single observation (i.e., location) for the purposes of this table. Locations 
are mapped in Apon Figures 2B-15 to 2B-20. Locations well outside of the LSA are beyond the map extent and are excluded from the figures 
(e.g., 1 common nighthawk, 2 broad-winged hawks and 1 horned grebe location) 

 5 The echolocation calls of silver-haired bats and northern myotis cannot reliably be distinguished from big brown bats and little brown myotis, 
respectively. The number of locations where the species complex was detected using echolocation recordings are also reported as ‘probable’, 
since a large proportion of these likely represent detections by the species of interest. Big brown bats do not have special conservation status 
in Alberta, but silver-haired bats are generally more common in northern Alberta. All bat species reported to occur were visually confirmed, 
except for eastern red bats. 

 6 ELCs include locations where the species was detected within the 1 km LSA, and includes both systematic survey and incidental observations. 
Only observations where a habitat association could be determined were included. The ELCs listed are not necessarily indicative of habitat 
quality.  

 

2.5.4 Wildlife Indicators 

This section provides a summary of information on wildlife indicators collected during literature review and 
baseline field surveys, and also includes a discussion of habitat availability for the Baseline Case. The 
Wildlife Baseline Report (Appendix 2B) provides additional details of field survey results. Refer to the 
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Wildlife Habitat Models (Appendix 2C) for a summary of habitat requirements for modeled wildlife 
indicators. 

2.5.4.1 Beaver 

Beaver activity has created numerous ponds throughout the Project area. Active beaver structures were 
observed at seven locations within the LSA during baseline field surveys, and an additional six inactive 
structures were identified within the LSA. Additional beaver activity (lodges, dams, chewed trees) was 
recorded incidentally within the RSA. Beaver ponds create important habitat for the wildlife community in 
the RSA (e.g., bats, breeding and migratory birds, amphibians, etc.). 

Beaver habitat requirements are detailed in Appendix 2C. Suitable beaver habitat is located near open 
water (e.g., streams, ponds, lakes, rivers). In northern Alberta, Martell et al. (2006) found that 90% of 
beaver foraging occurred within 40 m of the water’s edge. In general, beavers feed on progressively 
smaller vegetation as the distance from the water’s edge increases, likely due to the greater handling time 
of large food items and the increased risk of predation (Jenkins 1980). Since there are relatively few 
watercourses and open water ponds in the LSA, beaver habitat is somewhat limited. Results of the 
beaver HSI models indicate that approximately 8% of the LSA and 11% of the RSA are moderate and 
high suitability habitat for beaver at Baseline Case (Table 2.5-4). 

TABLE 2.5-4 
 

BEAVER HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
300 m LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 4,808 87 109,767 75 
Low 284 5 18,860 13 
Moderate 314 6 11,034 7 
High 126 2 5,672 4 
Total Moderate and High Habitat 440 8 16,706 11 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

2.5.4.2 Black Bear 

Black bears are listed as Secure in Alberta (ASRD 2011c) but are listed as a Priority 2 wildlife indicator by 
the CEMA (2002). Black bears are an important species of management consideration due to their 
importance for traditional use and predator-prey interactions (particularly related to ungulates) (Mosnier et 
al. 2008, Latham et al. 2011). In addition, black bears may be negatively impacted by human 
development, but they are capable of adapting to disturbance and, as a result, human-bear conflict is a 
concern. Evidence of black bear was detected incidentally in the LSA and RSA during baseline field 
surveys, and identified by TEK participants as a species used for subsistence, economic or cultural 
purposes. 

Black bear habitat suitability is dependent on availability of both forage and cover (refer to Appendix 2C 
for detailed discussion of black bear habitat requirements). During spring and early summer, bears prefer 
areas where graminoids and forbs are likely to occur. These areas typically coincide with relatively open 
areas that receive greater sun exposure, such as wetlands, burns, and linear features, including roads 
and seismic lines (Mosnier et al. 2008, Latham et al. 2011). During the late-summer, bears move to areas 
where berries are more common, which are more likely to be associated with upland forest and 
regenerating burns and clearcuts (Obbard and Kolenosky 1994, Brodeur et al. 2008, Mosnier et al. 2008). 
Young coniferous forest, bogs and nutrient poor fens are likely to be avoided during all seasons since 
these are unlikely to provide suitable herbaceous vegetation or berry-producing species (Latham et al. 
2011, Pelchat and Ruff 1986). Black bears often make extensive use of boreal forest clearcuts, especially 
during the summer and fall once fruit begins to ripen (Obbard and Kolenosky 1994, Brodeur et al. 2008, 
Mosnier et al. 2008). However, proximity to forest cover (e.g., with large-diameter trees available to climb) 
is required for black bears to evade predators or other threats. Bears appear to avoid clearcuts and other 
openings if escape cover, consisting of large diameter trees, is not present nearby. Reduced bear activity 
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was observed in clearcuts if the distance exceeded 100-200 m from the forest edge (Rogers and Allen 
1987, Zapisocki et al. 1998). Results of habitat suitability modeling indicate a relatively large portion of the 
LSA and RSA provide moderate and high suitability habitat for black bear (Table 2.5-5). 

TABLE 2.5-5 
 

BLACK BEAR HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
300 m LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 340 6 4,660 3 
Low 1,555 28 68,818 47 
Moderate 2,083 38 41,657 29 
High 1,553 28 30,198 21 
Total Moderate and High Habitat 3,636 66 71,855 49 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Linear features have been found to contribute to black bear mortality both directly (i.e., road kill) and 
indirectly (i.e., legal and illegal hunting). The density of open roads (i.e., primary and secondary roads) in 
the LSA and RSA at Baseline Case is 0.1 km/km². This road density is well below the identified threshold 
of 1.2 km/km² below which the rate of human-caused bear mortalities is expected to be minimal. 

2.5.4.3 Fisher 

Various habitat types are used by fishers throughout their range. Mature, dense forest stands with diverse 
structural characteristics (e.g., various tree sizes and shapes, light gaps, standing and fallen dead wood, 
multi-level canopy) are considered optimal (refer to Appendix 2C for detailed discussion of fisher habitat 
requirements). Open or disturbed areas and forest stands with low canopy cover are generally avoided, 
particularly during winter (Powell and Zielinski 1994, Badry et al. 1997, Allen 1983, Westworth 2002). 

Results of habitat suitability modeling for fisher indicate that approximately 33% of the LSA is moderate 
and high suitability habitat for fisher at Baseline Case, while nearly twice as much (61%) of the RSA is 
moderate and high suitability fisher habitat (Table 2.5-6). The higher proportion of suitable habitat in the 
RSA compared to the LSA is explained by the higher level of existing anthropogenic and natural (fire) 
disturbance in the LSA at Baseline Case (55%) compared to the RSA (18%). 

TABLE 2.5-6 
 

FISHER HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 1,136 14 5,983 4 
Low 4,438 53 50,356 34 
Moderate 2,525 30 55,325 38 
High 246 3 33,678 23 
Total Moderate and High Habitat 2,771 33 89,003 61 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

2.5.4.4 Lynx/Snowshoe Hare 

Good lynx habitat includes both late and early seral forests, however, lynx can survive in single habitat 
types (e.g., early seral or mature forests) provided the features to support both hares and denning are 
present (Mowat et al. 2000). The size and distribution of lynx populations is strongly associated with that 
of their main food source, snowshoe hare (Bayne et al. 2008b, Keim et al. 2011). As a result, lynx 
foraging habitat mirrors that of snowshoe hare, although hares tend to use areas with denser vegetation 
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to avoid lynx (Collister et al. 2003). Mowat et al. (2000) suggest lynx hunt along habitat edges since it 
allows them to hunt hares that live in habitats that are too dense to hunt effectively.  

Results of winter track surveys showed that ELCs with higher densities of lynx tracks generally 
corresponded to ELCs with relatively high snowshoe hare densities. The highest lynx track density (0.81 
to 0.92 tracks/km-day) observed during winter tracking surveys in 2011 were in f1 (horsetail Pb-Aw) and 
f3 (horsetail Sw) ELCs, and moderate lynx and hare track densities (0.38 to 0.48 tracks/km-day) were 
detected in d1 (low-bush cranberry-Aw) and h1 (Labrador tea/horsetail Sw-Sb) ELCs (Appendix 2B). Lynx 
tracks were not observed in all ELCs where snowshoe hare tracks were observed. Cutblocks were the 
only vegetation community where lynx tracks were detected but snowshoe hare tracks were not observed 
during tracking surveys; the lynx track density in cutblocks was relatively low (0.29 tracks/km-day). 

The RSPF model for snowshoe hare suggests approximately 43% of the LSA is moderate and high 
suitability habitat for snowshoe hare and, therefore, presumably lynx as well. A large proportion (73%) of 
the RSA is moderate and high suitability habitat for snowshoe hare for the Baseline Case (Table 2.5-7). 

TABLE 2.5-7 
 

LYNX/SNOWSHOE HARE HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
300 m LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Low 812 10 10,026 7 
Low – Moderate 1,080 13 28,546 20 
Moderate - High 2,207 26 3,539 2 
High 1,433 17 103,222 71 
Total Moderate and High Habitat 3,640 43 106,761 73 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

2.5.4.5 Moose 

Boreal forests are fire driven ecosystems. The association of moose with early successional stages of 
post-fire habitats in the boreal forest is commonly accepted (Peek 2007). Fires create high quality forage 
sources for moose. Optimal successional stages for moose in burned areas usually occur 10 to 30 years 
following fire (Nietfeld et al. 1985, Peek 2007). Moose may use recently burned areas less frequently than 
remnant forests, and browse shrubby vegetation within young burns near forest edges (i.e., less than 
100 m from forest edges) (Peek 2007). A mosaic of early seral (shrubby) habitats (approximately 40-60% 
of the landscape) interspersed with deciduous (35-55%) and coniferous forests (5-15%) is suggested to 
provide optimal moose habitat (Peek 2007, Collister et al. 2003). Refer to Appendix 2C for a detailed 
discussion of moose habitat requirements. 

Forest harvest is a prominent activity in the RSA. Despite differences in landscape patterns between fire 
and harvested areas (e.g., smaller patch size, younger remnant forest patches, increased edge density in 
harvested areas compared to burns), harvested landscapes can benefit moose in a similar way by 
opening the canopy and increasing forage production (Collister et al. 2003). In the boreal forest, optimal 
forage production for moose first occurs in cutblocks approximately 10 to 15 years following harvest 
(Collister et al. 2003).  

Reduced use or avoidance of linear features such as roads, trails and seismic lines by moose has been 
documented (Rolley and Keith 1980, Ferguson and Keith 1982, Collister et al. 2003). Levels of human 
activity (e.g., noise, traffic) affect moose response to these types of anthropogenic disturbance (Collister 
et al. 2003). Wasser et al. (2011) reported moose avoided linear features with no or unknown levels of 
human use and areas near primary roads; however, avoidance effects were not apparent for moose 
beyond several hundred metres of exploration roads.  

Based on moose observation data collected in the LSA during baseline field surveys, moose do not 
appear to respond negatively to tertiary (i.e., low-use winter access) roads in the LSA. During winter 
aerial surveys transects for the Project, moose were observed in 6 of the 27 vegetation communities 
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surveyed, and were most frequently detected in regenerating cutblocks (67% of observations), recent 
cutblocks (15%) and shrubby wetlands (7%) (Appendix 2B). Results of winter track transect surveys 
showed highest moose track densities in mixedwood forest (densities of 4.6 to 5.6 tracks/km-day). The 
apparent higher use of d2, e2 and e3 ELCs evident from the track data is the result of very high track 
densities in these ELCs on two of the transects. The remaining transects that encountered these ELCs 
had much lower moose track densities. Some conifer stands, shrubby wetlands and shrubby rich fens 
had relatively high track densities (e3: 2.3 tracks/km-day; f3: 1.6 tracks/km-day; shrubby wetland: 
2.1 track/km-day; k2: 1.9 tracks/km-day). Black spruce and Labrador tea dominated conifer stands, 
deciduous stands, bogs and fens, and disturbed areas (cutblocks, regenerating cutblocks and burns) had 
relatively low track densities. 

Results of the habitat modeling indicate approximately 28% of the LSA is moderate and high suitability 
habitat for moose at Baseline Case (Table 2.5-8). The RSPF model used for the LSA shows moose 
select vegetation communities that are shrub dominated, burned in the last 40 years, within 100 m of 
water (i.e., riparian areas) and have low conifer densities (Appendix 2C). A large proportion of the 
modelled low suitability habitat for moose in the LSA is in lowland bogs, fens and black spruce stands. 
White spruce dominated stands and marshes also comprise a substantial proportion of the area within the 
LSA rated as low suitability moose habitat. A much higher proportion (74%) of the RSA is rated as 
moderate and high suitability habitat for moose compared to the LSA (Table 2.5-8). Given the available 
data at the regional scale, the RSPF model could not be applied to the RSA and an HSI model for 
wintering moose was developed based on a literature review and existing habitat modeling for moose 
(Fisher 2004). Similar to the RSPF model, the regional moose HSI model indicates moose select riparian, 
shrubby, deciduous and mixedwood forest, and regenerating cut/burned habitats. 

There are few features in the RSA that have low permeability for moose at Baseline Case (e.g., 
Highway 63, high-use oil and gas facilities). Linear features such as secondary roads and seismic lines 
are not considered an impediment to moose movement (Collister et al. 2003). Natural features such as 
the Athabasca River and McMillan Lake likely limit moose movement to some degree. 

TABLE 2.5-8 
 

MOOSE HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Low 3,832 46 8,855 6 
Low – Moderate 2,201 26 27,635 19 
Moderate - High 2,037 24 61,744 42 
High 341 4 47,108 32 
Total Moderate and High Habitat 2,378 28 108,852 74 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

2.5.4.6 Northern Goshawk 

Northern goshawk nesting home ranges are comprised of the nesting area, post-fledging area, and 
foraging area (Reynolds et al. 1992). Nest areas may be defined as the area approximately 12 ha in size 
that is the centre of breeding movements and behaviours from courtship through fledging (Reynolds et al. 
1992) and represents the portion of the home range that is defended by goshawks (Schaffer et al. 1999). 
Although smaller areas (12 ha to 24 ha) may be used successfully for nesting, goshawks prefer larger 
(30 ha to 80 ha) stands for nesting (Kennedy 2003). The post-fledging family area of northern goshawks 
is variable. Reported average nesting/post-fledging areas in BC range from approximately 20 ha to 59 ha 
(Mahon 2003 cited in Mahon 2009b, McClaren et al. 2005). Nesting reserves, or areas of contiguous 
forest suitable for nesting and containing goshawk nests, have the highest probability of continued use 
when they are 100 ha or larger, and are unlikely to maintain long-term occupancy when they are smaller 
than 25 ha in size (Harrower et al. 2011, Stuart-Smith et al. 2011).  
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Habitat model results indicate there is very little (1%) moderate and high suitability nesting habitat for 
northern goshawk at Baseline Case in the LSA (Table 2.5-9). Moderate and high suitability goshawk 
nesting habitat appears to be more abundant (57%) in the RSA (Table 2.5-9), which may be explained in 
part by the lower proportion of disturbance in the RSA (18%) compared to the LSA (55%). In addition, 
goshawks are known to avoid habitats within 100 m of disturbed areas or natural openings such as 
meadows or graminoid fens (i.e., hard edges). When the habitat available in an area is a mosaic of 
habitat patches of varying vegetation composition and heights, the result is reduced habitat effectiveness 
of a relatively large proportion of otherwise suitable habitat due to its proximity to a hard edge.  

Patch sizes of moderate and high suitability goshawk nesting habitat in the LSA at Baseline Case range 
from less than 0.1 ha to 13.2 ha (mean 0.9 ha). Only one habitat patch with moderate to high suitability 
habitat rating in the LSA is larger than 12 ha, suggesting that potential goshawk nesting habitat in the 
LSA is very limited at Baseline conditions. Few goshawks were observed in the LSA during field surveys, 
and no nests were found. It is possible that goshawks were using the LSA for foraging, and core nesting 
areas were located outside the LSA.  

Based on the proportion of suitable northern goshawk habitat available in undisturbed areas of the RSA 
at Baseline Case, the RSA is expected to potentially have 98,334 ha (67%) of moderate and high 
suitability goshawk nesting habitat in pre-development conditions. At Baseline Case, the existing 
disturbances in the RSA have resulted in an estimated 10% loss of moderate and high suitability goshawk 
nesting habitat available compared to pre-development conditions. This proportion of habitat disturbance 
in the RSA is well below the level of regional suitable habitat loss (i.e., 70%) at which point habitat 
arrangement (i.e., fragmentation) effects become substantive (see Section 2.4.4.2). This suggests that at 
Baseline Case, fragmentation effects are not a factor for northern goshawk.  

TABLE 2.5-9 
 

NORTHERN GOSHAWK HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 7,480 89 41,219 28 
Low 611 7 20,354 14 
Moderate 99 1 12,251 8 
High 19 <1 71,519 49 
Total Moderate and High Habitat 118 1 83,770 57 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

2.5.4.7 Old-Forest Bird Community 

Consistent with the CEMA Priority 1 wildlife indicator, the old-forest bird community considered in this EIA 
is comprised of the following species: bay-breasted warbler; black-throated green warbler; brown creeper; 
Cape May warbler; golden-crowned kinglet; red-breasted nuthatch; western tanager; white-winged 
crossbill; and winter wren (CEMA 2002). In general, mature or old coniferous and conifer-dominated 
mixedwood stands provide optimal habitat for the old-forest bird community, although some of the old-
forest bird species also utilize deciduous and deciduous-dominant stands to a lesser degree (Semenchuk 
2007, Cornell Lab of Ornithology 2011). Refer Appendix 2C for a detailed description of old-forest bird 
habitat requirements. Baseline field surveys showed the highest density of the old-forest bird 
communities, and highest old-forest bird species richness in mixedwood and coniferous forest habitat 
types in the LSA, while bogs, wetlands and disturbed habitat types had the lowest density and richness of 
the old-forest bird species (Appendix 2B). Habitat suitability modeling indicates moderate and high 
suitability habitat for old-forest birds comprises approximately 32% of the LSA and 65% of the RSA at 
Baseline Case (Table 2.5-10). 
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TABLE 2.5-10 
 

OLD-FOREST BIRD HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 3,573 43 33,600 23 
Low 2,109 25 16,087 11 
Moderate 976 11 41,183 28 
High 1,753 21 54,462 37 
Total Moderate and High Habitat 2,730 32 95,645 65 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Based on the proportion of suitable old-forest bird habitat available in undisturbed areas of the RSA at 
Baseline Case, the RSA is expected to potentially have 112,274 ha (77%) of moderate and high suitability 
old-forest bird habitat in pre-development conditions. At Baseline Case, the existing disturbances in the 
RSA have resulted in an estimated 12% loss of moderate and high suitability old-forest bird habitat 
available compared to pre-development conditions. This proportion of habitat disturbance in the RSA is 
well below the level of regional suitable habitat loss (i.e., 70%) at which point habitat arrangement (i.e., 
fragmentation) effects become substantive (see Section 2.4.4.2). This suggests that at Baseline Case, 
fragmentation effects are not a factor for old-forest birds. 

2.5.4.8 Sandhill Crane 

Sandhill crane nesting sites must be located in shallow water with surrounding vegetation to serve as 
cover, and away from human disturbance (Carlisle 1982, Cooper 1996). Marshes and areas of open fen 
or bog in the LSA and RSA provide these types of habitats. Nesting habitat must also provide sufficient 
food resources (foraging habitat) for rearing young, which is available in early seral vegetation 
communities (e.g., recent and regenerating burns and cutblocks, anthropogenic clearings such as seismic 
lines and utility corridors) in the LSA and RSA. Refer to Appendix 2C for a detailed description of sandhill 
crane habitat requirements. 

Specific surveys for sandhill cranes were not conducted. Sandhill cranes were frequently recorded 
incidentally during the 2011 wildlife baseline field surveys, with 42 individuals recorded at 24 locations 
within the LSA, and 45 individuals recorded at 26 locations in the RSA (Appendix 2B). Moderate and high 
suitability nesting habitat for sandhill cranes is limited at Baseline Case, comprising approximately 5% of 
the LSA and 9% of the RSA (Table 2.5-11). Sandhill crane nesting habitat in the LSA occurs mainly in 
marshes, graminoid fens, shrubby bogs and fens (i2, j2, k2), and shrubby wetlands. 

TABLE 2.5-11 
 

SANDHILL CRANE HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 6732 80 114593 78 
Low 1255 15 17373 12 
Moderate 365 4 12176 8 
High 59 1 1190 1 
Total Moderate and High Habitat 424 5 13366 9 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

2.5.4.9 Western Toad 

Western toads require wetland and upland habitats, and movement corridors between these areas (Wind 
and Dupuis 2002). Western toads breed in various natural and artificial aquatic habitats, including ponds, 
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stream edges, shallow margins of lakes, ditches, road ruts and borrow pits (Wind and Dupuis 2002, 
Stevens et al. 2006). Browne et al. (2009) suggest landscape variables are more influential to western 
toad relative abundance than quality of breeding habitat. Since winter is a critical time for amphibians in 
cold climates, the availability of suitable hibernation habitat may be limiting for western toads at the 
northern edge of the species’ range and at high elevations (Browne and Paszkowski 2010). Refer to 
Appendix 2C for a detailed discussion of western toad habitat requirements. 

The LSA is represented by a large proportion of bogs and fens, which provide suitable breeding habitat 
for amphibians. Western toads (n=90) were the most numerous species, detected at 52% (n=34) of the 
stations sampled, during systematic baseline field surveys (Appendix 2B). Western toads were detected 
at 122 locations throughout the LSA (158 locations within the RSA), and were most commonly observed 
in disturbed graminoid habitat along existing rights-of-way as well as within recent (≤10 years) and 
regenerating (11-30 years) cutblocks. Evidence of reproductive effort (i.e., egg strings and tadpoles) was 
most commonly observed in disturbed graminoid habitat along existing rights-of-way and within marsh (l1) 
wetland habitat. Artificial ponds created by industrial activity ditches, wheel ruts in roads and borrow pits 
are attractive to western toads for breeding since they warm early in the spring; however, these shallow 
habitats potentially act as population sinks since they may dry up too early for successful metamorphosis, 
resulting in low or no juvenile recruitment (Gyug 1999, Stevens et al. 2006). 

Habitat suitability modeling indicates approximately 54% of the LSA and 78% of the RSA are moderate 
and high suitability habitat for western toad (Table 2.5-12). This is due in part to the higher density 
(0.8 km/km²) of watercourses and drainages in the RSA compared to the LSA (watercourse and drainage 
density of 0.4 km/km²), and higher proportion of lakes and ponds in the RSA (2.9%) than the LSA 
(<0.1%), which provide potential breeding habitats. In addition, recent and regenerating cutblocks are 
considered poor quality habitat for western toad, since the small, shallow artificial ponds created by stump 
cavities, ditches and deck sites are potential population sinks. The LSA has a higher proportion (43%) of 
recent and regenerating cutblocks compared to the RSA (11%). 

TABLE 2.5-12 
 

WESTERN TOAD HABITAT AVAILABILITY AT BASELINE CASE 

Habitat Suitability Rating 
1 km LSA RSA 

Area (ha) % LSA Area (ha) % RSA 
Nil 2,834 34 22,386 15 
Low 1,010 12 8,267 6 
Moderate 2,250 27 71,485 49 
High 2,318 27 43,195 29 
Total Moderate and High Habitat 4,568 54 114,679 78 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

2.5.4.10 Woodland Caribou 

The Project Area and 1 km LSA are located outside of identified caribou ranges. However, the RSA 
overlaps portions of the Wandering, Agnes and Wiau caribou herd ranges, which are local populations 
within the East Side Athabasca River (ESAR) Caribou Range. The CRSA boundary for the Project was 
delineated to include the Wandering and Agnes caribou herd ranges (Figure 2.3-3). FWMIS records 
indicate 33 woodland caribou at 6 separate locations have previously been reported within the RSA from 
1993 to 2003 (ASRD 2011a). The FWMIS record of woodland caribou nearest the Project Area prior to 
baseline field surveys for the Project occurred approximately 2.6 km south the 1 km LSA. Telemetry data 
from 1999-2011 for the Wandering and Agnes herds indicate collared woodland caribou in the region 
were primarily using habitats within the current provincially identified Agnes and Wandering Caribou 
Ranges, though a few points indicate caribou from the Agnes herd wandered south into the area of the 
LSA (Alberta Caribou Committee 2011). These data appear to support the current delineation of caribou 
range boundaries for the Wandering and Agnes herds. Evidence of caribou was observed at 6 locations 
(5 locations with tracks/trails, 1 location with cratering and trails) during the TEK and wildlife field surveys. 
Three observations (all tracks/trails) were within the 1 km LSA. One observation within the LSA occurred 
during wildlife surveys, and consisted of tracks traveling along an existing right-of-way, adjacent to a treed 
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bog (i1). Two other observations of caribou trails within the LSA occurred during TEK surveys, and both 
were associated with treed bogs (i1). 

Local caribou population ranges encompass areas large enough for all life processes (calving, rutting, 
wintering, etc.). Therefore, woodland caribou require large tracts of continuous undisturbed habitat as 
they generally disperse when calving to reduce predation risk (Vistnes and Nellemann 2001, Environment 
Canada 2011a). Preferred habitat is typically mature old coniferous forest (e.g., jack pine and black 
spruce) with abundant lichen, muskegs, and peatlands intermixed with upland or hilly areas (Brown et al. 
1986, Bradshaw et al. 1995, Stuart-Smith et al. 1997, Neufeld 2006, O’Brien et al. 2006, Brown et al. 
2007, Rettie and Messier 2000, Courtois and Ouellet 2007). In general, sufficient canopy-cover or wind-
exposed areas are required to keep snow depth at low enough level to allow foraging (LaPerriere and 
Lent 1977, Collins and Smith 1991, Schaefer and Pruitt 1991). Woodland caribou have been known to 
shift habitat in response to anthropogenic (e.g., industrial activity) (Dyer et al. 2001, 2002) and natural 
disturbance (e.g. burns) (Schaefer and Pruitt 1991). Avoidance behaviour is especially high during calving 
season when females disperse to relatively predator free areas (Environment Canada 2011a). 

Environment Canada (2011c) reports the current non-overlapping habitat disturbance of the ESAR 
Caribou Range at 81% (77% anthropogenic, 26% fire), which exceeds levels that would allow the caribou 
population to persist in the area (65% undisturbed habitat in a range is identified as the threshold that 
provides a measurable probability for a local population to be self-sustaining [Environment Canada 
2011a]). The Athabasca Landscape Team (2009) rated the overall risk to caribou persistence as 
moderate for the ESAR West Sub-planning Area (i.e. the area within the ESAR Cribou Range west of the 
Bitumen Fairway). The ESAR Caribou Range has an estimated population size of 90 to 150 individuals 
(ASRD and Alberta Conservation Association [ACA] 2010). Current range conditions are highly unlikely to 
maintain a self-sustaining population over time, and the average population trend over the last five years 
reported (λ=0.85, last reported value 0.84 [ASRD and ACA 2010]) indicates that the population is in rapid 
decline. Given current habitat and population conditions, the probability of growth rate stabilizing or 
increasing over the next 20 years is low (0.09). In addition, the probability that the ESAR population is 
large enough to avoid quasi-extinction over the next 50 years without active management is low (0.65-
0.74) and poor habitat quality is suggested as having an adverse effect. Sorensen et al. (2007) found that 
caribou populations in Alberta are not sustainable if the industrial footprint within a caribou range is 
greater than 61%. Results of analysis of woodland caribou populations in Alberta and habitat 
characteristics indicate that linear feature density and young forest (burns and cutblocks) have the 
greatest influence on caribou population dynamics (Schaefer and Pruitt 1991, Boutin and Arienti 2008).  

2.6 Application Case 

2.6.1 Potential Project Effects and Mitigation 

The issues described in Section 2.3.4 outline the potential effects of the Project on wildlife. In general, the 
potential effects of the Project on wildlife are: loss of available habitat and reduced habitat effectiveness; 
changes in wildlife movement; and reduced wildlife health and increased mortality risk. These effects may 
combine to cause potential changes to wildlife abundance. 

BlackPearl is using project design as one method of minimizing impacts on wildlife. For example, the 
Project will incorporate the most recent technology to reduce sensory disturbance, and has a minimal 
footprint that avoids important wildlife habitat as much as feasible. To this end, the Project Area will utilize 
existing disturbance features whenever feasible. In addition, BlackPearl will implement the following 
mitigation measures to avoid or reduce Project effects on wildlife: 

• The Project Area will be minimized to the extent practical. Existing linear corridors will be used for 
access and installation of new infrastructure, where feasible. Project developments will be integrated 
with other proposed land use activities to reduce new disturbance, increased linear feature density, 
industrial noise and cumulative habitat loss. BlackPearl will use existing seismic lines that are starting 
to regenerate only when other reasonable options do not exist. The use of directional drilling (i.e., 
multi-well pads) will reduce the number of well pads required. 
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• Final Project siting will consider reducing disturbance of mature and old forest as much as practical to 
reduce impacts on species dependent on this habitat, such as old-forest birds. Pre-construction 
surveys will be conducted to evaluate habitat conditions at proposed well pads and facility locations, 
and to identify opportunities to reduce impacts on old forest. 

• Site preparation and construction activities will be timed for fall and early winter, which will reduce 
disturbance to wildlife.  

− Clearing of the Project Area will be scheduled to occur outside the migratory bird nesting period 
(April 1 to August 31 for clearing more than 50 ha in a year; May 1 to July 31 for clearing less 
than 50 ha in a year; Gregoire pers. comm.), in accordance with the Migratory Birds Convention 
Act. Pre-clearing nest sweeps will be conducted in the event that clearing is required during the 
nesting period, and appropriate mitigation (e.g., avoidance of occupied nests, setbacks, activity 
restrictions) applied if warranted. BlackPearl employees and contractors will be required to restrict 
activities to the Project Area, which will avoid accidental disturbance of nesting birds in adjacent 
habitats. 

− Potential for disturbance of wildlife during sensitive late winter periods will be reduced by limiting 
late winter clearing. 

• Active forest raptor and owl nests will be identified and activity will be limited within species-specific 
setback distances and timeframes as suggested for the appropriate level of disturbance (low, 
medium, or high) in the Best Management Guidelines for the Enhanced Approval Process (EAP) 
(GOA 2011g). 

• ASRD will be contacted in the event that a hibernating black bear is disturbed during the course of 
vegetation clearing in winter. Suitable mitigation will be discussed and implemented, if warranted. 

• BlackPearl will avoid disturbance of the lick identified by TEK participants at the well site in 
14-30-76-17 W4M. Locations identified during Baseline field surveys with high incidence of wildlife 
sign that are in proximity to the Project Area will be investigated during the final siting phase of the 
Project, and appropriate mitigation will be developed and implemented to address wildlife concerns, 
where warranted. 

• Appropriate setbacks will be maintained between Project facilities and watercourses/riparian areas to 
reduce potential for contamination/sedimentation of waterbodies and avoid disrupting important 
habitat for amphibians, waterbirds and other species. Riparian vegetation will not be controlled (e.g., 
mowed) during the operation phase, wherever feasible. Enhanced riparian restoration measures will 
be applied at disturbed riparian areas (e.g., following reclamation of roads at watercourse/drainage 
crossings). Refer to the Aquatic Ecology Assessment (Volume 3, Section 4.0) for a discussion of 
riparian area minimum setbacks and buffers, and mitigation for crossing construction, operation and 
reclamation. 

• Appropriate drainage culverts will be installed at crossings of any identifiable drainage courses to 
maintain existing drainage patterns.  Surface water from upstream of well pads and the CPF will be 
directed around these areas and back into their original pathways, such that natural drainage patterns 
are maintained. 

• A stormwater pond will be located on the CPF to collect surface runoff on the site. Given that the 
stormwater pond will be in a graded and gravelled facility, it is considered unlikely that western toads 
or other amphibians would use the pond as a breeding site. However, the pond will be inspected 
periodically during operation for amphibians and remedial measures (e.g., exclusion fencing, moving 
amphibians to natural habitats) will be implemented if warranted. 

• Artificial breeding ponds that dry too early in the summer and vehicle/equipment ruts that trap toads 
have potential to affect western toad mortality. BlackPearl will maintain Project road, utility corridor 
and well pad surfaces to remove vehicle/equipment ruts and thereby avoid creating traps where 
western toads may potentially desiccate. During the decommissioning and reclamation phase, the 
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Project Area surfaces will be recontoured and reclaimed to avoid creation of shallow artificial breeding 
ponds. 

• Sodium vapour lamps, which produce considerably less sky glow than metal halide and fluorescent 
lights, will be used to reduce light pollution in the Project Area and mitigate the effects of light on 
night-time flying insects, amphibians, and migratory birds. Appropriate setbacks from waterbodies will 
be applied during final siting of well pads and Project facilities (e.g., 100 m setback from western toad 
breeding ponds). In addition, low reflectance ground cover will be used beneath outdoor lighting, 
vegetation or berms will be installed, and directional or shielded luminaries will be used to further 
reduce stray lighting. BlackPearl will also restrict lighting in areas not being used, and planned flaring 
will occur only during daylight hours. 

• Minimum separation of energized components of electrical facilities (e.g., powerline conductors) will 
meet or exceed Alberta Electric Utilities Code, which will reduce potential for avian electrocution. 

• Above-ground pipelines have the potential to act as a barrier to wildlife movements, particularly 
ungulates. BlackPearl is aware of ASRD recommendations and current scientific research pertaining 
to the mitigation of above-ground pipeline effects on wildlife movement (e.g., Lawhead et al. 2006, 
Dunne and Quinn 2009), and is incorporating this information in the design of the Project as follows: 

− A combination of elevated pipelines and crossing structures (over the pipelines) will be used to 
facilitate movement. Wildlife crossings will be placed at a frequency that ensures overall 
permeability of the LSA to wildlife. Continuous segments of above-ground pipeline >1,000 m will 
have a minimum of three crossing opportunities/1,000 m. Continuous segments of above-ground 
pipeline between 500 m and 1,000 m will have a minimum of two crossing opportunities. 
Continuous segments of above-ground pipeline less than 300 m will have at least one crossing 
opportunity. Crossing opportunities will not be planned within 500 m of the CPF since wildlife is 
anticipated to avoid this site.  

− BlackPearl will conduct a pre-development evaluation of the above-ground pipeline corridors 
considering terrain complexity (i.e., changes in microtopography), in order to ascertain terrain 
limitations and opportunities for management of wildlife crossing locations. The results will be 
shared and discussed with ASRD. BlackPearl will solicit input from ASRD on crossing design and 
placement.  

− Natural topographic variation will be utilized, where feasible, to implement appropriate wildlife 
crossing opportunities (e.g., depressions may provide suitable opportunities for elevated pipelines 
that allow wildlife to move under the pipes; topographic hummocks and/or level terrain may be 
more suited to wildlife crossing structures over the pipes).  

− BlackPearl will consider terrain, engineering constraints, wildlife habitat features, wildlife use 
patterns, and stakeholder/regulatory input when designing and determining placement of wildlife 
crossing features. This process will be repeated for each Project phase, and decisions for 
subsequent phases will incorporate results of wildlife movement monitoring for the previous 
Project phases. 

− Results of Baseline field surveys will assist in identifying appropriate wildlife crossing locations. 
Pre-construction surveys will be conducted to facilitate the correct placement of wildlife crossings. 
Wildlife crossings will be placed in locations that maximize the chances of use by wildlife, such as 
wildlife trails, riparian areas, and high quality habitat where natural vegetative cover is present 
(e.g., mature forests, proximity to water sources). Placement of wildlife crossings close to 
intersections with roads or areas of high human disturbance will be avoided. 

− Crossing structures will be planted with natural vegetation species that are compatible with 
adjacent forest cover to naturalize the structure, encourage wildlife use, and provide protective 
cover. Crossing structures will be designed with gentle slopes (e.g., 6:1) to maintain line-of-sight 
for ungulates, provided it does not require widening of the multi-use corridor to accommodate the 
width of the crossing structure. Structures will be an appropriate width (e.g., 8 m to 10 m), and 
anthropogenic features (e.g., rails) will be avoided, where safety issues are not a concern. 
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− Wildlife crossing locations will be marked to reduce potential for wildlife-vehicular collisions, and 
winter plowing and grading will be conducted in a manner that does not create barriers (e.g., 
snow berms) at wildlife crossings. 

− Wildlife crossings will be monitored during the operation phase to evaluate their effectiveness in 
maintaining wildlife movement (see Section 2.8). Prior to construction, BlackPearl will consult 
further with ASRD to discuss monitoring protocols, such as wildlife cameras and snow tracking. 
Further mitigation will be considered if crossings are not being used by wildlife and the above-
ground pipelines appear to be acting as barriers to wildlife movement. 

• To reduce barriers to wildlife movement during construction, the length of time that welded pipe 
remains on the ground or on skids will be limited. Gaps in strung pipe and snow or debris berms will 
be maintained at regular intervals to allow wildlife movement. 

• Sight-line and access control measures will be implemented on linear corridors in the LSA to reduce 
predator and human mobility and efficiency (e.g., installing earth berms, mounding, transplanting 
larger trees/shrubs, rollback, reclaiming seismic lines at intersections with other linear corridors). 
Appropriate locations for this reclamation will be selected in consultation with traditional land users 
and other companies operating in the LSA (e.g., Millar Western). 

• Natural woody vegetation will be allowed to grow back along the edge of cleared multi-use corridors 
during the operation phase to the extent practical (e.g., safety and pipeline monitoring concerns must 
be accommodated).  

• Reclamation of disturbed sites will be initiated as soon as the work areas are no longer required and 
will be carried out progressively over the lifespan of the Project. Progressive reclamation will be 
conducted throughout the Project phases, including actively revegetating utility and pipeline corridors 
as early in the Project as feasible.  

• An environmental supervisor will be on site during vegetation clearing, soil salvage and handling, 
construction of water crossings, and any other environmentally sensitive construction activities. 

• A Waste Management Program will be implemented to reduce the attraction of bears and other 
predators to the area, which could increase mortality of predators and prey, as well as potentially 
endanger site personnel. BlackPearl will implement the measures outlined in the EAP Operating 
Conditions Bear-Human Conflict Management Plan for Camps (Government of Alberta 2011b) and 
the Alberta BearSmart Program Manual (Government of Alberta 2011c) to prevent bear-human 
conflicts associated with the Project. 

• An Emergency Response Plan, which will include prevention, containment and clean-up measures, 
will be implemented in the event of accidental spills, and is expected to alleviate any potential effects 
on wildlife health and mortality risk associated with exposure to contaminants resulting from a spill or 
chemical release. Environmental consequences of spills will be reduced by restricting fuel 
storage/filling to designated areas located at least 100 m from waterbodies and watercourses. 

• Low speed limits will be posted to reduce potential for vehicle-wildlife collisions, and vehicles will yield 
to all wildlife crossing access roads. BlackPearl’s environmental education program for all site 
personnel and contractors will include expectations that speed limits be adhered to, and for all drivers 
to be aware and yield to wildlife crossing access roads. 

• BlackPearl will monitor access on the multi-use corridors created by the Project. Hunting, poaching, 
disturbance to wildlife, and the creation of packed snowmobile trails in winter will be reduced by 
common operational practices employed by BlackPearl, including, but not limited to, the following:  

− Project access will be designated as ‘dead-end’ routes to discourage hunters and other public 
use; 

− recreational use of snowmobiles and ATVs by employees and contractors will be prohibited in the 
LSA; 
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− off-road access will be limited by rolling back debris and/or reclaiming intersections with existing 
linear disturbances; 

− a zero tolerance policy on the feeding and harassment of wildlife by employees and contractors 
will be enforced in the LSA, and the presence of employee-owned dogs will be prohibited; 

− employees and contractors will be strictly prohibited from carrying firearms on the Project site, 
and from hunting in proximity to the Project Area while working on site or staying in camp; 

− Project access will be designated as ‘dead-end’ routes to discourage hunters and other public 
use of Project access; 

− all individuals will be required to check-in and take a safety orientation prior to entry;  

− Aboriginal communities will be consulted with to maintain access to the LSA for traditional land 
uses; and 

− new access associated with multi-use corridors will be decommissioned and reclaimed in phases 
as the Project progresses. 

• BlackPearl will develop a Wildlife Monitoring Program in collaboration with ASRD, regional working 
groups and stakeholders. Adaptive management will be implemented, if necessary, to mitigate 
negative effects on wildlife. 

• BlackPearl intends to participate in regional monitoring initiatives and adopt standardized monitoring 
protocols as they are developed by the Ecological Monitoring Committee for the Lower Athabasca 
(EMCLA). BlackPearl anticipates that the EMCLA will facilitate sharing of project-specific wildlife 
monitoring information amongst in-situ operators in the region and coordinate regional wildlife 
monitoring efforts. In addition to EMCLA, BlackPearl plans to participate in the ABMI regional 
monitoring program. BlackPearl is also committed to joining the Oil Sands Developers Group 
(OSDG), which is an industry association representing companies actively engaged in the 
development of Canada’s Athabasca oil sands region. BlackPearl will participate on the 
environmental committee which is supportive of the regional biodiversity monitoring initiative. 
BlackPearl will also investigate participation with the Alberta Caribou Committee. 

2.6.2 Habitat 

Disturbed areas within the LSA at Baseline Case account for 36% of the LSA. The Project Area is 
approximately 966 ha, of which approximately 295 ha are within previously disturbed areas (e.g., burns, 
cutblocks and other anthropogenic disturbances) and 671 ha are new cut. The Project Area will increase 
habitat disturbance in the 1 km LSA by 22% (Table 2.6-1). At Application Case, the total area of 
disturbance accounts for 44% of the LSA. The largest proportional habitat loss will occur in deciduous 
forests. Deciduous forests are not limited in the LSA, comprising about 960 ha (11%) at Baseline Case 
and 778 ha (9%) at Application Case. The area of meadows affected by the Project Area is negligible, 
and the b3 and l1 ELCs will not be directly impacted by the Project.  

The closure phase extends 30 years beyond completion of reclamation activities (i.e., to 2080), and 
assumes successional trajectories have been established that will return disturbed sites to pre-
disturbance ecosite phases or prescribed reclamation conditions (target end land use). Closure phase 
mapping for the Project predicts changes in ELCs at the local and regional scales for the Application 
Case (Volume 4, Section 1.6).  

At the local scale, upland mixedwood (d2, f2) and coniferous (d3) forests are predicted to have the 
highest proportional increase at closure phase for the Application Case. Moderate increases are 
predicted in deciduous (f1), mixedwood (e2) and coniferous (f3) upland forests, in addition to shrubby 
bogs (i2) and shrubby poor fens (j2). Decreases in proportional area of wetland ELCs (i1, j1, k1, shrubby 
wetland), as well as disturbed areas (cutblock, regenerating cutblock, regenerating burn, other 
anthropogenic disturbance), are predicted at closure phase for the Application Case. These changes are, 
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in part, a result of successional progression of regenerating disturbances (i.e., regeneration of burns and 
cutblocks present at Baseline Case) to natural ELCs. In addition, portions of the Project Area in wetlands 
are expected to be reclaimed to upland ELCs, which also accounts for some of the predicted increased 
proportion of upland forests at the closure phase for the Application Case. The predicted increases in 
marsh (l1) are expected to result from reclamation of borrow pits (i.e., conversion of upland areas to 
wetlands). Similarly, the predicted increase in coniferous forests with deep peat (g1 and h1) at closure 
phase are expected to occur as a result of borrow pit and well pad reclamation (i.e., transitional areas 
from wetlands to uplands). Refer to the Vegetation Assessment (Volume 4, Section 1.6) for further 
discussion of changes in vegetation communities predicted at closure phase for the Application Case. 

TABLE 2.6-1 
 

CHANGE IN WILDLIFE HABITAT AVAILABILITY BETWEEN 
BASELINE AND APPLICATION CASES IN THE 1 KM LSA 

Habitat Type ELC 
Area (ha) 

% Change Baseline Application Change 
Deciduous Forest d1, e1, f1 960 778 -181 -19 
Mixedwood Forest b3, d2, e2, f2 780 687 -94 -12 
Coniferous Forest c1, d3, e3, f3, g1, h1 1,771 1,577 -194 -11 
Bog i1, i2 501 447 -54 -11 
Fen j1, j2, k1, k2 952 844 -108 -11 
Open Wetland k3, l1,  

shrubby wetland 390 351 -39 -10 

Meadow meadow 2 2 <-1 -11 
Disturbed cutblock, regenerating cutblock, regenerating 

burn, other anthropogenic 3,056 3,726 671 22 

TOTAL 8,412 8,412 --- --- 

Note: Areas of cloud/shadow/no data are excluded. 
 
The area of cutblocks and other anthropogenic disturbance (i.e., well pads, facilities, roads, etc.) in the 
RSA at Baseline Case is approximately 21,312 ha. The Project will result in an additional 671 ha of 
disturbance, such that combined anthropogenic disturbance in the RSA at Application Case is 22,005 ha 
(Table 2.6-2). This is a 3% increase in the area of anthropogenic disturbance at Application Case 
compared to Baseline Case, however, the overall proportion of anthropogenic disturbance in the RSA 
(15%) changes by less than 1%. The largest proportional habitat loss in the RSA for the Application Case 
is predicted in the deciduous forest (closed aspen, balsam poplar and/or birch) and closed upland shrub 
LCCs, as well as regenerating cutblocks. These LCCs comprise a relatively low proportion of the RSA at 
Baseline Case (Table 2.5-2), which accounts for the proportionately higher level of change at Application 
Case.  

TABLE 2.6-2 
 

CHANGE IN WILDLIFE HABITAT AVAILABILITY BETWEEN 
BASELINE AND APPLICATION CASES IN THE RSA 

LCC1 

Area (ha) 
% Change Baseline Application Change 

Close Black Spruce 1,412 1,406 -7 <-1 
Close Pine 568 567 -1 <-1 
Closed White Spruce 54,757 54,591 -166 <-1 
Closed Aspen, Balsam Poplar and/or Birch 6,915 6,784 -130 -2 
Closed Coniferous and Deciduous Cover (40-60%) 33,678 33,452 -226 <-1 
Closed Upland Shrub 3,075 3,019 -56 -2 
Mixed Grassland 1,081 1,074 -7 <-1 
Graminoid Wetlands 1,296 1,292 -4 <-1 
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TABLE 2.6-2  Cont'd 

LCC1 

Area (ha) 
% Change Baseline Application Change 

Close Black Spruce 1,412 1,406 -7 <-1 
Shrubby Wetlands  2,525 2,507 -18 <-1 
Black Spruce Bog 1,754 1,752 -2 <-1 
Woodland Fen 13,166 13,090 -77 <-1 
Lake, pond, river, stream 3,339 3,339 0 0 
Wildfire 464 464 0 0 
Cutblock 9,121 9,046 -75 <-1 
Regenerating Cutblock 7,874 7,748 -125 -2 
Other Anthropogenic 4,317 5,211 894 21 
Combined Anthropogenic Disturbance (cutblocks and other) 21,312 22,005 694 2 3 
Proportion of RSA (146,138 ha) in Combined Anthropogenic Disturbance 15% 15% <1% --- 

Note: 1 Areas of cloud/shadow/no data are excluded. 
 2 The area of the Project disturbance is calculated from rasters at the regional scale and, therefore, do not match the values calculated using 

vectors (polygons) for the LSA. 
 

At closure phase (i.e., following reclamation, once natural successional trajectories are established) for 
the Application Case, deciduous and mixedwood forests are predicted to increase substantially in the 
RSA, followed by white spruce forests and shrubby wetlands (refer to the Vegetation Assessment in 
Volume 4, Section 1.0). Black spruce forests, graminoid wetlands and black spruce bogs are predicted to 
have small increases compared to Baseline Case at closure phase. Existing disturbance on the Project 
Area as well as existing cutblocks, regenerating cutblocks and burned areas in the RSA are expected to 
be reclaimed and reforested to native vegetation communities at closure phase and, therefore, the area of 
disturbance within the RSA at closure phase is predicted to be substantially less compared to Baseline 
Case. 

BlackPearl has initiated development of an Integrated Land Management Plan (ILMP) with the primary 
timber harvest company (Millar Western) and Forest Management Agreement (FMA) holder (Alberta 
Pacific Forest Industries Inc. [Al-Pac]) in the RSA. This ILMP will form the basis for cooperative 
restoration efforts and management of direct and indirect effects of habitat loss for wildlife in the LSA and 
RSA. 

2.6.3 Wildlife Indicators 

2.6.3.1 Beaver 

Change in Habitat Availability and Effectiveness 
The Project is expected to affect very little (approximately 34 ha) moderate and high suitability beaver 
habitat (Figures 2.6-1 and 2.6-2). The change in moderate and high suitability beaver habitat from 
Baseline to Application Case in the LSA is an 8% reduction, but <1% reduction in the RSA (Table 2.6-3), 
which is well below the 30% regional habitat change threshold adopted for beaver. Initial siting of the 
Project Area considered avoidance of watercourses, riparian areas and open water wetlands, which 
reduces loss of potentially suitable beaver habitat. These habitat features will also be a key factor in final 
Project siting. In northern Alberta, Martell et al. (2006) found that 90% of beaver foraging occurred within 
40 m of the water’s edge. Appropriate setbacks will be maintained between the Project Area and 
watercourses and riparian areas (refer to Aquatic Ecology Assessment in Volume 3, Section 4.0 for a 
discussion of minimum setbacks and buffers). These setbacks and reclamation of disturbed riparian 
areas will reduce effects of the Project on beaver habitat availability and effectiveness.  

Beavers are tolerant of human activity, provided sufficient suitable habitat is available (Allen 1982). They 
are both diurnal and nocturnal, but may adjust their activity rhythms to become more nocturnal if they are 
living near human habitation (United States Geological Survey 2006). Given their tolerance and resilience 
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to human activity, and the setbacks of well pads and the CPF from riparian areas, potential effects of 
noise and artificial light resulting from the Project on beaver habitat effectiveness are expected to be 
negligible.  

Existing developments and activities (e.g., cutblocks and other oil and gas development) in the LSA and 
RSA have potential to interact with the Project to cumulatively affect beaver habitat. Minimum riparian 
area and watercourse buffers and setback requirements are expected to be applied to other 
developments in the region (see Volume 3, Section 4.0), which will reduce potential cumulative effects on 
beaver habitat in the RSA. Cumulative effects of the Project and other existing activities on beaver habitat 
availability and effectiveness are expected to be of low magnitude, long-term duration, continuous over 
the life of the Project, and reversible following reclamation (Section 2.6.3.11). As a result, effects on 
beaver habitat availability and effectiveness are expected to be not significant. 

TABLE 2.6-3 
 

CHANGE IN BEAVER HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 4,808 4,884 76 1 109,767 109,831 64 <1 
Low 284 242 -42 -15 18,860 18,830 -30 <-1 
Moderate 314 287 -27 -9 11,034 11,005 -29 <-1 
High 126 119 -7 -6 5,672 5,666 -6 <-1 
Total Moderate and 
High Habitat 

440 406 -34 -8 16,706 16,671 -35 <-1 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Beavers have been reported to travel distances up to 245 m from water to forage, although results of 
studies in northern Alberta indicate most foraging occurs within 30 m of water (Wiacek et al. 2002, Martell 
et al. 2006). Young beavers usually disperse downstream or along riparian areas less than 10 km from 
their natal lodge, but have been reported to travel as far as 240 km by water (Wiacek et al. 2002). The 
Project Area crosses several watercourses and drainages with associated riparian areas. Downstream 
dispersal is not expected to be affected by the Project, however, riparian area movement may be affected 
at intersections with multi-use corridors. Existing roads and the multi-use corridors proposed for the 
Project will likely act as filters to beaver movement rather than complete barriers. For the Application 
Case, cumulative effects of the Project and existing developments on movement of beavers are expected 
to be continuous over the life of the Project and of low magnitude during operation, given the limited 
number of watercourse crossings associated with the Project Area and the relatively low existing 
road/stream crossing density in the region. The potential Project contributions to cumulative effects on 
beaver movement are primarily limited to the construction and operation phases (medium-term) and 
reversible following decommissioning and reclamation (i.e., effects on beaver movement are expected to 
be negligible at closure phase with application of riparian reclamation measures). Effects on beaver 
movement are expected to be not significant (Section 2.6.3.11). 

Change in Health and Mortality Risk 
The potential effects of the Project on beaver health and mortality risk include direct mortality from vehicle 
collisions on multi-use corridors and removal of problem animals, and indirect effects associated with 
increased predation and changes in water quality. Since beavers are semi-aquatic animals, they may be 
susceptible to food chain contamination (Wiacek et al. 2002) from deposition of Project air emissions. 
However, results of the SLWRA indicate that no impacts to wildlife populations are expected at 
Application Case based on estimated wildlife exposures to soil and surface water concentrations of 
chemicals of potential concern (Volume 5, Appendix 4F). Therefore, changes in beaver health as a result 
of reduced water or forage quality are not expected. Mortality risk for beavers associated with traffic will 
be reduced by posting low speed limits on Project access corridors, as well as on the main access road to 
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the Project. If beaver activity obstructs water flow near linear corridors and causes flooding or erosion of 
facilities, beavers may be trapped and relocated or destroyed. In this situation, BlackPearl will consult 
with ASRD and follow their guidance, including obtaining any necessary permits. Beaver removals are 
expected to occur rarely, if at all, over the assessment period. 

Black bear, grey wolf, coyote, fisher, wolverine and lynx prey on beavers foraging on shore or traveling 
over land (Wiacek et al. 2002). Development of linear corridors in the LSA has potential to affect primary 
prey species and predator populations and movement patterns. Mitigative measures to reduce predator 
mobility and efficiency along linear corridors in the LSA (e.g., reclaiming seismic lines at intersections with 
other linear corridors, earth berms, rollback) will reduce predator efficiency by limiting sight-lines and 
mobility.  

Existing causes of beaver mortality in the RSA are similar to those discussed above, but also include 
trapping. Increases in trapping pressure for beaver associated with Project access is expected to be 
negligible. The Project will potentially interact with existing causes of beaver mortality to have a 
cumulative effect in the RSA. The potential residual effects on beaver mortality risk will extend over the 
life of the Project and, therefore, are long-term in duration, but reversible following decommissioning and 
reclamation. With application of mitigation measures, the residual cumulative effects on beaver mortality 
risk are of low magnitude for the Application Case. The potential cumulative residual effects of the Project 
and other existing activities in the RSA are predicted to be not significant. 

Summary 
Since effects on beaver habitat, movement and health and mortality is expected to be of low magnitude 
and not significant, beaver abundance at the regional scale is unlikely to be affected by the Project in 
combination with existing developments and activities. 
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2.6.3.2 Black Bear 

Change in Habitat Availability and Effectiveness 
Bears are relatively resilient to anthropogenic disturbance, and typically adapt to disturbed habitats. 
Features such as roadways, pipelines, seismic lines, transmission lines, trails, well pads, and other 
clearings, may provide navigation routes and suitable foraging areas for bears (Maxie 2009, Mosnier et 
al. 2008, Latham et al. 2011). Edible vegetation such as grasses, dandelions and vetchling are typically 
common on these features and may provide an important food source, especially during spring when food 
is limited (Maxie 2009, Mosnier et al. 2008). Disturbed areas with partial regeneration may also have 
abundant supplies of berry producing plants, providing late-season foraging opportunities.  

Some anthropogenic disturbances may improve foraging opportunities and ease travel for black bears. 
However, these disturbed areas may result in a greater number of human-bear conflicts and may 
indirectly result in greater bear mortality risk and potentially predation on other wildlife species. Studies of 
bear use relative to linear features, in particular roads, have shown inconsistent results. Bears in some 
areas appear to preferentially select low-use linear features such as tertiary roads, particularly during 
spring (Latham et al. 2011, Mosnier et al. 2008, Maxie 2009), or exhibit no negative effects associated 
with roads or trails during any season (Maxie 2009). However, negative association with roads has been 
observed in other studies (e.g., Gaines et al. 2005), which may be the result of increased hunting 
pressure, traffic collisions and other human conflicts that tend to be associated with roadways (Maxie 
2009). Although bears are known to make use of areas adjacent to active anthropogenic developments, 
such use is likely to increase conflict with humans or increase hunting pressure and, therefore, increase 
mortality risk (addressed in following subsection). Habitat suitability for bears is negatively affected by 
timber harvesting practices such as large clearcuts that fragments habitat, and intense scarification, 
which can severely reduce important forage species that naturally occur in early successional areas 
(Wiacek et al. 2002).  

Response of black bears to road construction, clearing and well site drilling was studied near Cold Lake, 
Alberta in 1976-1977 (Tietje and Ruff 1983). Reported noise levels ranged from 69 dB to 80 dB. Results 
of the study showed the numbers, distribution and behaviour of bears in the study site were not affected 
substantially by the development. The results of the Tietje and Ruff study document black bear resilience 
to sensory disturbance associated with in-situ developments, indicating habitat effectiveness was not 
reduced in proximity to the development. Reduced effectiveness of habitat near the Project Area resulting 
from sensory disturbance is not expected to have a measurable effect on black bear habitat use, although 
exposure to human activity has potential to habituate bears to human activity and increase mortality risk 
(assessed below). 

A relatively large proportion (66%) of the LSA is comprised of moderate and high suitability habitat for 
black bear at Baseline Case. The Project Area will affect approximately 628 ha of moderate and high 
suitability black bear habitat, resulting in a reduction of 17% from Baseline to Application Case in the LSA 
(Figure 2.6-3) and a reduction of 1% in the RSA (Figure 2.6-4 and Table 2.6-4). This change is well below 
the 30% habitat change threshold adopted for black bear and, therefore, of low magnitude. Change in 
black bear habitat availability and effectiveness resulting from the Project in combination with existing 
disturbances is long-term in duration, but reversible with reclamation. Therefore, cumulative effects on 
black bear habitat availability and effectiveness are expected to be not significant for the Application Case 
(Section 2.6.3.11). 

TABLE 2.6-4 
 

CHANGE IN BLACK BEAR HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 340 1,238 898 264 4,660 5,576 916 20 
Low 1,555 1,286 -269 -17 68,818 68,566 -252 <-1 
Moderate 2,083 1,719 -364 -18 41,657 41,351 -306 -1 
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TABLE 2.6-4  Cont'd 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
High 1,553 1,289 -264 -17 30,198 29,839 -359 -1 
Total Moderate and 
High Habitat 3636 3008 -628 -17 71,855 71,191 664 -1 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Black bears in boreal forests have evolved to cope with natural fragmentation associated large fire 
events, after which riparian areas likely become important for bear movement (Collister et al. 2003). 
Proximity to cover habitat is likely to affect black bear movement through open areas, since bears have 
been shown to reduce use of open habitats further than 180 m to 200 m from cover (McCollum 1973, 
cited in Collister et al. 2003). Collister et al. (2003) suggest that the high degree of edge associated with 
clearcut logging provides immediate juxtaposition of food and cover, which is ideal habitat for black bears. 
Clearings associated with the Project Area will create openings in forested habitat that are relatively small 
compared to cutblocks or large fire events, and unlikely to be avoided by bears due to proximity of cover. 

Dunne and Quinn (2009) studied large mammal movement across pipeline corridors in an in-situ 
development near Peace River, Alberta. Their results indicate that while carnivores prefer to cross under 
low above-ground pipelines (average carnivore crossing occurred at a pipeline clearance of 115 cm, with 
a range of 53-56 cm), all approaches to crossing structures by bears and other carnivores were 
successful. Clevenger and Waltho (2005) found that black bears used overpass structures to cross the 
Trans Canada Highway, and preferred constricted structures that were long, low, narrow and had low 
openness ratios. The same study also found that black bears appear to prefer to use underpasses, 
presumably due to their affinity for cover when entering inhospitable environments such as the highway 
corridor. Existing roads and multi-use corridors created by the Project are likely to create filters to black 
bear movement. However, given that bears are documented to use crossing structures and cross under 
low above-ground pipelines, the magnitude of effects on black bear movement are of low magnitude and 
not significant with application of mitigation measures to install crossing structures, elevate segments of 
above-ground pipelines, and maintain low traffic speeds. 

Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect black bear health as a result of 
contaminated soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, 
which will include prevention, containment and clean-up measures, is expected to alleviate any potential 
effects on black bear health and mortality risk associated with exposure to contaminants resulting from a 
spill or chemical release. Therefore, effects on black bear health and mortality risk associated with 
contaminant exposure are expected to be negligible. 

The Project has potential to increase mortality risk for black bears directly by vehicle collisions, and 
indirectly by increased hunting or trapping pressure caused by improved human access, or by attraction 
of bears to facilities resulting in removal of habituated bears. These effects may interact with existing 
causes of black bear mortality in the RSA, including existing access roads, oil and gas facilities, and 
hunting and trapping activities.  

Linear features have been found to contribute to black bear mortality both directly (i.e., road kill) and 
indirectly (i.e., legal and illegal hunting). Mortality risk for black bears associated with Project traffic will be 
reduced by posting low speed limits on Project access roads, as well as on the main access road to the 
Project. In addition, BlackPearl’s environmental education program for all site personnel and contractors 
will include expectations that speed limits be adhered to, and for all drivers to be aware and yield to 
wildlife crossing access roads. 
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The density of open roads (i.e., primary and secondary roads) in the LSA will increase by 0.9 km/km² to 
1.0 km/km² during the Operation phase at Application Case (Table 2.6-5). There is no measurable 
change in the open road density of 0.1 km/km² at the regional scale (Table 2.6-5). The cumulative open 
road density at the regional scale for the Application Case is well below the open road density threshold 
of 1.2km/km² by which the magnitude of black bear mortality risk is assessed. Black bear hunting and 
trapping mortality is managed by ASRD through the setting of quotas. BlackPearl will monitor public 
access on the multi-use corridors created by the Project, and Project access will be designated ‘dead-
end’ routes to discourage public use. Employees and contractors will be prohibited from carrying firearms 
on the Project site, and from hunting in proximity to the Project Area while working on site or staying in 
camp. New access associated with multi-use corridors will be decommissioned and reclaimed in phases 
as the Project progresses. 

The potential for human-bear conflict increases when industrial activities result in more people working 
and living in bear habitat. Black bears are attracted to odours from food, garbage and cooking areas 
associated with industrial facilities, in particular camps and landfills. When bears become habituated to 
human activity and food sources, they may become aggressive and threaten life and property, 
necessitating removal and relocation or destruction. BlackPearl will implement the measures outlined in 
the EAP Operating Conditions Bear-Human Conflict Management Plan for Camps (Government of 
Alberta 2011b) and the Alberta BearSmart Program Manual (Government of Alberta 2011c) to prevent 
bear-human conflicts associated with the Project. Other companies currently operating in the RSA are 
expected follow the same regulatory guidelines.  

The cumulative residual effects on black bear mortality in the RSA are long-term in duration and 
continuous. With application of the mitigation, cumulative residual effects of the Project and existing 
activities on black bear mortality in the RSA are expected to be of low magnitude and not significant. 

TABLE 2.6-5 
 

CHANGE IN OPEN ROAD DENSITY FROM BASELINE TO APPLICATION CASE 

 300 m LSA RSA 
Baseline Application Change Baseline Application Change 

Open Road Density (km/km²) 0.1 1.0 0.9 0.1 0.1 <0.1 
 

Summary 
The potential cumulative residual effects on black bear habitat availability and effectiveness, movement, 
and health and mortality risk are predicted to be of low magnitude and not significant. Therefore, 
measurable effects on black bear abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.3 Fisher 

Change in Habitat Availability and Effectiveness 
Fishers have been described as “area sensitive,” meaning the frequency of fisher occurrence increases 
with increased size of late-successional forest stands, and they are less prevalent in forested landscapes 
with high levels of fragmentation (Powell and Zielinski 1994). Non-forested areas, large forest openings, 
open hardwood forests, recent clearcuts, grasslands and areas above the timberline are typically avoided 
or used infrequently (Powell and Zielinski 1994). However, fishers may occasionally use managed forests 
with little overhead cover and recently clearcut areas, particularly in summer when shrubs and saplings 
may provide sufficient cover. These areas are generally avoided in winter when there is little cover and 
higher snow depths (Powell and Zielinski 1994). 

Evidence of reduced fisher habitat effectiveness associated with proximity to disturbance is limited and 
conflicting (Collister et al. 2003). Results of 8 years of monitoring winter wildlife use in an in-situ 
development southeast of Conklin, Alberta suggest that fisher are resilient to linear features and 
associated human use (Devon NEC Corporation [Devon] 2010). Although fisher demonstrated the lowest 
use of linear features compared to other species monitored (i.e., moose, caribou, deer, wolf, coyote, 
fisher and lynx), the density of fisher trails detected during winter monitoring increased by two to three 
times over a 4-year period in an area where linear features increased by about 33% (Devon 2010). 
Kansas and Charlebois (2003, cited in Devon 2010) studied fisher response to in-situ exploration and 
production in the same region and found that the density of fisher trails were substantially higher outside 
of active 3D seismic program locations during clearing than inside the 3D areas. Their study also 
concluded that fishers showed mild avoidance of low use roads, but did not appear to avoid habitats 
within 100 m of high use linear features. 

Existing disturbances in the LSA and RSA affecting fisher habitat availability and effectiveness are 
primarily timber harvest cutblocks, wildfire and oil and gas development. Clearing of the Project Area will 
result in the loss of 339 ha of moderate and high suitability fisher habitat, which is a reduction of 12% in 
the LSA (Figure 2.6-5) and less than 1% in the RSA (Figure 2.6-6 and Table 2.6-6), which is well within 
the 30% threshold of regional habitat change adopted for fisher. Loss of fisher habitat availability is long-
term in duration, but reversible following reclamation of the Project Area and other existing disturbances 
(e.g., revegetation of cutblocks). Effects of the Project in combination with other existing developments on 
fisher habitat availability are of low magnitude and are expected to be not significant (Section 2.6.3.11). 
Since fisher may avoid areas with high levels of activity (e.g., clearing for seismic programs), effects on 
fisher habitat effectiveness are expected to be associated primarily with Project construction and 
exploration/monitoring (e.g., seismic programs) activities. As a result, effects on fisher habitat 
effectiveness are periodic (i.e., occur intermittently and sporadically over the assessment period) and 
short-term in duration. Overall, the effects of the Project and existing developments and activities on 
fisher habitat availability and effectiveness are predicted to be of low magnitude, long-term in duration but 
reversible with habitat reclamation, and not significant (Section 2.6.3.11). 

TABLE 2.6-6 
 

CHANGE IN FISHER HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 1,136 2,009 873 77 5,983 6,896 913 15 
Low 4,438 3,904 -534 -12 50,356 49,836 -520 -1 
Moderate 2,525 2,221 -304 -12 55,325 55,158 -167 <-1 
High 246 211 -35 -14 33,678 33,452 -226 -1 
Total Moderate and 
High Habitat 

2,771 2,432 -339 -12 89,003 88,610 -393 <-1 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
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Change in Movement 
Fishers establish relatively large home ranges. Powell and Zielinski (1994) reported mean annual home 
ranges for male fishers (40 km²) nearly three times the size of that for females (15 km²), although there 
was large variation in the annual home range sizes of individuals (ranging from 19-79 km² for males and 
4-32 km² for females). As a result, the ability to move throughout the landscape is important for fishers.   

Linear corridors may act as barriers or filters to movement of small and medium-bodied mammals (e.g., 
sciurids, mustelids) (Marklevitz 2003). Mammal movement across linear features is affected by various 
factors including vulnerability to predation, home range size (i.e., species with larger home ranges might 
be more likely to cross habitat gaps created by rights-of-way), seasonal behavioural variation (e.g., 
juvenile dispersal or mate searches), resource availability, vegetation structure of the rights-of-way and 
forest edge (e.g., amount of tree or shrub regrowth), and human activity (trapper access, pipeline/facility 
monitoring or vegetation control) (Marklevitz 2003). Collister et al. (2003) reviewed multiple studies on 
fisher habitat preference and dispersal, and concluded that fisher prefer large patches of contiguous 
forest habitat, avoid openings wider than 25 m and occur less frequently in stands less than 100 ha in 
size. Devon (2010) monitored winter wildlife use on their in-situ site southeast of Conklin, Alberta. Over 
8 years of winter tracking studies, they found that fisher routinely cross linear features, but they are the 
least likely of all medium and large-bodied mammals detected in their study area to use linear features for 
travel. 

Given their avoidance of large openings and evidence of movement across narrow disturbances, fisher 
movement and dispersal is likely limited in habitats with large natural or anthropogenic openings such as 
graminoid meadows, burns or cutblocks (Collister et al. 2003). Fisher movements frequently occur along 
forested riparian areas, and forested corridors between riparian areas may provide important linkages for 
fisher dispersal (Powell and Zielinski 1994). In aspen parkland regions of Alberta, a mosaic of forest 
patches connecting suitable habitat patches may be necessary to facilitate dispersal (Badry et al. 1997). 
In northeast Alberta, some fishers use wider sections of the Athabasca River corridor as movement 
corridors, while the narrowest sections are avoided (Westworth 2002). Fisher have been detected 
crossing highway overpass structures (Weir 2003). 

The Project and other existing disturbances in the LSA and RSA are likely to cause filters to fisher 
movement, but not complete barriers. Undisturbed riparian areas may facilitate fisher movement. 
Avoidance of riparian areas was a key consideration for initial siting of the Project Area, and will be 
incorporated in the final Project siting phase. Vegetated overpass structures may facilitate fisher 
movement across multi-use corridors created by the Project, although fisher are expected to move under 
above-ground pipelines relatively easily. Maintaining low traffic speeds should also ease road crossings 
by fisher and other mustelids. Project effects on fisher movement are primarily confined to the 
construction and operation phases while roads are active and above-ground pipelines are in place and, 
therefore, medium-term in duration. However, when Project effects are considered in combination with 
existing developments, the duration of effects is long-term since large openings such as cutblocks are 
expected to limit fisher movement until vegetation has regenerated to a sufficient height and density to 
provide effective cover for fisher. Effects of the Project in combination with other existing developments 
on fisher movement are expected to be low in magnitude and not significant (Section 2.6.3.11). 

Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect fisher health as a result of contaminated 
soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, which will 
include prevention, containment and clean-up measures, is expected to alleviate any potential effects on 
fisher health and mortality risk associated with exposure to contaminants resulting from a spill or chemical 
release. Therefore, effects on fisher health and mortality risk associated with contaminant exposure are 
expected to be negligible. 

The Project has potential to affect fisher mortality risk as a result of vegetation clearing (i.e., felling of 
occupied natal or maternal den trees), increased trapping pressure due to increased access in the LSA, 
and vehicle collisions. These effects will potentially interact with timber harvest operations, other oil and 
gas activities, and trapping in the RSA to affect fisher mortality risk. 
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Fisher parturition occurs in late winter. Natal dens may be occupied between February and May (Weir 
2003, Powell and Zielinski 1994), after which kits are moved to maternal dens for the summer (Weir 
2003). Fishers can be highly sensitive during the denning period, and have been reported to move kits to 
different dens when disturbed (Powell and Zielinski 1994), however, availability of alternate den sites may 
be limiting (Powell et al. 1997). Timber harvest operations in the RSA typically occur during winter and, 
therefore, may affect fisher natal dens. Project clearing is also scheduled for winter. Incremental effects of 
the Project on disturbance of fisher natal dens will be reduced by limiting late winter clearing. 

Trapping has been an important factor influencing fisher populations (Powell and Zielinski 1994, Weir 
2003). Fisher populations in eastern portions of their range have been found to have low to intermediate 
resiliency to trapping pressure, which means they generally have a moderate capability to recover from 
reduced population numbers (Banci and Proulx 1999, cited in Weir 2003). The LSA overlaps two 
Registered Fur Management Areas (RFMAs). ASRD manages furbearer populations by setting quotas for 
RFMAs and restricting the harvest season. The trapping quota for fisher during the 2011/12 winter 
season is set at 10 animals, and the season is restricted to November 1 to January 31 (Government of 
Alberta 2011d). Considering regulatory quotas, that access to Project roads will be designated ‘dead-end’ 
routes, and safety orientation will be required prior to entry to the site, the Project is expected to have a 
negligible effect on increased trapping pressure and resultant fisher mortality risk. Although trapping likely 
has a measurable effect on fisher mortality in the LSA and RSA, effects are well within regulatory 
standards given that fur harvest is managed by ASRD (e.g., quotas) and, therefore, of low magnitude. 

Fisher mortality risk associated with traffic collisions will be reduced by maintaining low speed limits on 
Project access. Overall, potential residual effects of the Project and other existing developments and 
activities on fisher mortality are long-term in duration, reversible once activities cease, and of low 
magnitude. Therefore, potential effects on fisher mortality risk are considered to be not significant 
(Section 2.6.3.11). 

Summary 
The potential residual effects on fisher habitat availability and effectiveness, movement, and health and 
mortality risk are predicted to be of low magnitude and not significant. Therefore, measurable effects on 
fisher abundance in the RSA are not expected to occur as a result of the Project in combination with 
existing activities. 



TWP.76

TWP.77

RGE.17 W4MRGE.18 W4M

8

6

7 8

2

4

1

7

3

9

5

26

15

25

30

20

29

32

27

31

17

10

27 26

28

22

28

35

23

13

11

21

24

29

11

21

23

12

12

20

17

33

34

24

30

13

25

22

15 14

36

14

10

19

18
16

19

18
16

¯
FIGURE 2.6-5

CHANGE IN FISHER HABITAT 

AVAILABILITY FROM BASELINE TO 

APPLICATION CASE IN THE LSA

BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

May 2012

TWP.76

TWP.77

RGE.17 W4MRGE.18 W4M

8

6

7 8

2

4

1

7

3

9

5

26

15

25

30

20

29

32

27

31

17

10

27 26

28

22

28

35

23

13

11

21

24

29

11

21

23

12

12

20

17

33

34

24

30

13

25

22

15 14

36

14

10

19

18
16

19

18
16

SCALE:  1: 60,000

(All Locations Approximate)

0 0.5 1 1.5 2 2.5

km

Although there is no reason to believe that there are any errors 

associated with the data used to generate this product or in the product itself,

users of these data are advised that errors in the data may be present.

UTM Zone 12N

Project Area: Altus Geomatics 2012; 

Hydrography: AltaLIS.Ltd 2011c; 
Roads: IHS Inc. 2011c.

t6
7

9
0

_
W

il
d

li
fe

_
F
ig

u
re

_
2

.6
-5

_
R

E
V

0
5

.m
x
d

Existing Blackrod Road

Watercourse

Atha baca Ri
ver Atha baca Riv

er

Waterbody

Project Area

Habitat Quality:

High

No Data

Low

Moderate

Nil

Wildlife Local Study Area (1000 m)

Baseline Case Application Case



FIGURE 2.6-6
CHANGE IN FISHER HABITAT 

AVAILABILITY FROM BASELINE TO 
APPLICATION CASE IN THE RSA
BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 
COMMERCIAL SAGD PROJECT

May 2012

At
habasca River

McMillan
Lake

Crow
Lake

Agnes
Lake

UV63

Hous e River

Duncan Cree
k

Er
ic 

Cr
eek

Paral lel C

ree
k

Wandering River

Pelica n Riv er

Agnes Creek

SCALE:  1: 250,000
(All Locations Approximate)

0 2.5 5 7.5 10 12.5
km

Although there is no reason to believe that there are any errors 
associated with the data used to generate this product or in the product itself,

users of these data are advised that errors in the data may be present.

t67
90

_W
ild

life
_Fi

gu
re_

2.6
-6_

RE
V0

5.m
xd

TWP.73

TWP.74

TWP.75

TWP.76

TWP.77

TWP.78

TWP.79

RGE.18 W4M RGE.17 W4M RGE.16 W4M

McMillan Lake
TWP.73

TWP.74

TWP.75

TWP.76

TWP.77

TWP.78

TWP.79

RGE.18 W4M RGE.17 W4M RGE.16 W4M

At
habasca River

McMillan
Lake

Crow
Lake

Agnes
Lake

UV63

House River

Duncan Cree
k

Eri
c C

ree
k

Parallel 

Cree
k

Wandering River

Agnes Creek

Application CaseBaseline Case

Existing Blackrod Road

Watercourse

Waterbody

Project Area

Habitat Quality:

High

Wildlife Regional Study Area

RoadUV61

Moderate

Low

Nil

No Data

UTM Zone 12N
Project Area: Altus Geomatics 2012; 

Hydrography: AltaLIS.Ltd 2011c; 
Roads: IHS Inc. 2011c.

¯



BlackPearl Resources Inc.  Wildlife 
Blackrod Commercial SAGD Project  Volume 4 - Section 2.0 

 

 
   

Page 2-57 
 
 

2.6.3.4 Lynx/Snowshoe Hare 

Change in Habitat Availability and Effectiveness 
Lynx can tolerate human disturbance and even continued human presence (Mowat et al. 2000), although 
minimal human disturbance is an important feature for denning females (Koehler and Aubry 1994). Lynx 
appear to tolerate moderate levels of snowmobile traffic in their home ranges (Mowat et al. 2000) and did 
not avoid high quality habitat in an active 3D seismic exploration area in Devon’s in-situ development 
southeast of Conklin, Alberta (Kansas and Charlebois 2003, cited in Devon 2010). Short-term, low 
magnitude effects on lynx habitat use (i.e., habitat effectiveness) are expected during construction of the 
Project. During operation, the Project and other existing activities in the LSA are expected to have 
negligible effects on habitat effectiveness resulting from sensory disturbance or proximity to human 
activity. 

Availability of moderate and high suitability habitat for snowshoe hare and lynx will be reduced by 
approximately 658 ha as a result of the Project, a change of 18% from Baseline conditions in the LSA 
(Figure 2.6-7) and less than 1% in the RSA (Figure 2.6-8 and Table 2.6-7). This is well within the 30% 
threshold of regional habitat change adopted for lynx/snowshoe hare and, therefore, the effect of reduced 
habitat availability for lynx and snowshoe hare is of low magnitude. Habitat loss is long-term in duration, 
but reversible following reclamation. Progressive reclamation of the Project Area will reduce effects of 
habitat loss on lynx and snowshoe hare. Effects on lynx and snowshoe hare habitat availability are 
expected to be not significant (Section 2.6.3.11). 

TABLE 2.6-7 
 

CHANGE IN LYNX/HARE HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Low 812 1,659 847 104 10,026 10,909 883 9 
Low – Moderate 1,080 891 -189 -17 28,546 28,366 -179 -1 
Moderate - High 2,207 1,858 -349 -16 3,539 3,483 -56 -2 
High 1,433 1,124 -309 -22 103,222 102,574 -648 -1 
Total Moderate and 
High Habitat 

3,640 2,982 -658 -18 106,761 106,057 -704 <-1 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Lynx have been documented to use roads, trails and other linear features for travel and hunting (Devon 
2010, Koehler and Brittell 1990). Width (less than 15 m) and availability of cover on either side of roads 
may be important determinants of lynx use (Koehler and Brittell 1990). Lynx appear to readily cross 
highways (Mowat et al. 2000), but large open areas such as recent cutblocks lack sufficient cover and are 
avoided (Collister et al. 2003). Travel corridors with sufficient cover are needed between patches of 
mature forest stands to allow females to move kittens between denning sites toward more abundant prey 
or to avoid disturbances (Koehler and Brittell 1990). Lynx may relocate their kittens from natal dens to as 
many as five maternal dens per year (Olson et al. 2011) and, therefore, travel corridors that provide 
effective cover are considered an essential habitat component. 

As previously discussed, Dunne and Quinn (2009) documented that carnivores, including lynx, 
successfully cross corridors associated with in-situ developments, both under low above-ground pipelines 
and over crossing structures. Measures to facilitate wildlife movement (i.e., elevating segments of above-
ground pipelines, installing crossing structures) will reduce potential effects of the Project on lynx 
movement. The residual effect of the Project in combination with other existing developments and 
activities on lynx movement is reversible following reclamation, of low magnitude and expected to be not 
significant (Section 2.6.3.11). 
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Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect lynx and snowshoe hare health as a result 
of contaminated soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, 
which will include prevention, containment and clean-up measures, is expected to alleviate any potential 
effects on lynx and snowshoe hare health and mortality risk associated with exposure to contaminants 
resulting from a spill or chemical release. Therefore, effects on health and mortality risk associated with 
contaminant exposure are expected to be negligible. 

The lynx denning period extends from late April to late July (Olson et al. 2011). Female lynx may respond 
to anthropogenic disturbance while denning by relocating kittens to a new den, which does not appear to 
greatly affect kitten survival (Oslon et al. 2011). Clearing for the Project is scheduled to occur during 
winter, which avoids the denning period for lynx. Similarly, timber harvest activities in the RSA are 
typically scheduled for winter. BlackPearl employees and contractors will be required to restrict activities 
to the Project Area, which will avoid accidental disturbance of denning lynx in adjacent habitats. The 
potential effects of the Project and existing activities in the RSA are expected to have a negligible effect 
on lynx mortality as a result of disturbance during denning. 

The potential effects of the Project on lynx mortality risk are primarily associated with increased trapping 
pressure due to increased access in the LSA, and vehicle collisions on Project access roads. These 
effects will potentially interact with timber harvest operations, other oil and gas activities and trapping in 
the RSA to affect lynx mortality risk. Given the dramatic cyclic variation in lynx populations in response to 
snowshoe hare abundance, effects of anthropogenic mortality (e.g., fur harvest) on lynx during the cyclic 
low can be severe, and recovery may be prolonged (Mowat et al. 2000). Several factors influence trapper 
effort and success, including socio-economic conditions, season length, quotas, trap type restrictions, fur 
prices, subsidies, mode of transportation (e.g., snowmobiles influence trapper access and coverage), and 
ease of access (e.g., seismic lines) (Mowat et al. 2000). ASRD manages lynx fur harvest in the province 
by setting quotas and restricting harvest seasons. The current quota for lynx in the RSA is 10 per RFMA, 
and the season is restricted to December 1 to February 15 (Government of Alberta 2011d). Considering 
regulatory quotas, that BlackPearl will consult with trappers and other industrial operators (e.g., Millar 
Western) in the LSA to maintain existing access but limit creation of new off-road access, the Project is 
expected to have a negligible effect on increased trapping pressure and resultant lynx mortality risk. 
Although trapping likely has a measurable effect on lynx mortality in the LSA and RSA, effects are well 
within regulatory standards given that fur harvest is managed by ASRD (e.g., quotas) and, therefore, of 
low magnitude. 

The potential for lynx mortalities from vehicular collisions will be reduced by maintaining low speed limits 
on Project access. In addition, BlackPearl’s environmental education program for all site personnel and 
contractors will include expectations that speed limits be adhered to, and for all drivers to be aware and 
yield to wildlife crossing access roads. Overall, the potential residual effects of the Project and other 
existing developments and activities on lynx mortality are long-term in duration, reversible once activities 
cease, and of low magnitude. Therefore, potential effects on lynx mortality risk are considered to be not 
significant (Section 2.6.3.11). 

Summary 
Potential residual effects on lynx and snowshoe hare habitat availability and effectiveness, movement, 
and health and mortality risk are predicted to be of low magnitude and not significant. Therefore, 
measurable effects on lynx and hare abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.5 Moose 

Change in Habitat Availability and Effectiveness 
Boreal forests are fire driven ecosystems. The association of moose with early successional stages of 
post-fire habitats in the boreal forest is commonly accepted (Peek 2007). Fires create high quality forage 
sources for moose. Optimal successional stages for moose in burned areas usually occur 10 to 30 years 
following fire (Nietfeld et al. 1985, Peek 2007). A mosaic of early seral (shrubby) habitats (approximately 
40-60% of the landscape) interspersed with deciduous (35-55%) and coniferous forests (5-15%) is 
suggested to provide optimal moose habitat (Peek 2007, Collister et al. 2003). Forest harvest is a 
prominent activity in the RSA. Despite differences in landscape patterns between fire and harvested 
areas (e.g., smaller patch size, younger remnant forest patches, increase edge density in harvested 
areas compared to burns), harvested landscapes can benefit moose in a similar way by opening the 
canopy and increasing forage production (Collister et al. 2003). In the boreal forest, optimal forage 
production for moose first occurs in cutblocks approximately 10 to 15 years following harvest (Collister et 
al. 2003). Based on a review of multiple scientific articles, Collister et al. (2003) suggest that moose are 
capable of changing foraging behaviour and resources, making them resilient to habitat change. Wasser 
et al. (2011) found that moose in northeast Alberta select habitats based on forage availability over 
security. 

Results of habitat modeling for moose suggest that moderate and high suitability moose habitats 
comprise approximately 28% of the LSA and 74% of the RSA at Baseline Conditions. The Project will 
result in loss of approximately 45% of moderate and high suitability habitat for moose in the LSA 
(Figure 2.6-9); however, moderate and high suitability habitat will be reduced by only 2% in the RSA 
(Figure 2.6-10 and Table 2.6-8), which is well within the 30% threshold of habitat change adopted for 
moose. Habitat alteration is continuous over the life of the Project and long-term in duration, but 
reversible following reclamation. 

Sensory disturbance will result from the Project, and may interact with other anthropogenic activities in 
the LSA and RSA to have a cumulative effect on moose habitat effectiveness. Reduced use or avoidance 
by moose of linear features such as roads, trails and seismic lines has been documented (Antoniuk et al. 
2009, Rolley and Keith 1980, Ferguson and Keith 1982, Collister et al. 2003). Levels of human activity 
(e.g., noise, traffic) affect moose response to these types of anthropogenic disturbance (Collister et al. 
2003). Wasser et al. (2011) reported moose avoided linear features with no or unknown levels of human 
use and areas near primary roads. Avoidance effects were not apparent for moose beyond several 
hundred metres of exploration roads (Wasser et al. 2011). Sensory disturbance of moose can result in 
displacement to less suitable habitats. Although sensitive to human disturbance, moose will habituate to 
non-threatening and repetitive activities (Wiacek et al. 2002). The Project is separated from the Key 
Wildlife and Biodiversity Zone associated with the Athabasca River by 1 km. Clearing for the Project 
during late winter will be limited, which will limit potential for sensory disturbance of moose during the 
sensitive late winter period. BlackPearl will prohibit recreational use of ATVs and snowmobiles by 
employees and contractors within the LSA, access to Project roads will be designated ‘dead-end’ routes, 
and safety orientation will be required prior to entry to the site.  

The Project will interact with other existing developments and activities in the LSA and RSA to affect 
moose habitat availability and effectiveness. With application of the proposed mitigation, including 
reclamation of disturbed areas, the residual effects are expected to be of low magnitude and reversible 
following the decommissioning and reclamation phase (Section 2.6.3.11). As a result, effects on moose 
habitat availability and effectiveness are expected to be not significant (Section 2.6.3.11).  

TABLE 2.6-8 
 

CHANGE IN MOOSE HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Low 3,832 5,086 1,254 33 8,855 10,391 1,536 17 
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TABLE 2.6-8  Cont'd 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Low – Moderate 2,201 2,005 -196 -9 27,635 27,930 295 1 
Moderate - High 2,037 1,145 -892 -44 61,744 61,091 -653 -1 
High 341 175 -167 -49 47,108 45,931 -1178 -3 
Total Moderate and 
High Habitat 

2,378 1,320 -1058 -45 108,852 107,021 -1831 -2 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

Change in Movement 
There are few features in the RSA that have low permeability for moose at Baseline conditions (e.g., 
Highway 63, high-use oil and gas facilities). Linear features such as secondary roads and seismic lines 
are not considered an impediment to moose movement (Collister et al. 2003). However, low elevated 
pipelines (e.g., less than 140 cm) and snow berms can create a filter or complete barrier to moose 
movement (Dunne and Quinn 2009, Collister et al. 2003). Dunne and Quinn (2009) conclude that moose 
cross under pipelines elevated above 140 cm (provided snow depths or flooding do not reduce the 
pipeline clearance), but moose prefer to use crossing structures as opposed to crossing under elevated 
pipelines. That study also found that proximity to water and high quality habitat affect moose use of 
crossing structures and elevated pipelines. In addition, alignment of crossing structures relative to roads 
is important (i.e., an animal is less likely to cross a structure that takes it directly onto a road compared to 
a structure perpendicular to a road) (Dunne and Quinn 2009). 

Existing roads and multi-use corridors created by the Project are likely to create filters to moose 
movement. Permeability mapping for the RSA at Application Case indicates that moose movement 
between high suitability habitats along the Athabasca River and east of the Project Area will potentially be 
affected. However, given that moose are documented to use crossing structures and cross under 
pipelines elevated above 140 cm, the magnitude of effects on moose movement resulting from the 
Project are of low magnitude with application of mitigation measures to install crossing structures, elevate 
segments of above-ground pipelines, and manage snow berms to prevent blocking movement. Effects on 
moose movement are expected to be continuous over the operation phase of the Project, medium-term in 
duration, reversible following decommissioning and reclamation, and not significant (Section 2.6.3.11). 

Change in Health and Mortality Risk 
Moose are commonly hunted for subsistence in the RSA and, therefore, effects on moose health as a 
result of consumption of contaminated water or forage is a concern since it could potentially affect human 
health. Emissions from the Project are expected to be too low to affect moose health as a result of 
contaminated soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, 
which will include prevention, containment and clean-up measures, is expected to alleviate any potential 
effects on moose health and mortality risk associated with exposure to contaminants resulting from a spill 
or chemical release. Therefore, effects on moose health and mortality risk associated with contaminant 
exposure are expected to be negligible. 

Moose populations are considered more sensitive to overharvest and other sources of mortality than to 
habitat loss and fragmentation (Antoniuk et al. 2009). The potential effects of the Project and other 
existing activities (e.g., timber harvest, oil and gas development, legal and illegal hunting, traffic) in the 
RSA on moose mortality risk are primarily related to linear corridors. Linear corridors can cause both 
direct (e.g., vehicle collisions) and indirect (e.g., increased hunting pressure and predation) mortality of 
moose. Mortality risk for moose associated with Project traffic will be reduced by maintaining low speed 
limits on Project access roads, as well as on the main access road to the Project. 

Some ungulates such as moose and deer may be attracted to linear features (Environment Canada 
2011a) created by the Project and existing developments as forage availability increases once vegetation 
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communities regenerate to early seral vegetation. Moose have been shown to select habitat based on 
forage over security, often preferring early seral, shrub dominated habitats (Wasser et al. 2011) with lower 
densities of coniferous tree cover (Schwartz and Franzmann 1991, Rempel et al. 1997, Hebblewhite et al. 
2010). Deer are also known to be attracted to recently cleared linear disturbances (Lyons and Jensen 
1980) given the increased production of forage (Wallmo et al. 1972). Deer easily habituate to disturbance 
corridors, especially those with low human activity (Scott-Brown 1984). Wasser et al. (2011) found that 
wolf diet in their study area south of Fort McMurray, Alberta was comprised mainly of deer (65%), with 
lesser amounts of moose (24%) and caribou (11%). Results of that study also found positive selection by 
wolves for linear features and habitat with high suitability for deer. Linear corridors created by the Project 
will potentially result in increased wolf predation on moose, since moose and wolves will both likely be 
attracted to revegetating linear corridors. The potential for increased moose mortality risk will be reduced 
with application of mitigation to control predator sight-lines and mobility on existing linear features in the 
LSA during the construction and operation phase, as well as on the Project multi-use corridors at the 
decommissioning and reclamation phase. These measures will also reduce potential increased mortality 
risk for moose associated with legal and illegal hunting. BlackPearl will prohibit employees and 
contractors from having firearms while working at the site or staying at camp. In addition, access to 
Project roads will be designated ‘dead-end’ routes to discourage use by hunters and poachers, and safety 
orientation will be required prior to entry to the site. The potential for moose mortalities from vehicular 
collisions will be reduced by maintaining low speed limits on Project access, and BlackPearl’s 
environmental education program for all site personnel and contractors will include expectations that 
speed limits be adhered to, and for all drivers to be aware and yield to wildlife crossing access roads. 

The potential residual effects of the Project in combination with existing activities on moose mortality risk 
are continuous and long-term. Effects are reversible once linear features are reclaimed and vegetation 
has regenerated to a point where human and predator access and mobility are no longer facilitated by the 
corridor. With application of the proposed mitigation, effects on moose mortality risk are expected to be of 
low magnitude and not significant (Section 2.6.3.11).  

Summary 
The potential residual effects on moose habitat availability and effectiveness, movement, and health and 
mortality risk are predicted to be of low magnitude and not significant. Therefore, measurable effects on 
moose abundance in the RSA are not expected to occur as a result of the Project in combination with 
existing activities. 
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2.6.3.6 Northern Goshawk 

Change in Habitat Availability and Effectiveness 
The Project is predicted to reduce moderate and high suitability northern goshawk nesting habitat by 28% 
in the LSA (Figure 2.6-11), but only 1% in the RSA (Figure 2.6-12) compared to Baseline Case 
(Table 2.6-9). Regional habitat loss of 1% is well within the 30% threshold of regional habitat change 
adopted for northern goshawk. At Application Case, the largest patch size of moderate to high suitability 
nesting quality for northern goshawk does not change from Baseline Case (i.e., 13.2 ha). The average 
patch size is reduced only slightly (i.e., from 0.9 ha to 0.8 ha) from Baseline to Application Case. 

TABLE 2.6-9 
 

CHANGE IN GOSHAWK HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 7,480 7,617 137 2 41,219 41,844 625 2 
Low 611 506 -104 -17 20,354 20,288 -65 <-1 
Moderate 99 76 -24 -24 12,251 12,209 -41 <-1 
High 19 10 -9 -46 71,519 71,000 -519 -1 
Total Moderate and 
High Habitat 

118 86 -33 -28 83,770 83,209 -560 -1 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability. 
 

Fragmentation is a concern for forest birds. As habitat loss increases, the remaining habitat becomes 
increasingly fragmented or the habitat patches are increasingly isolated, which may compound the effects 
of habitat loss (Swift and Hannon 2010). Cumulative effects risk and the influence of patch size and 
spatial arrangement are highest when total habitat loss measured at the landscape (i.e., regional) scale is 
high (>70%). Cumulative habitat disturbance in the RSA at Application Case is an estimated 15% of the 
available moderate and high suitability goshawk nesting habitat potentially available in pre-disturbance 
conditions. This proportion of habitat disturbance in the RSA is well below the level of regional suitable 
habitat loss (i.e., 70%) at which point habitat arrangement (i.e., fragmentation) effects become 
substantive (see Section 2.4.4.2). This suggests that at Application Case, fragmentation effects are not a 
factor for northern goshawk.  

Compared to Baseline Case, the Project is expected to reduce available moderate and high suitability 
goshawk nesting habitat in the RSA by 1% and have a negligible change on effective nesting habitat 
patch size in the LSA. The cumulative effects of the Project and existing developments in the RSA are not 
expected to result in fragmentation effects on northern goshawk. The cumulative effects of the Project 
and existing developments and activities on northern goshawk nesting habitat are predicted to be low in 
magnitude. Reclamation efforts are expected to restore natural successional trajectories of forest 
vegetation communities in the Project Area, but since goshawk nesting habitat is characterized by mature 
to old forest stands, the effect is long-term in duration and continuous. With time, effects on goshawk 
nesting habitat are reversible. The effects of the Project in combination with other existing activities on 
northern goshawk nesting habitat availability and effectiveness are expected to be not significant 
(Section 2.6.3.11). 

Change in Movement 
Northern goshawk movement is unlikely to be affected by the Project. After reclamation, the openings 
created by the Project Area may be used for hunting by northern goshawk. The potential effects on 
northern goshawk movement resulting from the Project in combination with other activities are expected 
to be negligible and not significant (Section 2.6.3.11). 
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Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect avian health as a result of contaminated 
soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, which will 
include prevention, containment and clean-up measures, is expected to alleviate any potential effects on 
goshawk health and mortality risk associated with exposure to contaminants resulting from a spill or 
chemical release. Therefore, effects on northern goshawk health and mortality risk associated with 
contaminant exposure are expected to be negligible. 

Effects on northern goshawk mortality risk associated with collisions with Project infrastructure are 
considered unlikely. Similarly, artificial lighting associated with Project facilities is unlikely to affect 
northern goshawk foraging behaviour, activity patterns or predation risk. Light pollution from Project 
facilities will be reduced by using direction or shielded lighting, where practical. In addition, the probability 
of avian electrocution resulting from the Project is unlikely, since minimum separation of energized 
components of electrical facilities (e.g., powerline conductors) will meet or exceed Alberta Electric Utilities 
Code. 

The potential effects of the Project on northern goshawk health and mortality risk is primarily associated 
with disturbance of nests, either directly (e.g., vegetation clearing) or indirectly (e.g., disruption of 
breeding behaviour resulting in nest failure or abandonment of the breeding area) (Harrower et al. 2011, 
Cooper and Stevens 2000). Active northern goshawk nests will be identified during final siting of Project 
facilities and appropriate setback distances (e.g., 200 m or 500 m setbacks between March 15 and 
August 31 for low and moderate disturbance types; 500 m year-round setback for high disturbance types) 
will be adhered to in accordance with the EAP Best Management Guidelines (Government of Alberta 
2011a). The potential for goshawk mortality associated with the Project and other existing activities in the 
RSA is primarily associated with construction and timber harvest and, therefore, the associated residual 
effect is of short-term duration and isolated frequency. Given the limited availability of effective northern 
goshawk nesting habitat in the LSA, the Project is considered unlikely to affect northern goshawk 
mortality risk and with application of mitigation the magnitude of effects is expected to be negligible. As a 
result, it is unlikely that incremental contributions of the Project will interact with other existing activities in 
the RSA to cumulatively affect northern goshawk health and mortality risk. The potential residual effects 
on northern goshawk health and mortality risk are, therefore, expected to be not significant 
(Section 2.6.3.11). 

Summary 
The potential residual effects on northern goshawk habitat availability and effectiveness, movement, and 
health and mortality risk are predicted to be of negligible to low magnitude and not significant. Therefore, 
measurable effects on goshawk abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.7 Old-Forest Bird Community 

Change in Habitat Availability and Effectiveness 
Moderate and high suitability habitat for old-forest birds comprises approximately 32% of the LSA and 
65% of the RSA at Baseline Case. The Project will result in a reduction of moderate and high suitability 
old-forest bird habitat availability of 29% in the LSA (Figure 2.6-13) and 2% in the RSA (Figure 2.6-14 and 
Table 2.6-10), which is well below the 30% threshold of regional habitat change adopted for old-forest 
birds. Reclamation efforts are expected to restore natural successional trajectories of forest vegetation 
communities in the Project Area, but since mature to old forest stands are required for this indicator, the 
effect is long-term in duration and continuous. With time, direct effects on old-forest bird habitat 
availability are reversible. 

TABLE 2.6-10 
 

CHANGE IN OLD-FOREST BIRD HABITAT AVAILABILITY FROM BASELINE TO APPLICATION 
CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) Change (ha) % Change 
Baseline 

(ha) 
Application 

(ha) Change (ha) % Change 
Nil 3,573 5,049 1,476 41 33,600 34,585 985 3 
Low 2,109 1,426 -682 -32 16,087 16,556 469 3 
Moderate 976 1,051 75 8 41,183 40,401 -782 -2 
High 1,753 884 -869 -50 54,462 53,790 -672 -1 
Total Moderate and 
High Habitat 

2,730 1,936 -793 -29 95,645 94,191 -1451 -2 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 
Effects on habitat effectiveness for old-forest birds associated with noise can result in reduced pairing 
success, reduced breeding success, altered age structure, decreased bird species richness, diversity and 
density, and decreased ability to defend territories (refer to Section 2.4.4.3). Based on noise modeling for 
the Project (Volume 2, Section 4.0), approximately 85% of the available moderate and high suitability 
habitat for old-forest birds in the LSA at Application Case will be affected by noise levels above 30 dBA. 
This is a conservative estimate since the Project will be constructed and operational in phases, such that 
only a portion of the Project Area is expected to be contributing to noise at any given point during the life 
of the Project. Noise associated with Project facilities is continuous over the operational phase of the 
Project, which is medium-term in duration. 

Fragmentation is a concern for forest birds. As habitat loss increases, the remaining habitat becomes 
increasingly fragmented or the habitat patches are increasingly isolated, which may compound the effects 
of habitat loss (Swift and Hannon 2010). Cumulative effects risk and the influence of patch size and 
spatial arrangement are highest when total habitat loss measured at the landscape (i.e., regional) scale is 
high (>70%). Cumulative habitat disturbance in the RSA at Application Case is an estimated 26% of the 
available moderate and high suitability old-forest bird habitat potentially available in pre-disturbance 
conditions. This proportion of habitat disturbance in the RSA is well below the level of regional suitable 
habitat loss (i.e., 70%) at which point habitat arrangement (i.e., fragmentation) effects become 
substantive (see Section 2.4.4.2). This suggests that at Application Case, fragmentation effects are not a 
factor for old-forest birds.  

Overall, the Project is expected to have a 2% direct reduction in moderate and high suitability old-forest 
bird habitat in the RSA and no change in the probability of fragmentation effects, compared to Baseline 
Case. However, 85% of the available moderate and high suitability habitat for old-forest birds in the LSA 
at Application Case is expected to be affected by noise levels above 30 dBA during Project operation, 
which will reduce habitat effectiveness. Combined effects of the Project and existing activities on old-
forest bird habitat availability and effectiveness is considered to be of medium magnitude and reversible. 
The overall effects of the Project in combination with other existing activities on old-forest bird habitat are 
expected to be not significant (Section 2.6.3.11). 
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Change in Movement 
Forest gaps have been shown to affect movements of forest birds (Bayne et al. 2005, Fleming and 
Schmiegelow 2002, Desrochers and Hannon 1997). Wider corridor widths increase barrier effects on bird 
movements more than narrower corridors (Desrochers and Hannon 1997), and parallel forest openings 
can cause a cumulative barrier effect at the landscape scale for some species (Belisle and St. Clair 
2001). Desrochers and Hannon (1997) found that gaps less than 30 m in width had little effect on bird 
movements, though wider gaps constrained movement for specific species. Residual forest patches, or 
detours, may facilitate bird movements across gaps (Desrochers and Hannon 1997, St. Clair et al. 1998). 

Forest openings resulting from the Project and other existing disturbances are expected to result in filters, 
but not complete barriers to forest bird movement. The effects on bird movement are continuous, and 
long-term in duration since regeneration of forest vegetation on disturbed areas (i.e., after the 
decommissioning and reclamation phase) is needed to alleviate effects. With reclamation measures, the 
effects are reversible. Cumulative effects of the Project and existing activities on bird movement within the 
RSA are expected to be of low magnitude and not significant (Section 2.6.3.11). 

Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect avian health as a result of contaminated 
soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, which will 
include prevention, containment and clean-up measures, is expected to alleviate any potential effects on 
avian health and mortality risk associated with exposure to contaminants resulting from a spill or chemical 
release. Therefore, effects on avian health and mortality risk associated with contaminant exposure are 
expected to be negligible. 

Clearing, human activity (including traffic and equipment operation) and artificial lighting associated with 
the Project have potential to affect forest bird health and mortality risk. Songbirds that migrate at night are 
attracted to light sources, which can increase mortality risk from collisions, excessive energy expenditure 
and predation (Jones and Francis 2003, Poot et al. 2008). Light pollution from Project facilities will be 
reduced by using directional or shielded lighting, where practical. Most bird species are sensitive to 
human disturbance in proximity to nest sites and often have physiological or behavioural responses 
(Antoniuk and Ainsle 2003) that may result in population effects such as nest desertion, reduced parental 
care of young, decreased feeding efficiency and increased dispersal distances of young (Hill et al. 1997, 
Richardson and Miller 1997, Jalkotzy et al. 1997). ‘Flushing’ is a common short-term response of birds to 
disturbance, where birds temporarily leaving the nest or perch site in response to unfamiliar noises, 
pedestrian approach or traffic (e.g., vehicle, boat, aircraft, ATV) (Antoniuk and Ainsle 2003). Clearing of 
the Project Area will be scheduled to occur outside the migratory bird nesting period (April 1 to August 31 
for clearing more than 50 ha in a year; May 1 to July 31 for clearing less than 50 ha in a year; Gregoire 
pers. comm.) in accordance with the Migratory Birds Convention Act. Pre-clearing nest sweeps will be 
conducted in the event that clearing is required during the nesting period, and appropriate mitigation (e.g., 
avoidance of occupied nests, setbacks, activity restrictions) applied if warranted. Similarly, timber harvest 
activities in the RSA are typically scheduled for winter. BlackPearl employees and contractors will be 
required to restrict activities to the Project Area, which will avoid accidental disturbance of nesting birds in 
adjacent habitats.  

The potential residual effects of the Project on bird mortality risk associated with artificial lighting and 
collisions with infrastructure are continuous over the operation phase of the Project are of medium-term 
duration. The potential effects associated with clearing and human disturbance on avian mortality risk are 
generally confined to construction activities, which are short-term in duration and isolated. Effects on 
avian mortality risk are reversible once activities cease and the Project is decommissioned (i.e., facilities 
and lighting are removed). With application of the proposed mitigation, the potential residual effects of the 
Project in combination with other existing activities in the RSA on forest bird health and mortality risk are 
expected to be of low magnitude and not significant (Section 2.6.3.11). 

Summary 
The potential residual effects on old-forest bird habitat availability and effectiveness, movement, and 
health and mortality risk are predicted to be of low to medium magnitude and not significant. Therefore, 
measurable effects on old-forest bird abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.8 Sandhill Crane 

Change in Habitat Availability and Effectiveness 
Sandhill cranes are sensitive to water depths at nesting sites, and therefore, changes in water depths 
resulting from development can affect habitat effectiveness for sandhill cranes. Cranes may be flexible 
regarding the vegetation type surrounding nests; water depth is a more important factor for nest habitat 
suitability (Armbruster 1987). Depth of water was positively correlated with nesting success for cranes 
nesting in Idaho (Austin et al. 2007) and for cranes in Oregon (Ivey and Dugger 2008), presumably since 
it provided protection from mammalian predators. Optimal nesting habitat likely occurs in areas with 
sufficient vegetation to provide concealment and nesting structures, and standing water sufficiently deep 
to limit access by mammalian predators. The effects of the Project on water levels and surface areas 
were found to be small or imperceptible compared to natural variability (Volume 3, Section 2.0) and, 
therefore, no effects on sandhill crane nesting habitat are expected from changes in water levels. 

Habitat effectiveness for sandhill cranes is also affected by anthropogenic disturbance. Human 
disturbance has frequently been reported to be an important factor influencing sandhill crane habitat 
selection and nesting success (Armbruster 1987, Cooper 1996, Ivy and Dugger 2008). Cranes are known 
to abandon nests where human disturbance occurs and generally select nest sites away from areas with 
high human activity. Roosting and foraging sites are similarly located away from human disturbance, but 
may occupy inactive sites previously cleared for industrial development (Cooper 1996). The extent to 
which cranes are tolerant of human activity depends on the degree of habituation and concealment 
provided by vegetation (Cooper 1996). However, cranes are assumed to avoid active roads and industrial 
areas (Armbruster 1987). A disturbance coefficient was applied to the HSI model for sandhill crane to 
account for this sensitivity to human disturbance. Clearing of the Project Area is scheduled to occur 
outside the migratory bird nesting period. Pre-clearing nest sweeps will be conducted in the event that 
clearing is required during the nesting period, and appropriate mitigation (e.g., avoidance of occupied 
nests, setbacks, activity restrictions) will be applied if warranted. Similarly, timber harvest activities in the 
RSA are typically scheduled for winter. These measures, in addition to restricting BlackPearl 
employee/contractor activities to the Project Area, will reduce potential for disturbance of nesting birds in 
habitats near the Project Area. 

Moderate and high suitability nesting habitat for sandhill cranes is limited at Baseline Case, comprising 
approximately 5% of the LSA and 9% of the RSA. Compared to Baseline Case, the Project will result in a 
reduction sandhill crane nesting (i.e., moderate and high suitability) habitat of 75% in the LSA 
(Figure 2.6-15 and Table 2.6-11). The Project Area is expected to directly disturb less than 1 ha of 
marshes and graminoid fens, and less than 7 ha of shrubby bogs and fens (i2, j2, k2). Approximately 
36 ha of shrubby wetlands will be directly disturbed. The 319 ha reduction in moderate and high suitability 
sandhill crane nesting habitat from Baseline to Application case in the LSA can be attributed primarily to 
the proximity of habitat to the Project Area (i.e., reduced habitat effectiveness) rather than direct habitat 
disturbance. The Project will result in a 4% reduction from Baseline conditions of moderate and high 
suitability sandhill crane nesting habitat in the RSA (Figure 2.6-16 and Table 2.6-11), which is well below 
the 30% threshold for regional habitat change adopted for sandhill crane and, therefore, of low 
magnitude. 

Some of the moderate and high suitability sandhill crane nesting habitat directly affected by the Project 
will be reclaimed to vegetation communities similar to Baseline conditions (i.e., shrubby wetlands). 
However, portions of the Project Area within i2, j2, k2 and k3 ELCs will be reclaimed to upland (e.g., g1) 
and transitional (e.g., g1, STNN) vegetation communities. This will result in a permanent loss of some 
sandhill crane nesting habitat. However, since most of the effects of the Project on sandhill crane nesting 
habitat availability are attributed to indirect habitat loss (i.e., reduced habitat effectiveness), most of the 
Project’s incremental impact on crane nesting habitat will be alleviated upon decommissioning and 
reclamation of the Project Area. Effects on sandhill crane nesting habitat availability and effectiveness are 
considered reversible with application of mitigation (i.e., reclamation). The cumulative effects of the 
Project and existing developments and activities on sandhill crane habitat availability and effectiveness 
are expected to be not significant (Section 2.6.3.11). 
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TABLE 2.6-11 
 

CHANGE IN SANDHILL CRANE HABITAT AVAILABILITY FROM BASELINE TO APPLICATION 
CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 

Baseline (ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 6,732 7,554 822 12 114,593 115,297 704 1 
Low 1,255 752 -503 -40 17,373 17,246 -127 -1 
Moderate 365 94 -271 -74 12,176 11,660 -517 -4 
High 59 11 -48 -81 1,190 1,129 -60 -5 
Total Moderate and 
High Habitat 

424 105 -319 -75 13,366 12,789 -577 -4 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Sandhill crane movement is unlikely to be affected by the Project. After reclamation, the openings created 
by the Project Area may be used for foraging by sandhill cranes. The potential effects on sandhill crane 
movement resulting from the Project in combination with other activities are expected to be negligible and 
not significant (Section 2.6.3.11). 

Change in Health and Mortality Risk 
Emissions from the Project are expected to be too low to affect sandhill crane health as a result of 
contaminated soil, water or air (Volume 5, Appendix 4F). Implementing the Emergency Response Plan, 
which will include prevention, containment and clean-up measures, is expected to alleviate any potential 
effects on avian health and mortality risk associated with exposure to contaminants resulting from a spill 
or chemical release. Therefore, effects on sandhill crane health and mortality risk associated with 
contaminant exposure are expected to be negligible. 

Effects on sandhill crane mortality risk associated with collisions with Project infrastructure are considered 
unlikely. Similarly, artificial lighting associated with Project facilities is unlikely to affect sandhill crane 
foraging behaviour, activity patterns or predation risk. Light pollution from Project facilities will be reduced 
by using directional or shielded lighting, where practical. 

The potential effects of the Project on sandhill crane health and mortality risk is primarily associated with 
disturbance of nests, either directly (e.g., vegetation clearing) or indirectly (e.g., disruption of breeding 
behaviour resulting in nest failure or abandonment of the breeding area). Human disturbance has 
frequently been reported to be a major factor influencing sandhill crane habitat selection and nesting 
success (Armbruster 1987, Cooper 1996, Ivy and Dugger 2008). Cranes are known to abandon nests 
where human disturbance occurs and generally select nest sites away from areas with high human 
activity. Clearing of the Project Area is scheduled to occur outside the migratory bird nesting period. Pre-
clearing nest sweeps will be conducted in the event that clearing is required during the nesting period, 
and appropriate mitigation (e.g., avoidance of occupied nests, setbacks, activity restrictions) will be 
applied if warranted. Similarly, timber harvest activities in the RSA are typically scheduled for winter. 
BlackPearl employees and contractors will be required to restrict activities to the Project Area, which will 
avoid accidental disturbance of nesting birds in adjacent habitats. As a result, the probability of the 
Project interacting with existing developments and activities to affect sandhill crane health and mortality 
risk is expected to be low. 

The potential effects associated with clearing and human disturbance are generally confined to 
construction activities, which are of short-term duration and isolated frequency. Incremental effects of the 
Project on sandhill crane mortality risk are reversible once the Project is decommissioned and activities 
cease. With application of the proposed mitigation, the potential residual effects of the Project in 
combination with other existing activities in the RSA on sandhill crane health and mortality risk are 
expected to be of negligible magnitude and not significant (Section 2.6.3.11). 



BlackPearl Resources Inc.  Wildlife 
Blackrod Commercial SAGD Project  Volume 4 - Section 2.0 

 

 
   

Page 2-76 
 
 

Summary 
The potential residual effects on sandhill crane habitat availability and effectiveness, movement, and 
health and mortality risk are predicted to be of negligible to low magnitude and not significant. Therefore, 
measurable effects on sandhill crane abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.9 Western Toad 

Change in Habitat Availability and Effectiveness 
Western toads require wetland and upland habitats, and movement corridors between these areas (Wind 
and Dupuis 2002). Even if breeding habitat remains intact, loss or degradation of key terrestrial habitat 
can potentially result in large negative impacts to western toad populations (Browne and Paszkowski 
2010). Disturbed habitats are potentially population sinks for breeding (Gyug 1999, Stevens et al. 2006), 
and research has found western toads do not use anthropogenic disturbance for hibernating (Browne and 
Paszkowski 2010). The Best Management Guidelines for the Enhanced Approval Process recommend a 
100 m setback distance around breeding ponds to reduce impacts to western toads (Government of 
Alberta 2011a). 

The Project will potentially interact with other existing activities (e.g., timber harvest, oil and gas 
exploration, roads) to cumulatively affect western toad habitat. Borrow pits created by the Project have 
the potential to negatively affect western toads. Stevens et al. (2006) found that borrow pits create 
attractive breeding sites for adult toads, but unfavourable environments for developing embryos and 
larvae. The main issues with borrow pits for western toads documented in that study included oligotrophic 
conditions (i.e., nutrients such as nitrogen and phosphorous are limited) that may limit primary production 
and available algal food resources for developing larvae, and drying of borrow pits earlier in the season 
than natural toad breeding wetlands (e.g., beaver ponds), which reduces juvenile recruitment. Similar 
issues are created by other activities where small ponds or puddles are created in ditches along roads, 
ruts in winter roads, cutblocks and landing sites, and excavator mounds at seedling planting sites (Gyug 
1999). Under coniferous tree cover, small pools of this size would be too cold for amphibian breeding in 
spring, but in open conditions (e.g., cutblocks) they are sufficiently warm to attract breeding amphibians 
(Gyug 1999). As with borrow pits, however, these small pools have poor larval survival since they dry out 
too quickly (Gyug 1999). 

Moderate and high suitability habitat for western toad comprises approximately 54% of the LSA and 78% 
of the RSA at Baseline Case. The Project is predicted to result in a reduction of moderate and high 
suitability for western toad of 14% in the LSA (Figure 2.6-17) and less than 1% in the RSA (Figure 2.6-18 
and Table 2.6-12), which is well below the 20% threshold for regional habitat change adopted for western 
toad. Setback distances for western toad breeding ponds will be incorporated in the final siting of the 
Project Area, which will reduce potential effects on western toad breeding habitat. Wherever feasible, 
surface contours will be restored to as near natural conditions as practical during reclamation. Creation of 
small pools from ditches, wheel ruts and shallow depressions in the reclaimed Project Area will be 
avoided. BlackPearl will re-use borrow materials to reduce the size and number of borrow pits needed. 
Borrow pits will be reclaimed according to regulatory specifications. It is expected that a portion of the 
reclaimed borrow pits will be reclaimed to wetlands. The best available methods at the time of reclamation 
will be employed to facilitate establishment of natural wetland vegetation community composition and 
water quality characteristics, such that the artificial borrow pit wetlands achieve a successional trajectory 
to a natural wetland community. 

TABLE 2.6-12 
 

CHANGE IN WESTERN TOAD HABITAT AVAILABILITY FROM BASELINE TO APPLICATION CASE 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Baseline 

(ha) 
Application 

(ha) 
Change 

(ha) % Change 
Nil 2,834 3,599 765 27 22,386 23,073 687 3 
Low 1,010 878 -132 -13 8,267 8,170 -97 -1 
Moderate 2,250 1,937 -314 -14 71,485 71,175 -309 <-1 
High 2,318 1,998 -319 -14 43,195 42,914 -280 -1 
Total Moderate and 
High Habitat 

4,568 3,935 -633 -14 114,679 114,089 -590 <-1 

Note:  Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
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The current literature does not identify a zone of influence or area of avoidance for western toads 
associated with anthropogenic disturbance. Artificial lighting has been shown to alter breeding behaviour 
in frogs by inhibiting mating calls (Chepesiuk 2009) and reducing mate selectivity by females (Longcore 
and Rich 2004). Artificial lighting from the Project and existing facilities in the RSA have potential to affect 
habitat effectiveness of nearby western toad breeding sites. Light pollution from Project facilities will be 
reduced by using directional or shielded lighting, where practical. Setback distances of 100 m between 
the Project Area and western toad breeding ponds will limit effects of artificial lighting to negligible levels. 

Decommissioning of facilities and reclamation of disturbed areas is expected to reverse effects of the 
Project and other existing disturbances on western toad habitat availability and effectiveness. Effects of 
the Project in combination with other existing activities on western toad habitat availability and 
effectiveness are expected to extend into the closure phase of the Project and, therefore, are long-term in 
duration. Since less than 1% regional habitat change is expected at Application Case, the magnitude of 
effects on western toad habitat availability and effectiveness is considered low, and the effects of the 
Project in combination with other existing activities are expected to be not significant. 

Change in Movement 
Browne and Paszkowski (2010) found that radio tracked western toads in boreal forests of north-central 
Alberta traveled a distance, on average, of about 1086 m between breeding and hibernation sites 
(range = 146 – 1936 m). Western toads have been found to occasionally move several kilometres in a 
directional manner (Davis 2000). Since western toads move overland by climbing and crawling (Wind and 
Dupuis 2002), their movements are potentially affected by anthropogenic disturbances such as facilities, 
fences (including silt or snow fences), soil berms, ditches or deep ruts. Existing activities that may 
contribute to effects on western toad movement in the RSA include other oil and gas facilities and access 
roads. Timber harvesting (i.e., cutblocks) and utility corridors (e.g., pipeline or transmission line rights-of-
way) are unlikely to affect toad movement. Effects of the Project in combination with other existing 
activities on western toad movement are expected to be continuous and medium-term in duration, but of 
low magnitude, reversible following decommissioning and reclamation of disturbed sites, and not 
significant. 

Change in Health and Mortality Risk 
Western toad response to habitat alteration appears to be expressed as increased mortality risk 
associated with predation (e.g., cleared areas may support higher populations of predators), low juvenile 
recruitment in artificial breeding ponds that dry before metamorphosis, and desiccation (small 
metamorphs are particularly vulnerable to desiccation when trapped in road ruts or where riparian 
vegetation is disturbed) (Wind and Dupuis 2002). During Baseline field surveys for the Project, western 
toads were detected at 122 locations throughout the LSA (158 locations within the RSA) (Appendix 2B). 
Western toads were most commonly observed in disturbed graminoid habitat along existing rights-of-way 
as well as within recent (≤10 years) and regenerating (11-30 years) cutblocks. Evidence of reproductive 
effort (i.e., egg strings and tadpoles) was most commonly observed in disturbed graminoid habitat along 
existing rights-of-way and within marsh (l1) wetland habitat. Although field survey results suggest western 
toads in the LSA and surrounding areas extensively use disturbed areas during the breeding season, the 
surveys were not designed to confirm reproductive success and, therefore, the value of these areas to 
toads cannot be determined. An estimated 1,000 western toad young-of-year, which were nearly 
completed metamorphosis, were observed at a pond in a ditch in the LSA. This may suggest that in some 
cases these artificial ponds are not entirely unsuitable for western toad breeding. However, spring season 
in 2011 was particularly wet, and this ponded ditch may not provide consistently suitable toad breeding 
conditions in dryer years. 

The Project and other existing activities in the RSA have potential to affect western toad mortality 
associated with artificial breeding ponds that dry too early in the summer and vehicle/equipment ruts that 
trap toads. BlackPearl will maintain Project road, utility corridor and well pad surfaces to remove 
vehicle/equipment ruts and thereby avoid creating traps where toads potentially desiccate. During the 
decommissioning and reclamation phase, the Project Area surfaces will be recontoured and reclaimed to 
avoid creation of artificial breeding ponds that result in low juvenile recruitment (refer to Habitat 
Availability and Effectiveness section above). Implementation of the Waste Management Program will 
reduce potential for attracting species that may depredate toads (e.g., ravens). 
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Western toads, like other anurans, are also sensitive to water contamination, pathogens, diseases and 
traffic mortality. Anurans in general are typically affected by conductivity of water in breeding ponds, 
which is often related to total dissolved solids, dissolved organic particles, mineral particles, 
eutrophication, soil qualities (e.g., alkaline soils), disturbance, runoff, or increasing concentrations of 
solutes as water seasonally evaporates (Browne et al. 2009). Browne et al. (2009) found that western 
toads did not show the same negative response to conductivity, aquatic plant density and total dissolved 
solids as did boreal chorus frogs and wood frogs, suggesting they are more tolerant of water with high 
conductivity. Emissions from the Project are expected to be too low to affect wildlife health as a result of 
contaminated soil, water or air (Volume 5, Appendix 4F). Therefore, effects on western toad health from 
acute or chronic exposure to contaminants are not expected at Application Case. Implementing the 
Emergency Response Plan, which will include prevention, containment and clean-up measures, is 
expected to alleviate any potential effects on western toad health and mortality risk associated with 
exposure to contaminants resulting from a spill or chemical release. Project multi-use corridor stream 
crossings will be designed to limit disturbance to stream channels and prevent erosion and 
sedimentation. As a result, the Project will not have adverse effects on stream channel morphology and 
sediment concentrations (Volume 3, Section 2.0). Setbacks of 100 m from the Project Area to western 
toad breeding ponds will be incorporated in the final siting of the Project Area, which will further reduce 
potential for sedimentation to affect water quality of toad breeding ponds. With application of the 
proposed mitigation, effects on western toad health and mortality risk associated with contaminant 
exposure or changes in water quality are expected to be negligible. 

Road mortality may contribute substantially to western toad mortality in some locations (Davis 2000, Wind 
and Dupuis 2002). Western toads are not consistently diurnal or nocturnal; rather activity patterns appear 
to fluctuate with elevation, temperature, season and activity of principal prey species (Wind and Dupuis 
2002). In Alberta, western toads may be more active during the day at higher elevations or in cool 
weather, but they are usually more active at night (ACA and ASRD 2006). Traffic levels on Project roads 
and other existing roads in the RSA are expected to be minimal at night. Therefore, the risk of western 
toad mortality on roads in the RSA is predicted to be low. 

The effects of the Project and other existing activities on western toad health and mortality risk are 
expected to be long-term, but with application of appropriate mitigation, reversible. The high frequency of 
toad detections in disturbed areas, the presence of many nearly metamorphosed young at an artificial 
breeding pond in the LSA, and uncertainty associated with the value of the disturbed habitat (i.e., 
potential for creating population sinks) in the LSA and RSA was considered in the evaluation of 
magnitude of effects on western toad health and mortality risk. In addition, the sensitivity of the species, 
the various potential effect mechanisms of the Project and other existing activities on toad health and 
mortality risk, and the expectation that reclamation will effectively alleviate effects on western toad 
mortality were also considered. The magnitude of potential effects on western toad health and mortality 
risk resulting from the Project and other existing activities is conservatively predicted to be medium, and 
effects are expected to be not significant. 

Summary 
The potential residual effects on western toad habitat availability and effectiveness, movement, and 
health and mortality risk are predicted to be low to medium magnitude and not significant. Therefore, 
measurable effects on western toad abundance in the RSA are not expected to occur as a result of the 
Project in combination with existing activities. 
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2.6.3.10 Woodland Caribou 

Change in Habitat Availability and Effectiveness 
The Project Area and 1 km LSA are outside of provincially identified caribou range and, as a result, the 
Project would have no effects on caribou habitat disturbance within the local population range.  

Change in Movement 
The Project Area and 1 km LSA are outside of provincially identified caribou range and, as a result, the 
Project would have no effects on caribou movement within the local population range.  

Change in Health and Mortality Risk 
Project emissions are not predicted to affect air, soil or water quality (Volume 5, Appendix 4F) and, 
therefore, effects on caribou health related to contaminated forage or water are not expected. With 
posting of low traffic speeds, signage and education of construction and operations contractors and 
employees, risk of caribou injury or mortality associated with vehicle collisions is not expected to increase 
measurably as a result of the Project. 

Interaction between the Project and other existing activities that could potentially affect caribou is limited 
to indirect effects on mortality risk related to altered predator-prey dynamics in the region. Some wildlife 
may be attracted to the multi-use corridors created by the Project and an increase in population densities 
of primary prey (e.g., moose, deer) may increase the number of predators (Environment Canada 2011a). 
Habitat alteration associated with linear features may be favorable to some ungulate species as forage 
availability increases once vegetation communities regenerate to early seral vegetation (e.g., grasses, 
shrubs). Moose have been shown to select habitat based on forage over security, often preferring forests 
in early seral stages dominated by shrubs (Wasser et al. 2011) and with lower densities of coniferous tree 
cover (Schwartz and Franzmann 1991, Rempel et al. 1997, Hebblewhite et al. 2010). Deer are also 
known to be attracted to recently cleared linear disturbances (Lyons and Jensen 1980) given the 
increased production of forage (Wallmo et al. 1972). Deer easily habituate to disturbance corridors, 
especially those with low human activity (Scott-Brown 1984). 

Several studies have found that linear corridors are attractive to wolves as easy travel routes (Thurber et 
al. 1994, Stuart-Smith et al. 1997, James 1999) and may affect wolf-prey dynamics (Bergerud et al. 1984, 
Edmonds and Bloomfield 1984, Rohner and Kuzyk 2000). Wolves travel faster along linear disturbances 
(James 1999, McKenzie 2012) and encounter rates between wolves and caribou have been shown to 
increase near linear features (Whittington et al. 2011). Although wolf packs typically exhibit variable and 
generalist foraging (Hebblewhite et al. 2010), some packs concentrate predation efforts on particular 
species (e.g., 65% deer compared to 24% moose and 11% caribou) (Wasser et al. 2011). Wasser et al. 
(2011) found positive selection by wolves for linear features and habitat with high suitability for deer (65% 
deer compared to 24% moose and 11% caribou). A strong negative correlation between deer and caribou 
resource selection may even suggest that wolf preference for deer draws wolves away from prime caribou 
habitat (Wasser et al. 2011). However, alternate prey species such as caribou may be at risk if they fail to 
spatially or temporally separate themselves from primary prey species (Holt and Lawton 1994, Roemer et 
al. 2002). As a result, caribou could be opportunistically preyed upon given an increased chance of 
incidentally encountering predators (Latham et al. 2011). In general, the influence of the density of 
anthropogenic linear features on predation rates may be as important in caribou mortality as the density 
of predators (Whittington et al. 2011). 

The Woodland Caribou Policy for Alberta (Government of Alberta 2011e) identifies recovery strategies 
that include: 

• establishment of range-specific habitat objectives; 

• maintenance and restoration of caribou habitat; 

• management of other wildlife (predators and primary prey) that may affect caribou recovery; 
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• consideration of legislative requirements, First Nations rights, socio-economic impacts, and stake-
holder interests in recovery approaches; 

• the use of adaptive management to review, adjust, and enhance approaches and policies; and 

• increasing awareness of the status and conservation strategies of woodland caribou. 

A key strategy adopted by the Woodland Caribou Policy for Alberta is the development of range-specific 
assessments and objectives, which builds on the work of previous recovery strategies, such as the 
Alberta Woodland Caribou Recovery Plan 2004/05 – 2013/14 (Alberta Woodland Caribou Recovery 
Team, 2005). The Athabasca Landscape Team was established in 2008 and tasked with assessing 
caribou populations and habitat conditions in the Athabasca Landscape, as well as developing the 
Athabasca Caribou Landscape Management Options report. This management options report was 
completed in 2009, and recommends various management options that would maintain or increase 
current caribou population abundance and distribution in each Athabasca Landscape planning area. The 
Wandering and Agnes caribou herds are within the ESAR – West planning area. Management options 
recommended for the ESAR – West planning area include establishment of a “Zone 1 Area” between the 
bitumen fairway and Athabasca River, coordinated reclamation of disturbed habitat, continuing to require 
best practices for ongoing and new developments, as well as predator and primary prey control 
(Athabasca Landscape Team 2009). Zone 1 Areas are proposed conservation areas where a cumulative 
effects management approach would be applied with caribou recovery being the designated and 
enforceable land-use priority (Athabasca Landscape Team 2009). The Draft Lower Athabasca Regional 
Plan (LARP) identifies strategic directions for the region over a 10 year period to provide guidance to 
provincial and local decision-makers regarding land-use management for the region. The Project is not 
located within any proposed Conservation Areas identified in the LARP (Government of Alberta 2011f). 

To manage the major threat of habitat alteration resulting from human or natural processes, the draft 
federal recovery strategy (Environment Canada 2011a) stresses the importance of landscape level 
planning, such as planning development activities at appropriate temporal and spatial scales, 
incorporating caribou habitat requirements into fire management plans, establishing key protected areas, 
and adjusting management activities as appropriate. The Athabasca Caribou Landscape Management 
Options report (Athabasca Landscape Team 2009) and the Woodland Caribou Policy for Alberta 
(Government of Alberta 2011e) are in alignment with the recommendations of the draft federal recovery 
strategy. Although the schedule for planning and implementing actions identified in the provincial caribou 
policy has not yet been released, these actions are expected to address cumulative impacts on caribou in 
the ESAR Caribou Range. 

The potential indirect effects of the Project resulting from altered predator-primary prey populations on 
linear features in the CRSA will be reduced by: 

• implementing progressive reclamation of the Project Area; 

• identifying intersections of linear features (e.g., conventional seismic lines, roads, pipeline rights-of-
way) in the LSA and applying sight-line and access control measures to reduce predator efficiency 
and mobility (e.g., planting seedlings, transplanting saplings/shrubs, earth berms, rollback); 

• monitoring natural regeneration of the minimal disturbance seismic lines that were cut for the 
Blackrod 3D seismic program in 2011, and implementing measures to speed restoration of native 
vegetation, if warranted. 

Near complete recovery of conventional seismic lines cleared by bulldozer may take as long as 112 years 
in the absence of restoration efforts (Lee and Boutin 2006). However, most of the seismic lines in the 
1 km LSA are assumed to have been hand-cut and/or cleared with a mulcher during winter conditions, 
which results in less ground disturbance and increased retention of propagules. As a result, 
encroachment and regeneration of natural vegetation on the seismic lines in the LSA are expected to 
occur more quickly than reported for bulldozed lines. Recent research has shown positive results for 
accelerated restoration of seismic lines and other linear features using techniques such as mounding, 
transplanting native trees from adjacent areas and planting nursery stock seedlings (Caribou Range 
Restoration Project 2007, Oil Sands Leadership Initiative 2011). BlackPearl and the primary timber 
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harvest companies in the RSA (Millar Western and Al-Pac) are developing an ILMP, which will include 
strategies such as cooperative restoration efforts (e.g., reclaiming intersections of existing linear features) 
that are expected to reduce indirect effects of altered predator-prey dynamics in the CRSA. With 
application of efforts to speed restoration of select segments of existing seismic lines, combined with 
natural regeneration of native vegetation, these linear features are expected to achieve natural 
successional trajectories to forested ecosystems within the closure phase. Additional measures to reduce 
sight-lines and limit ease of travel (e.g., earth berms, mounding, transplanting larger trees/shrubs, 
rollback) at Project multi-use corridor intersections with existing disturbances will reduce predator 
efficiency and mobility during the operation phase of the Project, thereby reducing the magnitude of 
indirect effects on caribou mortality. Indirect effects of linear features on predator-prey dynamics and 
caribou mortality risk are long-term in duration, but reversible with implementation of restoration efforts 
(e.g., planting seedlings/transplanted saplings) and natural revegetation. In addition, BlackPearl is 
committed to ongoing consultation with regulators and participation in cooperative initiatives to reduce 
cumulative impacts on wildlife.  

Given that caribou populations in the ESAR caribou range are declining (refer to Section 2.5.4.10 of this 
report), the magnitude of effects on caribou mortality risk are considered high at Baseline Case. However, 
the Project is not expected to have significant incremental effects on caribou mortality risk or abundance. 
Since the incremental effects of the Project on caribou mortality risk are not expected to measurably 
change the overall cumulative effects from Baseline Case to Application Case, the magnitude of change 
in caribou health and mortality risk for the Application Case is low. The effects on caribou mortality risk 
are potentially reversible with measures to reduce caribou mortality (e.g., restoring anthropogenic 
disturbance, managing predators and primary prey). However, there is uncertainty that caribou 
populations will recover to self-sustaining status for a multitude of reasons such as the inherent lag time 
associated with restoration of suitable caribou habitat, limited research verifying the effectiveness of 
access and sight-line control measures, lack of clearly defined regional management actions and 
timelines, and potential effects of unknown factors such as disease or parasites. As a result, the residual 
cumulative effects of the Project and existing development and activities on caribou mortality risk are 
considered to be not significant; however, there is low confidence in the prediction. 

Summary 
The Project Area and LSA are outside of identified caribou ranges. Therefore, no effects on caribou 
habitat availability and effectiveness or movement are expected to result from the Project. Caribou 
populations in the ESAR caribou range are declining (refer to Section 2.5.4.10 of this report). Increasing 
density of human disturbance in caribou range decreases calf recruitment and the likelihood that the 
caribou population will persist (Antoniuk et al. 2007, Environment Canada 2011c, McCarthy et al. 2011). 
The Project will not have a direct effect on habitat within caribou ranges. However, the Project may 
contribute incrementally to indirect effects on caribou mortality risk associated with altered predator-prey 
dynamics in habitats in proximity to the Wandering and Agnes caribou ranges. With the proposed 
mitigation measures, including access and sight-line control both on and off of the Project Area as well as 
BlackPearl’s commitment to participate in cooperative initiatives, the magnitude of change in caribou 
health and mortality risk from Baseline Case to Application Case is low and effects are potentially 
reversible. The Project is not expected to have significant effects on caribou mortality risk or abundance. 

2.6.3.11 Summary of Potential Effects on Wildlife Indicators at Application Case 

The evaluation of significance of potential cumulative effects of the Project and existing activities for each 
wildlife indicator is summarized in Table 2.6-13. All potential residual cumulative effects on wildlife for the 
Application Case are expected to be reversible. There are no potential residual effects on wildlife that are 
predicted to have significant effects. 
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TABLE 2.6-13 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON WILDLIFE AT 
APPLICATION CASE 

Discipline Indicator/Potential Residual 
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1. Beaver 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high high not 

significant 
(b) Change in movement negative LSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
2. Black Bear 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
3. Fisher 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
4. Lynx/Snowshoe Hare 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
5. Moose 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high moderate not 

significant 
6. Northern Goshawk 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible negligible low high not 

significant 
(c) Change in health and/or mortality risk negative LSA short-term isolated reversible negligible low high not 

significant 
7. Old-Forest Bird Community 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible medium high high not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA medium-

term 
continuous reversible low high high not 

significant 
8. Sandhill Crane 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible negligible low high not 

significant 
(c) Change in health and/or mortality risk negative RSA short-term isolated reversible negligible low high not 

significant 
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TABLE 2.6-13  Cont'd 
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9. Western Toad 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible medium high moderate not 

significant 
10. Woodland Caribou 
(a) Change in health and/or mortality risk negative CRSA long-term continuous reversible low high low not 

significant 
 

2.7 Planned Development Case 

2.7.1 Potential Cumulative Effects and Mitigation 

The PDC assessment includes consideration of the all existing developments and activities included in 
the Baseline Case, in addition to the Project and known future developments. Inclusion lists of existing 
and known future developments are provided in the EIA Introduction and Assessment Methodology 
(Volume 2, Appendices 1A and 1B). The known future developments identified within the RSA are limited 
to forestry (i.e., future cutblocks). As previously noted, BlackPearl has initiated development of an ILMP 
with the primary timber harvest company (Millar Western) and FMA holder (Al-Pac) in the RSA. This ILMP 
will form the basis for cooperative restoration efforts and management of direct and indirect cumulative 
effects of habitat loss for wildlife in the LSA and RSA.  

BlackPearl will develop a Wildlife Monitoring Program in collaboration with ASRD, regional working 
groups and stakeholders. Adaptive management will be implemented, if necessary, to mitigate negative 
effects on wildlife. BlackPearl is also committed to participating in regional monitoring initiatives through 
the ABMI and the OSDG, in addition to participation in cooperative initiatives led by the provincial 
government to reduce cumulative impacts on wildlife. These efforts, plus the measures outlined in 
Section 2.6.1 of this report, are expected to effectively monitor and address potential cumulative effects 
on wildlife. No additional mitigative measures were deemed warranted to address cumulative effects. 

2.7.2 Habitat 

Disturbed areas within the LSA at Baseline Case account for 36% of the LSA. The Project Area and 
known future developments (i.e., planned cutblocks) will increase habitat disturbance in the 1 km LSA by 
44% (Table 2.7-1). For the PDC, the total area of disturbance accounts for 52% of the LSA. The largest 
proportional habitat loss will occur in mixedwood and coniferous forests, which are not limited habitat 
types in the LSA. As in the Application Case, the area of meadows affected for the PDC is negligible.  

The closure phase extends 30 years beyond completion of reclamation activities (i.e., 2080), and 
assumes successional trajectories have been established that will return disturbed sites to pre-
disturbance ecosite phases or prescribed reclamation conditions (target end land use). Closure phase 
mapping for the Project predicts changes in ELCs at the local scale for the PDC (Volume 4, Section 1.0). 
Upland mixedwood (d2, f2) and coniferous (d3) forests are predicted to have the highest proportional 
increase at closure phase for the PDC. Moderate increases are predicted in deciduous (f1), mixedwood 
(e2) and coniferous (f3) upland forests, in addition to shrubby bogs (i2) and shrubby poor fens (j2). 
Decreases in proportional area of wetland ELCs (i1, j1, k1, shrubby wetland), as well as disturbed areas 
(cutblock, regenerating cutblock, regenerating burn, other anthropogenic disturbance), are predicted at 
closure phase for the PDC. These changes are, in part, a result of successional progression of existing 
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regenerating disturbances to natural ELCs, which are predominantly located in upland areas. In addition, 
portions of the Project Area in wetlands are expected to be reclaimed to upland ELCs, which also 
accounts for some of the increased proportion of upland forests at the closure phase for the PDC. 

The predicted changes in vegetation communities from Baseline Case to PDC at the closure phase follow 
the same trends as described for the Application Case (Section 2.6.2). At the local scale, upland 
mixedwood (d2, f2) and coniferous (d3) forests are predicted to have the highest proportional increase at 
closure phase for the PDC. Moderate increases are predicted in deciduous (f1), mixedwood (e2) and 
coniferous (f3) upland forests, in addition to shrubby bogs (i2) and shrubby poor fens (j2). Decreases in 
proportional area of wetland ELCs (i1, j1, k1, shrubby wetland), as well as disturbed areas (cutblock, 
regenerating cutblock, regenerating burn, other anthropogenic disturbance), are predicted at closure 
phase for the PDC. Refer to Section 2.6.2 for a brief summary of the reasons for the expected changes at 
closure phase, and the Vegetation Assessment (Volume 4, Section 1.0) for details on changes in 
vegetation communities at the closure phase. 

TABLE 2.7-1 
 

CHANGE IN WILDLIFE HABITAT AVAILABILITY BETWEEN BASELINE AND PDC IN THE 1 KM LSA 

Habitat Type ELC 
Area (ha) 

% Change Baseline PDC Change 
Deciduous Forest d1, e1, f1 960 776 184 -19 
Mixedwood Forest b3, d2, e2, f2 780 486 294 -38 
Coniferous Forest c1, d3, e3, f3, g1, h1 1,771 1,160 611 -34 
Bog i1, i2 501 404 97 -19 
Fen j1, j2, k1, k2 952 840 112 -12 
Open Wetland k3, l1,  

shrubby wetland 390 347 43 -11 

Meadow meadow 2 2 <-1 -11 
Disturbed cutblock, regenerating cutblock, regenerating 

burn, other anthropogenic 3,056 4,397 1,341 44 

TOTAL 8,412 8,412 --- --- 

Note: Areas of cloud/shadow/no data are excluded. 
 

For the PDC, known future development and the Project are anticipated to result in clearing of 
approximately 7,172 ha, which will increase combined anthropogenic disturbance in the RSA to 
28,484 ha (34% increase compared to Baseline Case) (Table 2.7-2). However, the overall proportion of 
anthropogenic disturbance in the RSA for the PDC (20%) changes by only 5% from Baseline Case. The 
largest proportional habitat loss in the RSA for the PDC is predicted in the closed black spruce and closed 
pine LCCs. These LCCs comprise a relatively low proportion of the RSA at Baseline Case (Table 2.5-2), 
which accounts for the proportionately higher level of change at PDC compared to other more prevalent 
LCCs. The largest areas of habitat loss in the RSA for the PDC occur in the closed white spruce and 
mixedwood forest LCCs (Table 2.7-2), where most future cutblocks are planned. 

Changes in LCCs at closure phase are the same as those predicted for the Application Case 
(Section 2.6.2). The area of native LCCs are predicted to increase at closure phase for the PDC 
compared to Baseline Case, and the area of natural and anthropogenic disturbance is predicted to 
decrease compared to Baseline Case. 

TABLE 2.7-2 
 

CHANGE IN WILDLIFE HABITAT AVAILABILITY BETWEEN BASELINE AND PDC IN THE RSA 

LCC1 

Area (ha) 
%Change Baseline PDC Change 

Closed Black Spruce 1,412 1,243 -169 -12 
Closed Pine 568 498 -70 -12 
Closed White Spruce 54,757 50,291 -4,466 -8 
 



BlackPearl Resources Inc.  Wildlife 
Blackrod Commercial SAGD Project  Volume 4 - Section 2.0 

 

 
   

Page 2-90 
 
 

TABLE 2.7-2  Cont'd 

LCC1 

Area (ha) 
%Change Baseline PDC Change 

Closed Black Spruce 1,412 1,243 -169 -12 
Closed Aspen, Balsam Poplar and/or Birch 6,915 6,688 -226 -3 
Closed Coniferous and Deciduous Cover (40-60%) 33,678 31,984 -1,694 -5 
Closed Upland Shrub 3,075 2,972 -103 -3 
Mixed Grassland 1,081 1,047 -34 -3 
Graminoid Wetlands 1,296 1,292 -4 <-1 
Shrubby Wetlands  2,525 2,474 -50 -2 
Black Spruce Bog 1,754 1,726 -28 -2 
Woodland Fen 13,166 12,851 -315 -2 
Lake, pond, river, stream2 3,339 3,327 -12 <-1 
Wildfire 464 464 0 <-1 
Cutblock 9,121 15,701 6,580 72 
Regenerating Cutblock 7,874 7,746 -128 -2 
Other Anthropogenic  4,317 5,037 721 17 
Combined Anthropogenic Disturbance (cutblocks and other) 21,312 28,484 7,172 34 
Proportion of RSA (146,138 ha) 15% 20% 5% --- 

Notes: 1 Areas of cloud/shadow/no data are excluded. 
 2 Reduced area of waterbodies is an artifact of preliminary planning data used for the planned future cutblocks. Some future cutblocks are 

mapped overlapping watercourses. Actual cutblock boundaries will be adjusted at the final planning stages and are expected to adhere to 
appropriate riparian setbacks. 

 

2.7.3 Wildlife Indicators 

As noted in Methods section 2.3.3.3, a PDC assessment is only completed for a potential effect on an 
indicator when the Application Case assessment indicated the Project is likely to have an effect (i.e., 
there is a high probability that the Project will interact with other developments to have a cumulative effect 
on the indicator). The Application Case assessments identified several potential effects that are unlikely 
to occur and, therefore, are not carried forward into the PDC assessment: 

• change in northern goshawk movement; 

• change in northern goshawk health and mortality risk; 

• change in sandhill crane movement; 

• change in sandhill crane health and mortality risk; 

• change in woodland caribou habitat availability and effectiveness; and 

• change in woodland caribou movement. 

2.7.3.1 Beaver 

Change in Habitat Availability and Effectiveness 
Moderate and high suitability beaver habitat is expected to decrease by 6% in the LSA and increase by 
2% in the RSA at PDC compared to Baseline Case (Figures 2.7-1 and 2.7-2, and Table 2.7-3). Beavers 
are more likely to utilize early seral habitats such as shrub dominated clearcuts, as opposed to mature 
conifer stands. Since future timber harvesting targets mature conifer stands that are of lower suitability for 
beaver, the resulting early seral cutblocks may increase beaver habitat suitability marginally at the 
regional scale. Overall, the impact balance at the regional scale for the PDC is considered to be neutral. 
The magnitude of effects of known future developments in combination with the Project and existing 
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developments and activities on beaver habitat availability and effectiveness in the RSA is low, and effects 
are expected to be not significant (Section 2.7.3.11). 

TABLE 2.7-3 
 

CHANGE IN BEAVER HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 4,808 4,874 66 1 109,767 109,141 -626 -1 
Low 284 243 -40 -14 18,860 19,133 274 1 
Moderate 314 295 -19 -6 11,034 11,413 379 3 
High 126 119 -7 -5 5,672 5,645 -27 <-1 
Total Moderate and 
High Habitat 440 414 -26 -6 16,706 17,058 352 2 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Timber harvest operations are expected to follow the standards and guidelines for operating beside 
watercourses, which apply to beaver ponds as well as watercourses, and mandate setback distances 
(ASRD 2008b). Therefore, planned future cutblocks are not expected to have a substantial effect on 
beaver movement in the RSA, and no additional effects on beaver movement are expected at PDC 
compared to Application Case. The evaluation of residual cumulative effects on beaver movement for the 
PDC is the same as for the Application Case (Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). As 
discussed for the Application Case, beaver mortality risk may be affected directly from vehicle collisions 
and removal of problem animals, or indirectly as a result of increased predation or changes in water 
quality. The planned future timber harvest for the PDC is unlikely to cause indirect effects on beaver 
mortality risk associated with predation (no new linear corridors are planned). Traffic associated with the 
future timber harvesting has the potential to affect beaver mortality risk from vehicular collisions. Timber 
harvest operators are expected to follow traffic speed laws. Timber harvest activity in the RSA is primarily 
conducted during winter when beaver activity is minimal. Overall, the incremental effects of known future 
developments on beaver health and mortality are not expected to measurably change the effects 
evaluated for the Application Case. Cumulative effects of known future developments in combination with 
the Project and existing developments and activities are of low magnitude and not significant 
(Section 2.7.3.11). 

Summary 
Since cumulative effects on beaver habitat, movement and health and mortality is expected to be of low 
magnitude and not significant, beaver abundance at the regional scale is unlikely to be affected. 



TWP.76

TWP.77

RGE.17 W4MRGE.18 W4M

8

6
2

4

1

7

3

9

5

26

15

25

30

20

29

32

27

31

17

10

27 26

28

22

28

35

23

13

21

24

29

11

21

23

12

20

17

33

34

24

30

13

25

22

15
14

36

14

19

18
16

19

18
16

¯
FIGURE 2.7-1

CHANGE IN BEAVER HABITAT

AVAILABILITY FROM BASELINE CASE 

TO PDC IN THE LSA

BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

May 2012

TWP.76

TWP.77

RGE.17 W4MRGE.18 W4M

8

6
2

4

1

7

3

9

5

26

15

25

30

20

29

32

27

31

17

10

27 26

28

22

28

35

23

13

21

24

29

11

21

23

12

20

17

33

34

24

30

13

25

22

15
14

36

14

19

18
16

19

18
16

SCALE:  1: 55,000

(All Locations Approximate)

0 0.5 1 1.5 2 2.5

km

Although there is no reason to believe that there are any errors 

associated with the data used to generate this product or in the product itself,

users of these data are advised that errors in the data may be present.

UTM Zone 12N

Project Area: Altus Geomatics 2012; 

Hydrography: AltaLIS.Ltd 2011c; 
Roads: IHS Inc. 2011c.

t6
7

9
0

_
W

il
d

li
fe

_
F
ig

u
re

_
2

.7
-1

_
R

E
V

0
5

.m
x
d

Existing Blackrod Road

Watercourse

Atha baca R i
ver

Atha baca Riv
er

Waterbody

Project Area

Habitat Quality:

High

No Data

Low

Moderate

Nil

Wildlife Local Study Area (300 m)

Baseline Case PDC



FIGURE 2.7-2

CHANGE IN BEAVER HABITAT

AVAILABILITY FROM BASELINE

CASE TO PDC IN THE RSA

BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

May 2012

A
th
ab

as
ca
 R
iver

McMillan
Lake

Crow
Lake

Agnes
Lake

��63

H
ous e River

Du
nca

n C
re
ek

E
ri
c 
C
re

ek

Par
al l
el
 C

re
ek

W
an

dering River

Pel ic
a

n R
iv er

Ag n
es C

re ek

SCALE:  1: 250,000

(All Locations Approximate)

0 2.5 5 7.5 10 12.5

km

Although there is no reason to believe that there are any errors 

associated with the data used to generate this product or in the product itself,

users of these data are advised that errors in the data may be present.

t6
7

9
0

_
W

il
d

li
fe

_
F
ig

u
re

_
2

.7
-2

_
R

E
V

0
5

.m
x
d

TWP.73

TWP.74

TWP.75

TWP.76

TWP.77

TWP.78

TWP.79

RGE.18 W4M RGE.17 W4M RGE.16 W4ML a k e

TWP.73

TWP.74

TWP.75

TWP.76

TWP.77

TWP.78

TWP.79

RGE.18 W4M RGE.17 W4M RGE.16 W4M

A
th

ab
as
ca
 Ri
ver

McMillan
Lake

Crow
Lake

Agnes
Lake

��63

House River

Du
nca
n C

re
ek

E
ri
c 
C
re

ek

Par
a l
le
l C

re
ek

W
an

dering River

Agn
es C

reek

UTM Zone 12N

Project Area: Altus Geomatics 2012; 

Hydrography: AltaLIS.Ltd 2011c; 
Roads: IHS Inc. 2011c.

PDCBaseline Case

Existing Blackrod Road

Watercourse

Waterbody

Project Area

Habitat Quality:

High

Wildlife Regional Study Area

Road��61

Moderate

Low

Nil

No Data

¯



BlackPearl Resources Inc.  Wildlife 
Blackrod Commercial SAGD Project  Volume 4 - Section 2.0 

 

 
   

Page 2-94 
 
 

2.7.3.2 Black Bear 

Change in Habitat Availability and Effectiveness 
Moderate and high suitability black bear habitat is expected to decrease by 16% in the LSA at PDC 
compared to Baseline Case (Figure 2.7-3 and Table 2.7-4). Open habitats with high sun exposure such 
as recent cutblocks provide graminoid and forb vegetation that black bears utilize for spring forage, while 
berries that provide late summer and fall forage are often present in regenerating cutblocks. As a result, 
the increase of timber harvest in the RSA at PDC results in a marginal (5%) increase of moderate and 
high suitability habitat for black bear (Figure 2.7-4 and Table 2.7-4). Overall, the impact balance at the 
regional scale for the PDC is considered to be neutral. The magnitude of effects of known future 
developments in combination with the Project and existing developments and activities on black bear 
habitat availability and effectiveness are negligible at the regional scale and not significant 
(Section 2.7.3.11). 

TABLE 2.7-4 
 

CHANGE IN BLACK BEAR HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 340 1,259 919 270 4,660 5,603 944 20 
Low 1,555 1,221 -334 -21 68,818 64,019 -4,798 -7 
Moderate 2,083 1,662 -422 -20 41,657 39,928 -1,729 -4 
High 1,553 1,390 -163 -11 30,198 35,781 5,583 18 
Total Moderate and 
High Habitat 3,636 3,052 -584 -16 71,855 75,709 3,854 5 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Collister et al. (2003) suggest that the high degree of edge associated with clearcut logging provides 
immediate juxtaposition of food and cover, which is ideal habitat for black bears. However, proximity to 
cover habitat is likely to affect black bear movement through open areas, since bears have been shown to 
reduce use of open habitats further than 180 m to 200 m from cover (McCollum 1973, cited in Collister et 
al. 2003). The planned future cutblocks are likely to limit black bear movement in the medium-term until 
vegetation has regenerated to a density and height that provides sufficient cover for black bears. The 
combined effects of the planned future cutblocks, the Project and existing developments and activities are 
expected to be low in magnitude, reversible once vegetation regenerates, and not significant 
(Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). Existing 
access, including all-weather and winter roads, seismic and other cutlines, are used for timber harvest 
operations in the RSA whenever feasible. As a result, no new access roads were identified in association 
with the known future developments included in the PDC, and the potential for increased black bear 
mortality risk associated with increased open road density does not change from the Application Case to 
PDC. Timber harvest operators are expected to follow traffic laws (e.g., speed limits) to reduce potential 
for bear mortalities from vehicular collisions. There is no change in the cumulative effects evaluation of 
black bear mortality from Application Case to PDC. Effects are expected to be low in magnitude and not 
significant (Section 2.7.3.11). 

Summary 
The potential cumulative effects for the PDC on black bear habitat availability and effectiveness, 
movement, and health and mortality risk are predicted to be of negligible to low magnitude and not 
significant. Therefore, measurable effects on black bear abundance in the RSA are not expected to occur. 
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2.7.3.3 Fisher 

Change in Habitat Availability and Effectiveness 
Fisher habitat availability is expected to decrease by 27% in the LSA at PDC compared to Baseline Case 
(Figure 2.7-5 and Table 2.7-5). At the regional scale, fisher habitat availability is anticipated to decline by 
7% (Figure 2.7-6 and Table 2.7-5), which is within the 30% threshold of regional habitat change adopted 
for fisher and, therefore, effects are predicted to be of low magnitude. Fisher will likely avoid cutblocks 
during harvesting (i.e., reduced habitat effectiveness is short-term duration) as a result of the high level of 
human activity. Overall, cumulative residual effects on fisher habitat availability and effectiveness are 
expected to be long-term in duration, but reversible once cleared areas associated with future cutblocks, 
existing developments and the Project regenerate to mature forests, and not significant 
(Section 2.7.3.11).  

TABLE 2.7-5 
 

CHANGE IN FISHER HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline (ha) PDC (ha) Change (ha) % Change Baseline (ha) PDC (ha) Change (ha) % Change 

Nil 1,136 2,652 1516 133 5,983 6,869 886 15 
Low 4,438 3,670 -768 -17 50,356 55,701 5,345 11 
Moderate 2,525 1,888 -637 -25 55,325 50,789 -4,536 -8 
High 246 135 -111 -45 33,678 31,984 -1,694 -5 
Total Moderate 
and High Habitat 2,771 2,023 -748 -27 89,003 82,773 -6,230 -7 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Given their avoidance of large openings, fisher movement and dispersal is likely limited in habitats with 
large natural or anthropogenic openings such as graminoid meadows, burns or cutblocks (Collister et al. 
2003). The planned future cutblocks in the RSA will likely filter fisher movement to some degree, but are 
not likely to cause complete barriers. Timber harvest operations are expected to follow the standards and 
guidelines for operating beside watercourses, which allow for riparian habitat buffers by mandating 
setback distances (ASRD 2008b). Fisher movements frequently occur along forested riparian areas, and 
forested corridors between riparian areas may provide important linkages for fisher dispersal (Powell and 
Zielinski 1994). When known future developments are considered in combination with the Project and 
existing developments, the effects on fisher movement are not measurably different from the Application 
Case. The cumulative effects on fisher movement are continuous and long-term in duration, but reversible 
and of low magnitude and, therefore, not significant (Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). As 
discussed in the Application Case assessment, planned future timber harvest operations will potentially 
interact with the Project, other oil and gas activities, and trapping in the RSA to affect fisher mortality risk 
as a result of vegetation clearing (i.e., felling of occupied natal or maternal den trees) and vehicle 
collisions. There are no new access roads identified for the PDC that would increase trapping pressure. 
The cumulative effects of the planned future cutblocks in addition to the Project and existing 
developments and activities on fisher health and mortality risk are not measurably different from the 
Application Case. The cumulative effects on fisher health and mortality risk for the PDC are expected to 
be of low magnitude and not significant (Section 2.7.3.11). 

Summary 
The potential cumulative effects on fisher habitat availability and effectiveness, movement, and health 
and mortality risk for the PDC are predicted to be of low magnitude and not significant. Therefore, 
measurable effects on fisher abundance in the RSA are not expected to occur. 
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2.7.3.4 Lynx/Snowshoe Hare 

Change in Habitat Availability and Effectiveness 
When planned future cutblocks are considered in combination with the Project and existing developments 
and activities, lynx and snowshoe hare habitat is predicted to decline by 23% in the LSA (Figure 2.7-7) 
and 6% in the RSA (Figure 2.7-8 and Table 2.7-6). The predicted change in the RSA is within the 30% 
threshold of regional habitat change adopted for lynx and snowshoe hare and, therefore, cumulative 
effects in the RSA on habitat availability for this indicator are of low magnitude. The effects on habitat 
availability are reversible in the long-term once disturbed areas are reclaimed and natural vegetation 
regenerates. Cumulative effects on lynx and snowshoe hare habitat availability for the PDC are expected 
to be not significant (Section 2.7.3.11). 

TABLE 2.7-6 
 

CHANGE IN LYNX/HARE HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

300 m LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Low 812 1,921 1,109 137 10,026 10,882 856 9 
Low – Moderate 1,080 801 -279 -26 28,546 34,307 5,761 20 
Moderate - High 2,207 1,724 -483 -22 3,539 3,436 -103 -3 
High 1,433 1,086 -347 -24 103,222 96,708 -6,514 -6 
Total Moderate and 
High Habitat 3,640 2,810 -830 -23 106,761 100,144 -6,617 -6 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Provided cover is available on both sides, lynx appear to use narrow (less than 15 m wide) linear 
corridors for travel and hunting (Devon 2010, Koehler and Brittell 1990) and readily cross highways 
(Mowat et al. 2000). However, large open areas such as recent cutblocks lack sufficient cover and are 
avoided (Collister et al. 2003). Travel corridors that provide effective cover are considered an essential 
habitat component for female lynx who may relocate kittens to as many as five maternal dens per year 
(Olson et al. 2011). Since timber harvest operations are expected to follow the standards and guidelines 
for operating beside watercourses (ASRD 2008b), the effects of the planned future cutblocks on lynx 
movement will be reduced since the required setback distances from watercourses will leave riparian 
habitat buffers that will provide potential travel corridors for lynx. As a result, the combined effects of 
known future developments, the Project and existing developments and activities on lynx movement are 
not expected to differ measurably from the Application Case. The cumulative effects on lynx movement 
are reversible following reclamation and regeneration of natural vegetation, of low magnitude and 
expected to be not significant (Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). As 
discussed in the assessment of the Application Case, potential effects on lynx health and mortality risk 
are primarily associated with increased access (i.e., trapping pressure and vehicle collisions). There are 
no new access roads identified associated with the known future developments for the PDC and, 
therefore, the potential effects associated with trapping pressure are the same between the Application 
Case and PDC. Similarly, timber harvest operators are expected to follow traffic speed laws, which will 
reduce the potential for vehicular collisions with wildlife. Overall, potential cumulative effects of known 
future developments, the Project and other existing developments and activities on lynx mortality are 
long-term in duration, reversible once activities cease, and of low magnitude. Therefore, potential effects 
on lynx mortality risk are considered not significant (Section 2.7.3.11). 
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Summary 
The potential cumulative effects on lynx and snowshoe hare habitat availability and effectiveness, 
movement, and health and mortality risk for the PDC are predicted to be of low magnitude and not 
significant. Therefore, measurable effects on lynx and hare abundance in the RSA are not expected to 
occur. 
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2.7.3.5 Moose 

Change in Habitat Availability and Effectiveness 
When planned future cutblocks are considered in combination with the Project and existing developments 
and activities, moderate and high suitability moose habitat is predicted to decline by 42% in the LSA 
(Figure 2.7-9 and Table 2.7-7). This reduction in suitable habitat is less than that predicted for the 
Application Case (45%), since the local scale habitat model (RSPF) shows strong moose selection 
against conifer dominated stands, which are predicted to be harvested for the PDC scenario. The large 
reduction of moderate and high suitability moose habitat within the LSA for the PDC is primarily a result of 
reduced habitat effectiveness in proximity to oil and gas facilities and secondary roads associated with 
the Project. 

At the regional scale, a 7% reduction in moderate and high suitability habitat for moose is expected for 
the PDC compared to Baseline Case (Figure 2.7-10 and Table 2.7-7). This is within the 30% threshold of 
regional habitat change adopted for moose and, therefore, cumulative effects in the RSA on habitat 
availability and effectiveness for moose are of low magnitude. The entire footprint of future cutblocks, the 
Project and existing developments are assessed for the PDC, which results in a conservative estimate of 
effects since these activities are expected to be developed in a progressive manner over the assessment 
period. However, the planned cutblocks and the Project will be developed and reforested/reclaimed in 
phases, so that the actual amount of disturbed habitat at any given time over the assessment period will 
be lower than the total estimated disturbance. Since moose select foraging habitat with high shrub 
densities, the reforested/reclaimed habitats are expected to regenerate to moderate to high suitability 
moose habitat relatively quickly (i.e., within 10 to 15 years). Overall, the residual cumulative effects of 
known future developments, the Project and existing developments and activities on moose habitat 
alteration are long-term in duration, since habitat is expected to recover following decommissioning and 
reclamation of the Project and reforestation of cutblocks. The cumulative effects on moose habitat 
availability and effectiveness are predicted to be of low magnitude, reversible, and not significant 
(Section 2.7.3.11). 

TABLE 2.7-7 
 

CHANGE IN MOOSE HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Low 3,832 4,642 810 21 8,855 10,583 1,728 20 
Low – Moderate 2,201 2,385 184 8 27,635 33,748 6,114 22 
Moderate - High 2,037 1,210 -827 -41 61,744 56,814 -4,929 -8 
High 341 174 -167 -49 47,108 44,196 -2,912 -6 
Total Moderate and 
High Habitat 2,378 1,384 -994 -42 108,852 101,010 -7,841 -7 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
The identified known future developments (i.e., future cutblocks) will not affect permeability of the 
landscape to moose. As a result, cumulative effects on moose movement for the PDC are the same as 
described for the Application Case (Section 2.6.3.5), and are predicted to be not significant 
(Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). As 
discussed in the assessment of the Application Case (Section 2.6.3.5), moose populations are 
considered more sensitive to overharvest and other sources of mortality than to habitat loss and 
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fragmentation (Antoniuk et al. 2009). The potential cumulative effects of existing and planned 
developments in the RSA on moose mortality risk are primarily related to linear corridors. There are no 
new linear corridors identified for the PDC and, therefore, the cumulative effects on moose health and 
mortality risk for the PDC are the same as described for the Application Case, and are predicted to be not 
significant (Section 2.7.3.11). 

Summary 
The potential cumulative effects on moose habitat availability and effectiveness, movement, and health 
and mortality risk for the PDC are predicted to be of low magnitude and not significant. Therefore, 
measurable effects on moose abundance in the RSA are not expected to occur. 
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2.7.3.6 Northern Goshawk 

Change in Habitat Availability and Effectiveness 
There is very little available moderate and high suitability nesting habitat for northern goshawk in the LSA 
at Baseline Case. As a result, the disturbance of even small areas of these habitats translates to a large 
proportion of the available habitat at the local scale. An 86% reduction in moderate and high suitability 
goshawk nesting habitat is predicted at PDC compared to Baseline Case (Figure 2.7-11 and Table 2.7-8). 
At PDC, the largest patch size in the LSA of moderate to high suitability nesting quality for northern 
goshawk is reduced to 2.9 ha, a 78% reduction in size from Baseline Case. The average patch size in the 
LSA at PDC is less than 0.1 ha, a 90% reduction from Baseline Case. 

A 9% reduction in moderate and high suitability goshawk nesting habitat is predicted in the RSA for the 
PDC (Figure 2.7.12 and Table 2.7-8), which is below the 30% threshold of regional habitat change 
adopted for northern goshawk. The increase in moderate suitability habitat at the regional scale from 
Baseline Case to PDC is a result of northern goshawk avoidance of “hard edges.” Patches of 
undisturbed, otherwise high suitability habitat for the PDC is reduced to moderate suitability due to its 
proximity to disturbance. 

Fragmentation effects are not considered a concern for northern goshawk for the PDC. The cumulative 
habitat disturbance in the RSA for the PDC is an estimated 23% of the available moderate and high 
suitability goshawk nesting habitat potentially available in pre-disturbance conditions. This proportion of 
habitat disturbance in the RSA is well below the level of regional suitable habitat loss (i.e., 70%) at which 
point habitat arrangement (i.e., fragmentation) effects become substantive (see Section 2.4.4.2). 

The cumulative effects on northern goshawk nesting habitat availability and effectiveness are predicted to 
be of low magnitude at the regional scale for the PDC. The effects are long-term in duration since 
goshawks require mature forest stands for nesting, but are expected to be reversible with reclamation of 
disturbed areas. The combined effects of the known future developments, the Project and existing 
disturbances and activities are predicted to be not significant at the regional scale (Section 2.7.3.11). 

TABLE 2.7-8 
 

CHANGE IN GOSHAWK HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 7,480 7,927 447 6 41,219 48,167 6,948 17 
Low 611 266 -344 -56 20,354 21,341 988 5 
Moderate 99 15 -84 -85 12,251 12,367 116 1 
High 19 1 -18 -95 71,519 63,467 -8,052 -11 
Total Moderate and 
High Habitat 118 16 -102 -86 83,770 75,833 -7,936 -9 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Summary 
The potential cumulative effects on northern goshawk habitat availability and effectiveness, movement, 
and health and mortality risk for the PDC are predicted to be not significant. Therefore, measurable 
effects on goshawk abundance in the RSA are not expected to occur. 
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2.7.3.7 Old-Forest Bird Community 

Change in Habitat Availability and Effectiveness 
The availability of moderate and high suitability habitat for old-forest birds is predicted to decline by 53% 
in the LSA at PDC (Figure 2.7-13 and Table 2.7-9). This is a substantial reduction from the Application 
Case since the known future developments included in the PDC are forestry cutblocks, which target 
mature forest stands. Within the RSA, moderate and high suitability habitat for old-forest birds is predicted 
to decline by 8% compared to Baseline Case (Figure 2.7-14 and Table 2.7-9), which is within the 30% 
threshold of regional habitat change adopted for this indicator. 

Noise associated with the known future developments (i.e., timber harvest operations) is not expected to 
measurably affect habitat effectiveness for old-forest birds, since timber harvest in the RSA is typically 
conducted in winter, outside of bird breeding season and when most old-forest bird species are in 
overwintering grounds. Resident species may experience short-term effects associated with noise from 
timber harvest, but effects are expected to be negligible. The effects of noise on old-forest bird habitat 
effectiveness are, therefore, expected to be the same for the PDC as assessed for the Application Case. 

Fragmentation effects are not considered a concern for old-forest birds for the PDC. Cumulative habitat 
disturbance in the RSA at PDC is an estimated 32% of the available moderate and high suitability old-
forest bird habitat potentially available in pre-disturbance conditions. This proportion of habitat 
disturbance in the RSA is well below the level of regional suitable habitat loss (i.e., 70%) at which point 
habitat arrangement (i.e., fragmentation) effects become substantive (see Section 2.4.4.2). 

At the regional scale, an 8% direct reduction in moderate and high suitability old-forest bird habitat and no 
change in the probability of fragmentation effects is predicted for the PDC compared to Baseline Case. 
Reclamation of disturbed areas is expected to restore natural successional trajectories of forest 
vegetation communities, but since mature to old forest stands are required for this indicator, the effect is 
long-term in duration and continuous. With time, direct effects on old-forest bird habitat availability are 
reversible. As discussed in the Application Case assessment (Section 2.6.3.7), 85% of the available 
moderate and high suitability habitat for old-forest birds in the LSA at Application Case is expected to be 
affected by noise levels above 30 dBA during Project operations, which will reduce habitat effectiveness 
over the medium-term (i.e., operation phase). Overall, the cumulative effects of the known future 
developments, the Project and existing activities on old-forest bird habitat availability and effectiveness 
are considered to be of medium magnitude, reversible and not significant (Section 2.7.3.11). 

TABLE 2.7-9 
 

CHANGE IN OLD-FOREST BIRD HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 3,573 5,718 2,145 60 33,600 40,917 7,317 22 
Low 2,109 1,404 -705 -33 16,087 16,188 101 1 
Moderate 976 793 -183 -19 41,183 38,691 -2,491 -6 
High 1,753 497 -1,257 -72 54,462 49,536 -4,926 -9 
Total Moderate and 
High Habitat 2,730 1,290 -1,440 -53 95,645 88,227 -7,417 -8 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Planned future cutblocks will create forest openings that will interact with the Project and other existing 
clearings to affect forest bird movement. Openings may filter bird movement but are not expected to 
result in complete barriers. The cumulative effects on bird movement are continuous, and long-term in 
duration, since regeneration of forest vegetation on disturbed areas is needed to alleviate effects. With 
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reclamation measures, the effects are expected to be reversible. Effects on bird movement within the 
RSA are expected to be of low magnitude and not significant (Section 2.7.3.11). 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). The 
planned future cutblocks for the PDC are not expected to affect avian mortality risk. Timber harvest 
activities in the RSA typically occur during winter, outside of the bird nesting period. As a result, 
cumulative effects on old-forest bird health and mortality risk for the PDC are predicted to be the same as 
those discussed for the Application Case (Section 2.6.3.7). The effects are expected to be of low 
magnitude and not significant (Section 2.7.3.11). 

Summary 
The potential cumulative effects on old-forest bird habitat availability and effectiveness, movement, and 
health and mortality risk for the PDC are predicted to be of low to medium magnitude and not significant. 
Therefore, measurable effects on old-forest bird abundance in the RSA are not expected to occur. 
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2.7.3.8 Sandhill Crane 

Change in Habitat Availability and Effectiveness 
Sandhill crane nesting habitat (moderate and high suitability habitat) is reduced in the LSA by 70% for the 
PDC compared to Baseline Case (Figure 2.7-15 and Table 2.7-10). In the RSA, nesting habitat for 
sandhill crane is predicted to decline by 3% in the PDC compared to Baseline Case (Figure 2.7-16 and 
Table 2.7-10). The models for sandhill crane were developed such that potential nesting habitat is 
represented by moderate and high suitability habitat, and foraging habitat is represented by the low 
suitability habitat (Appendix 2C). Since the planned future cutblocks in the PDC create foraging habitat in 
proximity to potentially suitable nesting wetlands, the area of moderate suitability sandhill crane nesting 
habitat increases in the RSA at PDC compared to Application Case. The cumulative reduction in sandhill 
crane nesting habitat for the PDC at the RSA scale is well below the 30% threshold of regional habitat 
change adopted for sandhill crane and, therefore, the magnitude of effects on crane nesting habitat 
availability are considered low. As discussed in the Application Case assessment (Section 2.6.3.8), 
cumulative effects on sandhill crane nesting habitat availability and effectiveness are considered 
reversible with application of mitigation (i.e., reclamation), and are expected to be not significant. 

TABLE 2.7-10 
 

CHANGE IN SANDHILL CRANE HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 6,732 7,030 298 4 114,593 109,364 -5,229 -5 
Low 1,255 1,256 1 <1 17,373 22,998 5,625 32 
Moderate 365 114 -251 -69 12,176 11,839 -337 -3 
High 59 11 -48 -81 1,190 1,130 -59 -5 
Total Moderate and 
High Habitat 424 125 -299 -70 13,366 12,970 -396 -3 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  

 

Summary 
The potential residual effects on sandhill crane habitat availability and effectiveness, movement, and 
health and mortality risk for the PDC are predicted to be of low magnitude and not significant. Therefore, 
measurable effects on sandhill crane abundance in the RSA are not expected to occur. 
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2.7.3.9 Western Toad 

Change in Habitat Availability and Effectiveness 
Moderate and high suitability habitat for western toad is predicted to decline by 25% in the LSA 
(Figure 2.7-17) and 6% in the RSA (Figure 2.7-18 and Table 2.7-11) from Baseline Case to the PDC. 
Western toads are often abundant in terrestrial and breeding habitats in clearcuts (Wind and Dupuis 
2002). Open habitats are typically warmer at the surface than forested areas, and may be attractive to 
toads. However, these disturbed habitats may be population sinks for breeding toads (Gyug 1999, 
Stevens et al. 2006), and research has found western toads do not use anthropogenic disturbance for 
hibernating (Browne and Paszkowski 2010). As a result, the addition of planned future cutblocks is 
expected to reduce the availability of suitable western toad habitat, as predicted by the habitat models. 
The cumulative reduction of moderate and high suitability western toad habitat in the RSA for the PDC is 
below the 20% threshold of regional habitat change adopted for this indicator and, therefore, cumulative 
effects on toad habitat availability and effectiveness are considered to be low in magnitude. With 
application of mitigation (e.g., reclamation/reforestation) (refer to Section 2.6.3.9), cumulative effects on 
western toad habitat availability and effectiveness are expected to be reversible, and are predicted to be 
not significant (Section 2.7.3.11). 

TABLE 2.7-11 
 

CHANGE IN WESTERN TOAD HABITAT AVAILABILITY FROM BASELINE CASE TO PDC 

Habitat Suitability 
Rating 

1 km LSA RSA 
Baseline 

(ha) 
PDC 
(ha) 

Change 
(ha) % Change 

Baseline 
(ha) 

PDC 
(ha) 

Change 
(ha) % Change 

Nil 2,834 4,269 1,435 51 22,386 29,512 7,127 32 
Low 1,010 701 -309 -31 8,267 7,817 -450 -5 
Moderate 2,250 1,681 -569 -25 71,485 66,551 -4,934 -7 
High 2,318 1,761 -557 -24 43,195 41,452 -1,742 -4 
Total Moderate and 
High Habitat 4,568 3,442 -1,126 -25 114,679 108,003 -6,676 -6 

Note: Area/percent of study areas not modeled due to missing data (cloud, shadow or no data) were excluded from summary of habitat availability.  
 

Change in Movement 
Timber harvesting is unlikely to affect toad movement. Therefore, cumulative effects on western toad 
movement for the PDC are considered to be the same as assessed for the Application Case 
(Section 2.6.3.9). The effects of the Project in combination with known future developments and existing 
activities on western toad movement are expected to be continuous and medium-term in duration, but of 
low magnitude, reversible following decommissioning and reclamation of disturbed sites, and not 
significant. 

Change in Health and Mortality Risk 
Results of the SLWRA indicate risks to wildlife health are low and no impacts to wildlife populations are 
expected from exposure to soil, water or air contaminants for the PDC (Volume 5, Appendix 4F). The 
potential effects of timber harvest on western toad mortality risk were included in the discussion of 
potential cumulative effects for the Application Case (Section 2.6.3.9). The addition of future cutblocks for 
the PDC is not expected to measurably change the magnitude of potential effects on western toad 
mortality risk compared to the Application Case. The magnitude of cumulative effects on western toad 
health and mortality risk resulting from known future developments, the Project and other existing 
activities is conservatively predicted to be medium. Application of mitigation measures (e.g., 
reclamation/reforestation, grading of ruts and depressions in well pads, log decking sites, etc.) are 
expected to effectively reduce effects on western toad mortality. The cumulative effects on western toad 
health and mortality risk in the RSA at PDC are predicted to be not significant (Section 2.7.3.11). 
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Summary 
The potential residual effects on western toad habitat availability and effectiveness, movement, and 
health and mortality risk for the PDC are predicted to be of low to medium magnitude and not significant. 
Therefore, measurable effects on western toad abundance in the RSA are not expected to occur. 
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2.7.3.10 Woodland Caribou 

The identified potential effects of the Project that may interact with other developments to affect woodland 
caribou are associated with linear developments. Clearing of new linear features may indirectly affect 
caribou mortality risk as a result of altered predator-prey dynamics in the region. There are no known 
future linear features identified for the PDC. Expansion of Highway 63 will not increase linear feature 
density in the RSA. There are no currently planned access roads associated with the identified future 
cutblocks. As a result, the potential effects for the PDC related to potential for linear corridors to increase 
caribou mortality risk (i.e., increased predation) are the same as those discussed in the Application Case 
assessment (Section 2.6.3.10), and are predicted to be not significant. 

2.7.3.11 Summary of Potential Effects on Wildlife Indicators at Planned Development Case 

The evaluation of significance of potential cumulative effects of the Project in combination with existing 
and known future activities for each wildlife indicator for the PDC is summarized in Table 2.7-12. All of the 
potential cumulative residual effects are expected to be reversible. There are no potential cumulative 
residual effects on wildlife that are predicted to have significant effects for the PDC. 

TABLE 2.7-12 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON WILDLIFE AT PDC 

Discipline Indicator/Potential Residual 
Effect Im

pa
ct

 B
ala

nc
e 

Sp
at

ial
 B
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nd
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y Temporal Context 

Ma
gn

itu
de

 

Pr
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y 
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nf
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en

ce
 

Si
gn
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e 
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tio
n 
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eq

ue
nc

y 

Re
ve

rs
ib
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y 

1. Beaver 
(a) Change in habitat availability/effectiveness neutral RSA long-term continuous reversible low high high not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
2. Black Bear 
(a) Change in habitat availability/effectiveness neutral RSA long-term continuous reversible negligible high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
3. Fisher 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
4. Lynx/Snowshoe Hare 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high high not 

significant 
5. Moose 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible low high moderate not 

significant 
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TABLE 2.7-12  Cont'd 

Discipline Indicator/Potential Residual 
Effect Im

pa
ct

 B
ala

nc
e 

Sp
at

ial
 B

ou
nd

ar
y Temporal Context 

Ma
gn
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6. Northern Goshawk 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
7. Old-Forest Bird Community 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible medium high high not 

significant 
(b) Change in movement negative RSA long-term continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA medium-

term 
continuous reversible low high high not 

significant 
8. Sandhill Crane 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
9. Western Toad 
(a) Change in habitat availability/effectiveness negative RSA long-term continuous reversible low high moderate not 

significant 
(b) Change in movement negative RSA medium-

term 
continuous reversible low high high not 

significant 
(c) Change in health and/or mortality risk negative RSA long-term continuous reversible medium high moderate not 

significant 
10. Woodland Caribou 
(a) Change in health and/or mortality risk negative CRSA long-term continuous reversible low high moderate not 

significant 
 

2.8 Monitoring 

BlackPearl will work with ASRD to develop an appropriate wildlife monitoring protocol that will facilitate 
evaluation and adaptive management of Project effects on wildlife and mitigation measures. The Wildlife 
Monitoring Program will be initiated during the construction of Phase 1 of the Project and will continue for 
a minimum of five years, at which point the program will be re-evaluated and adjusted if necessary. The 
monitoring program protocols will reflect the Project phase. During the construction and operation phases, 
monitoring objectives will focus on ensuring the applied mitigation measures are effectively mitigating 
adverse effects on wildlife in the LSA. As the Project progresses into the decommissioning, reclamation 
and closure phases, the objectives of the monitoring program will be to evaluate the effectiveness of 
reclamation efforts to restore disturbed wildlife habitat in the Project Area, and inform adjustment of 
reclamation protocols, if needed, to ensure habitat restoration objectives are met. 

The Wildlife Monitoring Program will include reporting of wildlife sightings and incidents observed by 
BlackPearl employees and contractors. Completion of wildlife sighting/incident cards will be covered in 
the environmental education component of the mandatory orientation training required for staff and 
contractors entering the site. These wildlife records will be summarized annually and submitted to ASRD. 
Personnel will be required to report all vehicle-wildlife collisions and records will be reported to ASRD. 
Any nuisance problems with wildlife (e.g., black bear, beaver) will also be reported to ASRD. During the 
construction and operation phases, temporary waterbodies (e.g., stormwater collection pond) will be 
periodically inspected for amphibians. If warranted, amphibians may be moved (in consultation with 
ASRD and by a qualified wildlife biologist in accordance with applicable protocols and permit conditions). 
Information collected from wildlife sighting/incident cards and periodic inspections of temporary 
waterbodies will guide adaptive mitigation measures, such as installation of exclusion fencing or signs, or 
additional safety/environmental training for site personnel. 

Wildlife crossings will be monitored during the operation phase to evaluate their effectiveness in 
maintaining wildlife movement. Further mitigation will be considered if crossings are not being used by 
wildlife and the above-ground pipelines appear to be acting as barriers to wildlife movement. 
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The effects of the Project on wildlife movement will be monitored during the operation phase of the 
Project. Prior to construction, BlackPearl will consult further with ASRD to discuss monitoring protocols, 
such as wildlife cameras and snow tracking. Wildlife cameras will be considered, since they have been 
used previously in wildlife monitoring studies as an effective and efficient long-term method of 
continuously monitoring wildlife with minimal disturbance (e.g., Clevenger and Waltho 2000, Swann et al. 
2004, Clevenger and Waltho 2005, Dunne and Quinn 2009, Ford et al. 2009, Mateus et al. 2011). Should 
remote cameras be employed, habitat modelling, results of TEK and wildlife field surveys, terrain mapping 
and Project design requirements will aid in determining camera placement. Remote cameras may be 
placed in areas with observed high wildlife use (e.g., wildlife trails), locations near important habitat 
features such as wetlands or permanent watercourses, and at locations along the proposed multi-use 
corridors with lower topography where elevated pipelines are likely to occur. Select sites outside of the 
LSA may also be monitored as a control to account for natural variations in wildlife activity in areas 
without Project disturbance. Data obtained from the monitoring will be used to evaluate effects of the 
Project on wildlife movement, and inform development of adaptive measures to maintain permeability of 
the Project Area for wildlife, if warranted. By categorizing wildlife responses as either successful 
crossings, deflections, parallel travel or avoidance, the need for adjustments in mitigation strategies can 
be identified. 

BlackPearl intends to participate in regional monitoring initiatives and adopt standardized monitoring 
protocols as they are developed by the EMCLA. BlackPearl anticipates that the EMCLA will facilitate 
sharing of project-specific wildlife monitoring information amongst in-situ operators in the region and 
coordinate regional wildlife monitoring efforts. In addition to EMCLA, BlackPearl plans to participate in the 
ABMI regional monitoring program. BlackPearl is also committed to joining the OSDG, which is an 
industry association representing companies actively engaged in the development of Canada’s 
Athabasca oil sands region. BlackPearl will participate on the environmental committee, which is 
supportive of the regional biodiversity monitoring initiative. BlackPearl will also investigate participation 
with the Alberta Caribou Committee. 

2.9 Summary 

The Project has potential to affect wildlife resources in the LSA, RSA and CRSA, and will likely interact 
with existing and known future developments to have cumulative effects on wildlife. The identified issues 
assessed for wildlife in this EIA include wildlife habitat availability and effectiveness, wildlife movement, 
and wildlife health and mortality risk, all of which have potential to affect wildlife abundance and traditional 
use. The identified issues were assessed for each of the ten wildlife indicators: beaver, black bear, fisher, 
lynx/snowshoe hare, moose, northern goshawk, old-forest bird community, sandhill crane, western toad 
and woodland caribou.  

Results of the quantitative assessment of habitat availability (i.e., habitat modeling) indicate that predicted 
habitat change from Baseline Case to Application Case and PDC in the RSA is below regional thresholds 
adopted for the assessment. The magnitude of effects on wildlife habitat availability and effectiveness is 
generally low for most indicators, but ranges from low to medium for the Application Case and from 
negligible to medium for the PDC. The potential cumulative effects on wildlife movement are expected to 
be negligible to low. The Screening Level Wildlife Risk Assessment concluded that risks to wildlife health 
are low and no impacts to wildlife populations are expected from exposure to soil, water or air 
contaminants for the Application Case and PDC. The potential effects on wildlife health and mortality risk 
for the assessed wildlife indicators are generally negligible to low, but may be medium for western toad. 
All potential residual cumulative effects on wildlife for both the Application Case and PDC are expected to 
be reversible and not significant. 
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POTENTIAL WILDLIFE SPECIES WITH SPECIAL CONSERVATION STATUS IN THE 
WILDLIFE RSA 

 

Scientific Name Common Name Habitat 
RSA within Known 

Species Range 

Habitat 
Requirements within 

RSA 
Provincial 

Designations 
Federal/Global 
Designations 

MAMMALS  
Bos bison athabascae wood bison Woodlands with meadows.  No No S1 (T)1 

Endangered2 

At Risk3 

G4T2Q 

Threatened5,6 

Gulo gulo Wolverine Boreal forests, tundra, subalpine areas.  Yes Yes S3 (T)1 

May Be At Risk3 
Special Concern6 

Lasionycteris noctivagans silver-haired bat Roosts in the cavities of old, decaying trees, 
including woodpecker holes and behind loose 
bark. Forages in openings. 

Yes Yes S3 (T.h)1 

Sensitive3 
-- 

Lasiurus borealis eastern red bat Open forested areas or farm shelter belts.  Yes Yes S1 (T)1 

Sensitive3 
-- 

Lasiurus cinereus hoary bat Roosts in coniferous or deciduous forest. 
Forages in openings, including above the 
forest canopy.  

Yes Yes S2 (T.h)1 

Sensitive3 
-- 

Lynx canadensis Canada lynx Coniferous and mixed forests.  Yes Yes S4 (W)1 

Sensitive3 
-- 

Martes pennanti fisher Dense coniferous forests.  Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Myotis lucifugus little brown myotis Roosts in buildings, large decaying trees, and 
rock crevices/caves. Forages in a variety of 
habitats, especially wetlands.  

Yes Yes S5 (T.h)1 Endangered6 

Myotis septentrionalis northern myotis Mature or old-growth deciduous/coniferous 
forest 

Yes Yes S2S3 (T.h)1 

May Be At Risk3 
Endangered6 

Rangifer tarandus pop. 14 woodland caribou, boreal 
population 

Mature coniferous and mixedwood forests.  Yes Yes S2 (T)1 

Threatened2 

At Risk3 

Threatened5,6 

Taxidea taxus American badger Open grasslands and aspen parkland.  No No S4 (W)1 

Sensitive3 
-- 

BIRDS  
Accipiter gentilis northern goshawk Mature mixedwood forest with high canopy 

closure.  
Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Aechmophorus occidentalis western grebe Deep medium to large lakes with extensive 
stands of emergent vegetation.  

Yes Yes S3 (W)1 

Special Concern2 

Sensitive3 

-- 

Anas acuta northern pintail Open areas with seasonal shallow ponds, 
marshes and reedy shallow lakes with drier 
margins.  

Yes Yes S4S5 (W)1 

Sensitive3 
-- 
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Scientific Name Common Name Habitat 
RSA within Known 

Species Range 

Habitat 
Requirements within 

RSA 
Provincial 

Designations 
Federal/Global 
Designations 

Anas crecca green-winged teal Wooded ponds and streams. Nests in upland 
area in dense cover, often in shrubs or sedges. 
In grassland subregions, typically nests in 
sedges on low ground near sloughs.  

Yes Yes S4S5 (W)1 

Sensitive3 
-- 

Aquila chrysaetos golden eagle Rocky outcrops, sparsely treed mountain 
slopes and grassland habitats with coulees, 
steep riverbanks and canyons.  

No No S3 (W)1 

Sensitive3 
-- 

Ardea herodias great blue heron Open shallow water at edges of freshwater 
lakes and streams.  

Yes Yes S3 (W)1 

Sensitive3 
-- 

Asio flammeus short-eared owl Open meadows, marshes and clear cuts 
adjacent to cover and hunting areas.  

Yes Yes S3 (T)1 

May Be At Risk3 
Special Concern6 

Aythya affinis lesser scaup Permanent and semi-permanent wetlands with 
tall, dense herbaceous vegetation for nesting.  

Yes Yes S5 (W)1 

Sensitive3 
-- 

Bartramia longicauda upland sandpiper Open, grassy uplands, hay fields, pastures, 
wet meadows and old fields with minimal shrub 
or tree growth.  

No No S3 (W)1 

Sensitive3 
-- 

Botaurus lentiginosus American bittern Areas with a dense growth of emergent 
vegetation or tall grasses.  

Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Buteo platypterus broad-winged hawk Mature forests.  Yes Yes S3 (W)1 

Sensitive3 
-- 

Buteo swainsoni Swainson's hawk Open areas with tall shrubs or low trees for 
nesting.  

Yes No S4 (W)1 

Sensitive3 
-- 

Calidris canutus rufa red knot, rufa subspecies Migratory in Alberta; nests in the arctic. 
Migration stopover habitat includes 
waterbodies with extensive sandflats or 
mudflats with bivalves or other benthic 
invertebrates available for forage.  

No No SU (T)1 

May Be At Risk3 
G4T2 

Endangered6 

Certhia americana brown creeper Coniferous and mixed mature forests.  Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Charadrius melodus piping plover Extensive sandy, gravelly beaches on shores 
of saline lakes or ponds.  

No No S2 (T)1 

Endangered2 

At Risk3 

G34 

Endangered5,6 

Charadrius semipalmatus semipalmated plover Migratory in Alberta. Mudflats, sandy or muddy 
beaches, flat open margins of ponds, lakes, 
rivers.  

No No SU (T)1 -- 

Chlidonias niger black tern Shallow lakes, marshes, sloughs, ponds and 
wet meadows.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

Chordeiles minor common nighthawk Open forest and forest clearings (e.g., logged 
or burned areas, natural woodland clearings), 
grasslands, rock outcrops and flat gravel 
rooftops of buildings. Typically nest in open 
areas near logs, boulders, grassy clumps and 
shrubs. 

Yes Yes S4 (T)1 

Sensitive3 
Threatened5,6 

Circus cyaneus northern harrier Open areas near wetlands or marshy 
meadows.  

Yes Yes S5 (W)1 

Sensitive3 
-- 

Cistothorus platensis sedge wren Uncultivated and cultivated tall grass fields, 
bogs and meadows.  

Yes Yes S2 (T)1 

Sensitive3 
-- 
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Contopus cooperi olive-sided flycatcher Forests and woodlands, burned areas with 
standing dead trees, taiga, subalpine 
coniferous forest and mixed coniferous-
deciduous forest, especially near wetland 
areas.  

Yes Yes S3 (T)1 

May Be At Risk3 
Threatened5,6 

Coturnicops noveboracensis yellow rail Large, dense grass or sedge marshes.  Yes Yes SU (T)1 Special Concern5,6 

Cygnus buccinator trumpeter swan Small to medium-sized shallow, isolated lakes 
with well developed emergent and submergent 
plant communities.  

Yes Yes S2S3 (T)1 

Threatened2 

At Risk3 

-- 

Dendroica castanea bay-breasted warbler Spruce; spruce/pine/ tamarack mixedwood; 
coniferous dominated mixedwood.  

Yes Yes S3 (W)1 

Sensitive3 
-- 

Dendroica fusca blackburnian warbler Mature balsam, white spruce forest or 
mixedwood forests.  

Yes Yes S2 (T)1 

Sensitive3 
-- 

Dendroica tigrina Cape May warbler Mature white spruce stands of coniferous 
mixedwood forests; open stands and edges.  

Yes Yes S3 (W)1 

Sensitive3 
-- 

Dendroica virens black-throated green 
warbler 

Coniferous, or mixed forests, often nests high 
up in conifers.  

Yes Yes S3S4 (W)1 

Special Concern2 

Sensitive3 

-- 

Dryocupus pileatus pileated woodpecker Mature forests with large trees.  Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Empidonax minimus least flycatcher Deciduous and mixedwood forests.  Yes Yes S5 (W)1 

Sensitive3 
-- 

Euphagus carolinus rusty blackbird River groves, wooded swamps, muskeg.  Yes Yes S4 (T)1 

Sensitive3 
Special Concern5,6 

Falco peregrinus anatum peregrine falcon, anatum 
subspecies 

Cliffs near water, open fields, swamps and 
marshes.  

No No S2S3 (T)1 

Threatened2 

At Risk3 

G4T3 

Threatened5 

Special Concern6 

Geothlypis trichas common yellowthroat Areas with dense, low vegetation (e.g., 
wetlands, early successional forests, forests 
with dense understory vegetation). 

Yes Yes S4 (W)1 

Sensitive3 
-- 

Glaucidium gnoma northern pygmy-owl Large stands of coniferous or mixedwood 
forest with openings.  

No No S3 (W)1 

Sensitive3 
-- 

Grus canadensis sandhill crane Marshes, bogs adjacent to ponds.  Yes Yes S4 (W)1 

Sensitive3 
-- 

Haliaeetus leucocephalus bald eagle Typically nest in mature trees along forest 
edges; often associated with lakes or rivers.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

Hirundo rustica barn swallow Open areas near water. Often nest in 
overhangs of man-made structures (e.g., 
barns, bridges), cliffs or caves. 

Yes Yes S4 (W)1 

Sensitive3 
Threatened6 

Icterus galbula Baltimore oriole Deciduous forests or mixedwood forests 
dominated by deciduous trees. Nest typically 
associated with forest edges where tree 
density is low and water is near.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

 
 
 



 

Page 2A-4

Scientific Name Common Name Habitat 
RSA within Known 

Species Range 

Habitat 
Requirements within 

RSA 
Provincial 

Designations 
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Melanitta fusca white-winged scoter Islands or shores of inland ponds, lakes or 
slow-moving streams in wooded, bushy, or 
overgrown sites; less commonly in concealed 
or bare sites in open tundra or prairie; strongly 
philopatric to nesting areas.  

Yes Yes S3S4 (W)1 

Special Concern2 

Sensitive3 

-- 

Myiarchus crinitus great-crested flycatcher Mature deciduous and mixedwoods close to 
clearings.  

Yes Yes S2S3 (T)1 

Sensitive3 
-- 

Nycticorax nycticorax black-crowned night heron Large marshy lakes or ponds; man-made 
impoundments.  

No No S2 (T)1 

Sensitive3 
-- 

Pandion haliaetus osprey Trees or man-made structures (e.g., utility 
poles) near waterbodies. 

Yes Yes S4 (W)1 

Sensitive3 
-- 

Pelecanus erythrorhynchos American white pelican Shallow, turbid lakes remote from human 
activity.  

Yes Yes S2S3 (T)1 

Sensitive3 
-- 

Phalacrocorax auritus double-crested cormorant Large lakes or reservoirs, low-lying islands.  Yes Yes S3 (W)1 -- 

Picoides arcticus black-backed woodpecker Decaying snags in burns, logged areas and 
windfalls in mixed or coniferous forests.  

Yes Yes S2S3 (W)1 

Sensitive3 
-- 

Piranga ludoviciana western tanager Mature mixedwood forests.  Yes Yes S3S4 (W)1 

Sensitive3 
-- 

Podiceps auritus horned grebe Shallow ponds and marshes. Nest along edge 
of emergent vegetation near open water.  

Yes Yes S3 (W)1 

Sensitive3 
Special Concern6 

Podilymbus podiceps pied-billed grebe Marshes and ponds with dense emergent 
vegetation along periphery.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

Porzana carolina sora Wetlands with a mix of both shallow and 
moderately deep water and emergent 
vegetation.  

Yes Yes S5 (W)1 

Sensitive3 
-- 

Progne subis purple martin Burned forests, logged areas or muskeg with 
snags for nesting. Uses nest boxes in urban 
areas.  

No No S3S4 (W)1 

Sensitive3 
-- 

Sayornis phoebe eastern phoebe Open wooded areas, often at forest edges. 
Prefers habitat near lakes or streams. Typically 
nest on cliff edges, caves, earth-bank 
overhangs; sometimes nest in buildings, 
culverts or bridges.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

Sterna forsteri Forster's tern Marshes and marshy bays bordering lakes.  Yes Yes S2S3 (T)1 

Sensitive3 
-- 

Strix nebulosa great grey owl Mature forests.  Yes Yes S4 (W)1 

Sensitive3 
-- 

Strix varia barred owl Mature mixedwoods with open areas; 
lakeshores and stream valleys.  

Yes Yes S3S4 (W)1 

Special Concern2 

Sensitive3 

-- 

Surnia ulula northern hawk owl Open coniferous or mixedwoods, muskeg.  Yes Yes S3S4 (W)1 -- 

Tympanuchus phasianellus sharp-tailed grouse Open prairie, shrubby sandhills, coulees and 
margins of watercourses.  

Yes No S3S4 (W)1 

Sensitive3 
-- 

Wilsonia canadensis Canada warbler Mature, mixedwood forests near water. Prefers 
continuous (unfragmented) forests.  

Yes Yes S3S4 (T)1 

Sensitive3 
Threatened5,6 

REPTILES  
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Thamnophis radix plains garter snake Broad habitat preferences; frequents (but not 
restricted to) ponds or lakes or dugouts or 
marshes in short-grass prairie, aspen parkland 
and marginally boreal forest.  

No No S4 (W)1 

Sensitive3 
-- 

Thamnophis sirtalis red-sided garter snake Broad habitat preference: frequents (but not 
restricted to) ponds or marshes or ditches or 
dugouts and streams in all habitat types.  

Yes Yes S4 (W)1 

Sensitive3 
-- 

AMPHIBIANS  
Anaxyrus boreas boreas western toad Forested areas, wet shrublands, avalanche 

slopes, meadows, clearcuts, streamsides, 
shallow pond edges; often with dense shrub 
cover.  

Yes Yes S3 (T)1 

Sensitive3 
Special Concern5,6 

Anaxyrus hemiophrys Canadian toad Primarily boreal forest and aspen parkland; 
shallows of temporary water bodies.  

Yes No S3 (T)1 

May Be At Risk3 
-- 

Lithobates pipiens northern leopard frog Springs, streams, marshes and permanent 
waterbodies.  

No No S2 (T)1 

Threatened2 

At Risk3 

Special Concern5,6 

Sources: ACIMS 2011a,b,c, ANHIC 2007, ASRD 2010, 2011, Banfield 1974, COSEWIC 2012, Federation of Alberta Naturalists 2007, Government of Canada 2011, NatureServe 2011a,b, Russell and 
Bauer 1993, Semenchuk 1992, Smith 1993, Stebbins 1966 

Notes: 
1. Provincial (S) ranks are assigned by the provincial and federal Conservation Data Centre(s); in cases of conflict or missing data, the provincial CDC will have preference. Ranks range from 1 (five or 

fewer occurrences) to 5 (demonstrably secure under present conditions); definitions below are adapted from NatureServe (2011b) unless noted otherwise.  
 S2 = Imperilled:  because of rarity or because of some factor(s) making it very vulnerable to extirpation.  Typically 6-20 occurrences or few remaining individuals (1,000-3,000). 
 S3 = Vulnerable:  because rare and uncommon, or found in a restricted range (even if abundant at some locations), or because of other factors making it vulnerable to extirpation.  

Typically 21-100 occurrences or between 3,000 and 10,000 individuals. 
 S4 = Apparently Secure:  uncommon but not rare, and usually widespread in the province.  Possible cause of long-term concern.  Usually more than 100 occurrences and more than 

10,000 individuals. 
 S5 = Secure:  common, widespread, and abundant in the province.  Essentially ineradicable under present conditions.  Typically with considerably more than 100 occurrences and more 

than 10,000 individuals. 
 S#S# = Range Rank:  a numeric range rank (e.g., S2S3) is used to indicate the range of uncertainty about the exact status of the element. 
 A = Accidental or casual in the province; includes species (usually birds or butterflies) recorded very infrequently commonly far outside their usual range (ACIMS 2007). 
 B = Breeding:  refers to the breeding population of the species in the nation or province. 
 Q = Questionable taxonomy:  taxonomic status is questionable; numeric rank may change with taxonomy. 
 T = Designates a rank associated with a subspecies. 
 (W) = Watch List: elements that are not currently considered as high conservation concern, but there is some information to suggest that they may become rare should there be significant 

alterations to the element’s habitats or population. Data for watch listed elements are collected by ACIMS (ACIMS 2011b). 
 NR = Unranked: rank not yet assessed. 
 (T) = Tracking List: elements for which ACIMS is actively collecting information on and processing element occurrences for because they are elements that current information suggests 

are rare or of conservation concern due to threats to populations or habitats or documented declines (ACIMS 2011b). 
 (T.h) = Tracking List - hibernacula: elements for which ACIMS is collecting detailed information on known locations of hibernacula only (ACIMS 2011a). 
2. Alberta's Wildlife Act. A species legislated as Endangered, Threatened or Special Concern under the Wildlife Act as designated by the Endangered Species Conservation Committee (ESCC) using 

definitions based on those used by the Committee on the Status of Endangered Wildlife in Canada (ASRD 2010) (see Note 6).  

 
 
 



 

3. Status designation assigned in the 2010 General Status of Alberta Wild Species (ASRD 2011). Only 'At Risk', 'May Be At Risk' and 'Sensitive' status designations are included herein. Definitions 
below are from ASRD (2011).  

 At Risk: Any species known to be 'At Risk' after formal detailed status assessment and legal designation as Endangered or Threatened in Alberta.  
 May Be At Risk: Any species that 'May Be At Risk' of extinction or extirpation, and is therefore a candidate for detailed risk assessment.  
 Sensitive: Any species that is not at risk of extinction or extirpation but may require special attention or protection to prevent it from becoming at risk.  
4. Global (G) ranks are based on species status world-wide and follow a system parallel to that for Provincial Ranks (Note 1), ranging from 1 (5 or fewer occurrences) to 5 (demonstrably secure under 

present conditions).  Only Global Ranks of concern (G1 to G3) or questionable ranks are displayed, range ranks (G#G#) which include a G1 to G3 ranking will also be included (e.g., G3G4) 
(NatureServe 2011b).  

5. Species at Risk Act (SARA). The Act establishes Schedule 1 as the list of species to be protected on all federal lands in Canada. The Act also applies to all lands in Canada for Schedule 1 bird 
species cited in the Migratory Birds Convention Act and Schedule 1 aquatic species as determined by Fisheries and Oceans Canada.  

 Endangered: a species that is facing imminent extirpation or extinction.  
 Threatened: a species that is likely to become an endangered species if nothing is done to reverse the factors leading to its extirpation or extinction.  
 Special Concern: A species that is particularly sensitive to human activities or natural events, but is not an endangered or threatened species.  
6. Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2012).  Species listed as 'Extirpated', 'Not at Risk' or 'Data Deficient' were generally not included in the table without other 

noteworthy factors being present.  
 Endangered: A species facing imminent extirpation or extinction.  
 Threatened: A species likely to become endangered if limiting factors are not reversed.  
 Special Concern: A species that is particularly sensitive to human activities or natural events, but is not an endangered or threatened species.  
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2B.0 WILDLIFE BASELINE REPORT 

2B.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is proposing an in-situ steam assisted gravity drainage (SAGD) 
bitumen recovery project. The Blackrod Commercial SAGD Project (the Project) is located on Crown land 
east of the Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km 
northwest of the Hamlet of Wandering River, Alberta. The Project is expected to be developed in three 
phases over an estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of 
crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 
80,000 bbl/d. The proposed development will have a central processing facility (CPF) and is expected to 
have up to 69 well pads over the life of the Project. The Project is accessible from Highway 63 using an 
existing access road. 

To support the Environmental Impact Assessment (EIA) for the Project, baseline studies were conducted. 
This Wildlife Baseline Report presents the methods and results of a desktop/literature review and the 
wildlife baseline field surveys conducted in 2010 and 2011. 

The specific requirements for the assessment of wildlife resources are provided in Section 3.7 of the final 
Project Terms of Reference (TOR) and summarized in Section 2.2 of the Wildlife Assessment (Volume 4). 

2B.1.1 Study Objectives 

The purpose of the desktop/literature review and baseline field surveys was to document baseline 
conditions of wildlife habitat and species in the Wildlife Local Study Area (LSA) to inform the assessment 
of potential effects on wildlife and support the development of appropriate mitigation strategies that will 
avoid or reduce potential impacts on wildlife and wildlife habitat. Objectives of the wildlife baseline study 
were to: 

• determine wildlife presence, relative abundance and distribution within the LSA, including wildlife 
species with special conservation status; 

• identify species-specific habitat use within the LSA; and 

• identify site-specific habitats important to wildlife within the LSA. 

The purpose of Aboriginal participation during the wildlife field surveys was to document the Traditional 
Ecological Knowledge (TEK) that has accumulated over generations and been passed down to Elders to 
inform the baseline environmental conditions and to identify potential opportunities for mitigation. The 
overall objectives of Aboriginal participation were to: 

• document Aboriginal TEK shared during the field work; 

• provide TEK input into Project development; 

• determine baseline environmental and socio-economic conditions informed by TEK; and 

• identify potential mitigation opportunities.  

This report describes the methods and results of the desktop/literature review, wildlife field work and TEK 
studies that were used in project planning to identify and mitigate potential effects of the Project on 
wildlife and wildlife habitat.  
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2B.2 Methods 

2B.2.1 Study Area Boundaries 

The spatial boundaries considered for the Wildlife Assessment include the:  

• Project Area, which is the area directly disturbed by Project activities (Figure 2B-1); 

• LSA, which encompasses the Project Area and extends beyond it to include the surrounding area 
where there is a reasonable potential for Project-specific effects to occur, including sensory effects, 
zones of influence and changes in habitat quality or effectiveness. The LSA varies with the wildlife 
indicator being evaluated, based on factors relevant to the indicator species (e.g., documented zones 
of influence or sensitivity to human disturbance, species mobility, seasonal movements, home range 
sizes). One of two LSA boundaries (either 1,000 m or 300 m buffer around the Project Area) was 
selected for each wildlife indicator (Figure 2B-1);  

• Wildlife Regional Study Area (RSA) (Figure 2B-2), which encompasses the Project Area, LSA and the 
broader surrounding area where there is potential for cumulative and/or wider-spread Project effects; 
and  

• Caribou RSA (CRSA) (Figure 2B-3), which is delineated to include the Wandering and Agnes caribou 
ranges. Regional effects on woodland caribou were assessed at the scale of the Wandering and 
Agnes caribou herd ranges, which is the spatial scale at which caribou management occurs. Refer to 
the Wildlife Assessment (Volume 4, Section 2.3.2) for further description of the RSA boundary 
delineation rationale. 

2B.2.2 Desktop/Literature Review 

Several information sources were consulted prior to field work and used in the preparation of this report, 
including, but not limited to, the following: 

• Alberta Sustainable Resource Development (ASRD) Fisheries and Wildlife Management Information 
System (FWMIS) wildlife occurrence data (ASRD 2011b); 

• Alberta Biodiversity Monitoring Institute survey data (ABMI 2012); 

• provincial wildlife mapping (Government of Alberta 2010); 

• Environmentally Significant Areas (Alberta Tourism, Parks and Recreation [ATPR] 2009) and Parks 
and Protected Areas (ATPR 2010); 

• Important Bird Areas (BirdLife International et al. 2010, Canadian Wildlife Service [CWS] 2011, 
Western Hemisphere Shorebird Reserve Network [WHSRN] 2011 and Wetlands International 2007); 

• National Wildlife Areas (Environment Canada 2010) and World Biosphere Reserves (United Nations 
Educational, Scientific and Cultural Organization [UNESCO] 2011); 

• previously completed survey data and information for the surrounding area (i.e., Alberta Caribou 
Committee [ACC] telemetry data, other EIAs); and 

• consultation with ASRD (see Public Consultation and Aboriginal Engagement Program in Volume 1, 
Section 2.0). 

Other baseline studies conducted for the Project that provide useful information on the biophysical 
environment encountered within the RSA were also reviewed and relevant elements were incorporated 
into this report. 
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2B.2.3 Habitat Classification 

Wildlife habitat associations were evaluated using Ecological Land Classification (ELC) mapping of the 
1 km LSA. ELC mapping is based on the ecosite phases described by Beckingham and Archibald (1996), 
modified to include additional categories for disturbed vegetation communities (e.g., cutblocks, burns), 
and vegetation communities for which no corresponding ecosite phase exists (i.e., shrubby wetlands, 
meadow). Throughout this report, these ecosite phases and other vegetation communities together are 
referred to as ELCs. Due to the large number of vegetation communities in the LSA, they were grouped 
into broad habitat types based on general habitat properties (e.g., dominant vegetation, moisture regime 
and disturbance level) in order to ease description of field survey results for some species groups. This 
permitted a more robust and informative analyses by increasing the sample size within broad habitat type 
categories. For most analyses, vegetation communities were not further divided by structural stage or age 
for several reasons: 1) young forest was already adequately captured by disturbance classes 
(e.g., cutblocks, regenerating cutblocks, regenerating burns); 2) age is a factor determining forest cover 
and will, therefore, already be captured within vegetation communities; and 3) further dividing habitat 
categories reduces sample size and makes analyses uninformative. ELCs and broad habitat types are 
summarized in Section 2B.3.1. Details regarding vegetation classifications can be found in the Vegetation 
Baseline Report (Volume 4, Appendix 1A). 

2B.2.4 Species with Special Conservation Status 

Wildlife species with special conservation status were defined to include those listed: 

a) as At Risk, May Be At Risk and Sensitive in The Status of Alberta Species (ASRD 2011c); 

b) under the Alberta Wildlife Act as Endangered, Threatened or Special Concern; 

c) under Schedule 1 of the federal Species At Risk Act; or 

d) as being ‘at risk’ (i.e., species designated Endangered, Threatened or Special Concern) by the 
Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2012a). 

Wildlife species with special conservation status that have the potential to occur within the RSA were 
identified based on species that potentially occur in the Central Mixedwood and Lower Boreal Highlands 
Subregions of the Boreal Forest Natural Region (Natural Regions Committee 2006). The list of identified 
species was reviewed and further refined based on species range, species habitat requirements, 
consultation with provincial regulators (Volume 1, Section 2.0), professional knowledge and the results of 
baseline field surveys. 

2B.2.5 Collection of Traditional Ecological Knowledge 

BlackPearl continues to facilitate the TEK program with potentially-affected Aboriginal communities for the 
Project. The TEK program focuses on Aboriginal communities' experiential knowledge of the land. TEK 
was gathered and recorded during the wildlife field surveys from July 4 to 10, 2011 with members of Fort 
McMurray First Nation.  

During the 2011 biophysical field programs, TEK facilitators accompanied the participants to: discuss the 
Project and its potential effects on resources; collect and synthesize information related to TEK; and to 
ensure proprietary information was kept in confidence. Mitigation measures to reduce any potential 
Project-related effects on a resource were also discussed during the biophysical field programs. This 
information was recorded as spoken and reviewed at the end of each field day with the participants to 
ensure the information was accurately documented. Open discussions occurred regularly between 
participants and the discipline crew leads regarding the resources present and available to Aboriginal 
communities. These discussions were an important method to help build relationships among the field 
crew. Aspects of the environment that were important to Aboriginal participants and the importance of the 
resource from a western science perspective were also discussed. 
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TEK relevant to wildlife resources that was collected during biophysical field programs for the Project has 
been incorporated into this report. More information on the collection and results of TEK is described in 
the Traditional Ecological Knowledge and Land Use Assessment (Volume 5, Section 3.0). 
Recommendations, including mitigation, are incorporated in the Wildlife Assessment (Volume 4, 
Section 2.0). 

2B.2.6 Field Surveys 

Baseline field surveys were undertaken to collect information on wildlife distribution and habitat use within 
the LSA. Data collected during field surveys was used to evaluate the Project’s effect on wildlife and 
wildlife habitat. All wildlife observations, evidence of wildlife use and wildlife habitat features were 
recorded during the field surveys. A summary of wildlife baseline field surveys conducted for the Project 
are listed in Table 2B-1. All surveys were conducted under the appropriate Wildlife Research Permits and 
Collection Licences (Attachment 2B1). 

Preliminary wildlife field surveys were conducted in 2010 to collect information on species presence, 
distribution and habitat use within the LSA. Passive wildlife surveys were conducted in conjunction with 
systematic surveys from June 23 to July 5, 2010 to record opportunistic observations of wildlife species 
and their sign (e.g., track, scat/pellets, foraging evidence). A more extensive series of baseline field 
surveys were completed during 2011, which were designed to cover accessible portions of the 1 km LSA 
and, where appropriate, select areas of the RSA. 

Some baseline field survey sites were outside the LSA due to changes in the Project Area after the 
surveys were completed. These survey sites were within the RSA. Since habitat is generally similar in the 
areas of the RSA adjacent to the LSA, the results of all baseline field surveys were included in the results 
where appropriate. Wildlife observations that only occurred outside the LSA were identified as such. Most 
analyses of wildlife habitat were restricted to the 1 km LSA since ELC mapping is most accurate within 
this area. 

TABLE 2B-1 
 

WILDLIFE BASELINE FIELD SURVEYS 2010 - 2011 

Survey Date Total Survey Effort Figure 
MAMMALS 
Aerial ungulate survey March 4, 2011 Approximately 185.6 km² surveyed 

463.5 km total transect length 
Survey intensity of approximately 1.9 min/km² 

2B-4 

Winter track count March 5 to 9, 2011 46 linear transects with a total transect length of 21.35 km 2B-5 
Aerial beaver survey June 23 to 25, 2010 3 days of aerial surveys in 2010; incidental observations 

reported during 2011 aerial ungulate survey 
--- 

Bat mist netting July 28 to August 4, 2011 6-7 mist nets at 7 stations 
141.9 total mist net hours 

2B-6 

Bat acoustic survey July 27 to August 4, 2011 24 stations 
173.4 total detector hours 

2B-6 

BIRDS 
Nocturnal owl call playback April 4 to 7, 2011 

April 18 to 21, 2011 
67 broadcasts over 38 broadcast stations 2B-7 

Breeding bird point counts June 29 to July 5, 2010 33 point count stations 2B-8 
June 9 to 17, 2011 and 
July 7, 2011 

88 point count stations 

Diurnal forest raptor call playback June 9 to 17, 2011 and 
July 7, 2011 

57 broadcast stations 2B-9 

Waterbird survey June 26 to July 1, 2010 3 observation stations at 3 waterbodies 2B-10 
July 6 to 10, 2011 16 observation stations at 16 waterbodies 

Nocturnal rail call playback May 25 to 31, 2011 
June 14 to 17, 2011 

28 broadcasts over 18 broadcast stations 2B-11 

AMPHIBIANS 
Amphibian nocturnal call playback May 24 to 31, 2011 73 broadcast stations 2B-12 
Amphibian diurnal ground survey July 6 to 10, 2011 9 wetland stations + incidental searches 
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2B.2.6.1 Ungulate Aerial Surveys 

An aerial survey was conducted on March 4, 2011 to collect data on species presence, relative 
abundance, age/gender characteristics, habitat use by ELC, and distribution patterns of ungulates and 
other wildlife. Fixed-width (strip) transects were flown, based on the relative abundance method in Aerial-
based Inventory Methods for Selected Ungulates: Bison, Mountain Goat, Mountain Sheep, Moose, Elk, 
Deer and Caribou (BC Ministry of Sustainable Resource Management [BC MSRM] 2002) and 
recommended methods by Gasaway et al. (1986). 

The survey encompassed the 1 km LSA and adjacent surrounding areas, including portions of the 
Wandering and Agnes caribou ranges and the Key Wildlife and Biodiversity Zone along the Athabasca 
River (Figure 2B-4). Parallel east-west transects were established approximately 400 m apart, which 
would represent 100% coverage of the study area based on visibility of 200 m on both sides of the 
helicopter. Moose densities were higher than expected in the north half of the study area, which required 
more time to survey than originally estimated. In order to complete the proposed survey area, the 
coverage was reduced to 50% in the south half by surveying transects 800 m apart. 

Transects were flown at an airspeed of 100-120 km/hr using predetermined UTM coordinates. The survey 
was conducted during favourable weather conditions (i.e., recent snowfall with 100% snow cover, good 
visibility, low winds). Three observers and the pilot searched for wildlife. Locations of wildlife or sign 
observed were recorded using a GPS. The species, number of animals, age and gender of individuals 
(e.g., adult male, adult female, yearling male, yearling female, calf) and the associated habitat community 
were also recorded where possible. Animals for which age/gender could not be classified with certainty 
were recorded as unclassified. All wildlife observed within the fixed transect width were recorded, 
including incidental observations of habitat features (e.g., stick nests, beaver lodges) and non-target 
wildlife species (e.g., birds, snowshoe hare). Wildlife or their sign encountered outside the fixed width 
transects (e.g., at turns at the ends of each transect) were also recorded as incidental observations. 

A sightability correction factor (SCF) of 1.12 was used in density estimates to address the probable 
underestimate of animal abundance inherent in aerial surveys (Gasaway et al. 1986). Several factors 
were considered when determining the SCF, including: 1) the experience of the flight crews; 2) weather 
conditions; 3) forest composition and canopy closure (e.g., mixedwood forests, young cutblocks, shrubby 
wetlands, open black spruce and tamarack stands allow good visibility, while visibility was lower in mature 
conifer stands and transitions from disturbed areas to mature stands); and 4) survey timing (i.e., moose 
tend to occur in smaller groups and use areas with taller, denser canopies in late winter [Gasaway et al. 
1986]). 

2B.2.6.2 Winter Track Survey 

The objectives of the winter track survey were to collect data on presence, relative abundance of species 
or species groups, diversity and relative habitat use of ungulates (i.e., moose, caribou, elk, deer), 
furbearers (i.e., mustelids, canids, lynx), small mammals (i.e., snowshoe hare, red squirrels, voles and 
mice) and upland game birds (i.e., grouse). There were a total of 46 transect lines within or near the 1 km 
LSA, which were distributed among 17 ELC types (Table 2B-2, Figure 2B-5). Tracking surveys were 
completed from March 5 to 9, 2011. In total, there were 21.4 km of transects and 99.1 km-days of track 
data collected. 

Linear transect surveys were conducted using the protocol outlined in BC Resources Inventory 
Committee (RIC) standards (BC Ministry of Environment Lands and Parks [MELP] 1999b, BC Ministry of 
Environment [MOE] 2006) and methods recommended by ABMI (2010). Transect locations were selected 
based on a combination of the Alberta Vegetation Inventory (AVI) and the ELC ecosite phase mapping of 
the LSA. Effort was made to locate transects within a single ELC type where feasible; however, this was 
not practical for all transects. Transects were distributed across ELCs in approximate proportion to their 
occurrence in the 1 km LSA. 
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Each track transect was approximately 500 m in length, where feasible, and was divided into 25 m 
intervals. Track counts were conducted at least one full day after snowfall to allow for track accumulation. 
The number of days after snowfall was recorded for later standardization of the data. Information 
recorded for each transect included the date, start/end time, weather/snow conditions, site number/GPS 
location and the date/time of the last snowfall. Within each 25 m interval, primary and secondary habitat 
types, vegetation structural stage and all wildlife track observations that crossed the transect were 
recorded. Three snow depth measurements were recorded at 100 m intervals along the transects. Any 
incidental species observations (seen/heard) were also recorded. 

The exact number of individual tracks cannot be determined for snowshoe hare and red squirrel ‘runs’; 
therefore, a conversion factor of five tracks per run is applied to snowshoe hare runs and three tracks per 
red squirrel run to reflect the increased usage of a habitat type. Species with similar tracks that cannot be 
differentiated are identified to ‘group’ (i.e., deer, grouse and mouse/vole). 

TABLE 2B-2 
 

SUMMARY OF WINTER TRACK TRANSECTS WITHIN OR NEAR THE LSA1 

ELC Description 
Number of Transects 

within ELC 
Distance 

Sampled (km) 
Percent of Distance 

Sampled (%) ELC Percent of LSA (%) 
d1 low-bush cranberry Aw 4 2.00 9.4 8.0 
d2 low-bush cranberry Aw-Sw 2 0.63 2.9 3.7 
d3 low-bush cranberry Sw 2 0.95 4.4 2.5 
e2 dogwood Pb-Sw 3 1.38 6.4 4.9 
e3 dogwood Sw 3 1.50 7.0 3.9 
f1 horsetail Pb-Aw 1 0.50 2.3 0.5 
f3 horsetail Sw 1 0.50 2.3 1.7 
g1 Labrador tea-subhygric Sb-Pj 4 1.38 6.4 6.4 
h1 Labrador tea/horsetail Sw-Sb 2 0.33 1.5 6.6 
i1 treed bog 3 1.50 7.0 5.1 
j1 treed poor fen 5 2.30 10.8 7.7 
k1 treed rich fen 2 1.00 4.7 3.1 
k2 shrubby rich fen 1 0.50 2.3 0.2 
Shrubby Wetland shrubby wetland 1 0.08 0.4 3.9 
Burn regenerating burn (i1 or j1) 5 2.25 10.5 1.7 
Cutblock cutblock, 0-10 years 2 1.00 4.7 10.9 
Regenerating Cutblock cutblock, 11-30 years 9 3.57 16.7 17.3 
All sites  46(2) 21.35 100.0 88.0 
Notes: 1 Based on the 1 km LSA. 
 2 Some transects crossed multiple vegetation communities; the total number of transects (46) will not equal the column total. 
 
The results of tracking surveys are reported as mean track density and species richness by ELC. A 
standard index of abundance (i.e., density measured as tracks/km-day) was calculated for each species 
where: 

Tracks/km-day = 
total number of tracks

∑ transect lengths in km days since last snowfall
 

Species richness was determined as the average number of species or species groups recorded per 
25 m track segment. Further details on species richness measures are provided in Section 2B.2.7. 
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2B.2.6.3 Beaver Observations 

An aerial beaver survey was conducted in 2010 to obtain information on beaver presence, distribution 
and habitat use. Beavers were of particular interest for the Project due to their importance for creating 
wetland habitat and as a traditionally used species. Select portions of the RSA were surveyed using a 
helicopter from June 23 to 25, 2010. Additional coverage was provided in conjunction with the ungulate 
aerial surveys on March 4, 2011. 

All open water wetlands, creeks and other suitable aquatic habitats in the survey area were investigated 
for evidence of beavers during the 2010 beaver survey. Surveys were conducted during favourable 
weather conditions (i.e., good visibility and low to moderate winds), at a speed of 80-100 km/h and 
approximately 100 m above the ground. All beaver signs (i.e., individuals, dams, lodges, food caches) 
and their GPS locations were recorded during the aerial survey. 

In addition to the 2010 beaver survey, all beaver structures and signs (i.e., lodges, dams, tracks) 
observed incidentally during other wildlife field surveys in 2010 and 2011 were also documented. In 
particular, beaver observations were recorded during the aerial ungulate survey, which included coverage 
of the entire 1 km LSA (see Section 2.5.1). The date, time, habitat type and GPS locations were recorded 
for each observation, as well as the approximate age, dimensions and current status 
(active/inactive/unknown) of all dams and lodges that were identified. 

2B.2.6.4 Bat Survey 

Bats were surveyed using a combination of ultrasound detection and capture with mist nets. The 
objectives of the bat surveys were to determine species occurrence, habitat associations and to quantify 
the relative use of different habitat types within the survey area. Survey protocols followed guidelines 
outlined in the Handbook of Inventory Methods and Standard Protocols for Surveying Bats in Alberta 
(Vonhof 2005) and the Alberta Wildlife Animal Care Committee Class Protocol #004 (Bat Capture, 
Handling and Release) and addendum (Alberta Bat Handling Protocol to Prevent Spread of White-Nose 
Syndrome). 

Bat activity was measured using passive echolocation recording stations. This method is commonly used 
to survey bat activity and has a greater probability of detecting certain species, especially those that 
forage in the open, than direct capture using mist nets. Bats were also captured using mist nets to confirm 
species identification and determine gender, age, health and reproductive condition.  

Bat surveys were conducted from July 27 to August 4, 2011. Surveys were timed for the end of July/early 
August since this approximately coincides with the time of fledging, and capture success was anticipated 
to be high. In addition, both resident bats and migrating bats could potentially be captured at this time of 
year, providing the best indication of the species that use habitat within the study area. An earlier survey 
(i.e., spring) was not conducted since capture success is generally low this time of year and the same 
species were likely to occur later in the summer. 

Mist Net Survey 
Bats were captured over seven nights at different locations within the 1 km LSA (Figure 2B-6) in areas 
where bats were likely to concentrate and where mist nets were likely to be effective (i.e., areas that 
funnel bats). Each location contained 6-7 nets placed within walking distance of each other and in areas 
anticipated to have high bat activity. Most nets were placed along cut-lines, with preference given to 
areas adjacent to mature/old forest, standing water, or openings that would likely be used by foraging 
bats. Mist nets were placed using a variety of configurations, net-lengths (6 m, 9 m, 18 m) and heights (up 
to 6 m). Monofilament nets, containing smaller net fibres, were used at some locations to improve capture 
success. Netting occurred for approximately four hours per night, resulting in 141.9 mist net hours (one 
net-hour is equivalent to one 12 m net open for one hour).  

Nets were checked on foot every 10-15 minutes to reduce the potential of bats escaping or becoming 
injured. Each captured bat was immediately measured upon extracting from the net, and species, gender 
and reproductive condition were determined by a bat expert. Netting began around sunset and continued 
for approximately 4 hours, ending around 0200 hours, provided bats were still active.  
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Acoustic Survey 
The echolocation calls of bats were recorded over 8 nights from July 27 to August 4, 2011. Three 
detectors were deployed at different locations each night for a total of 24 locations (Figure 2B-6). Survey 
locations were stratified based on broad habitat types that occur within the 1 km LSA. This was done to 
assess the relative use of habitat within the 1 km LSA by bats and to account for potential differences in 
habitat preferences among or within species. Survey locations were selected to ensure: 1) appropriate 
representation of the study area, including appropriate spatial variation and coverage of major habitat 
types; and 2) that habitat types known to have high bat activity (i.e., wetlands) were appropriately 
surveyed. Sites selected for acoustic monitoring included wetlands (2 beaver ponds; 2 watercourses), 
mature upland forest (7), regenerating cutblocks or burns (8), and forested lowland bogs or fens (5). All 
survey locations were along seismic lines or forest edges since these may potentially be used by all bat 
species as foraging areas or commuting routes. 

Detectors (2 x Anabat SD2 and 1 x Anabat II + CF ZCaim; Titley Scientific, Columbia MO) were set in 
place before sunset and operated continuously from sunset to sunrise. Detectors were placed on tripods, 
directed perpendicular to the forest edge and angled at 45° above horizontal. Individual units were 
alternated between habitat types to account for possible differences in detectors. In total, there was 
173.4 detector hours spread among 24 detector sites for the ultrasound survey (counting only operational 
hours from sunset to sunrise). 

Data Analysis 
Recorded bat vocalizations were analyzed following survey completion based on visual inspection and, if 
necessary, call measurements using Analook for Windows Version 3.7w. Calls were identified to species 
or species group based on the properties of the bat calls, including frequency, duration, time between 
calls and call shape (Coleman 2010, O’Farrell et al. 1999). Of the six species of bats that may occur in 
the 1 km LSA, there are four groups that could have been reliably distinguished using call analysis 
(Kalcounis et al. 1999, Coleman 2010). These included hoary bats, eastern red bats, silver-haired 
bats/big brown bats and myotis bats (including little brown myotis and northern myotis). Myotis species 
and the silver-haired bat/big brown bat group were not separated using call analysis since they have 
similar call characteristics and greater resolution call identification would introduce a large degree of error, 
especially given variation in call properties that may result from different flight conditions and feeding 
behaviour (Barclay 1999).  

Bat activity is reported as passes/night, which is the number of passes that were recorded divided by the 
number of hours surveyed between sunset and sunrise. A pass was defined as a sequence of >2 calls 
separated by no more than 1-second (or 2-seconds for hoary bats) (Coleman 2010). Bat passes that 
were obviously bats, but could not be identified to species, were placed into an ‘unknown’ category. Bat 
passes may contain up to three different call types. The ‘search phase’ is characterised by a series of 
longer calls with greater duration between calls and are used while commuting or searching for food. The 
‘approach phase’ consists of a series of quicker calls and indicates detection of an object. The ‘terminal 
feeding buzz’ is a series of very rapid calls and generally indicates a feeding attempt. Feeding buzzes 
were distinguished from other call types since they indicate the area is being used for foraging rather than 
just commuting. The number of passes containing feeding buzzes was calculated as an indication of 
foraging intensity and reported as buzzes/hour. Surveys using echolocation detectors cannot differentiate 
the same bat making multiple passes from multiple unique bats making single passes. As such, activity 
rates (passes/hour; buzzes/hour) are not a direct measure of the number of bats in an area, but rather a 
measure of the intensity in which an area is used by bats. 
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2B.2.6.5 Nocturnal Owl Surveys 

Two owl surveys were conducted in 2011 to obtain information on owl presence and distribution within the 
1 km LSA. Both an early and late survey was completed to account for variation in peak calling periods 
for different owl species. The early survey was conducted from April 4 to 7, 2011 and the second, late 
survey, was conducted from April 18 to 21, 2011. Survey methods were adapted from the protocols in 
Guidelines for Nocturnal Owl Monitoring in North America (Takats et al. 2001) and the Alberta Wildlife 
Animal Care Committee Class Protocol #006 (ASRD 2005). The survey stations were located along 
access routes within the 1 km LSA, and were generally established with a minimum spacing of 1.6 km to 
allow for an 800 m broadcast range and to reduce the number of individual owls detected at multiple 
survey sites (Figure 2B-7). 

During the early survey, 22 stations were sampled within the 1 km LSA using owl-call playback. An 
additional 10 surveys were conducted during the early survey at sites outside the 1 km LSA (by up to 
1.1 km), with 9 of these including a portion of the LSA in the 800 m detection radius. During the late 
survey, 23 stations were sampled within the LSA. An additional 12 surveys were conducted during the 
second survey at sites outside the LSA (by up to 1.1 km), with 11 of these including the LSA within their 
detection radius. Most survey stations were sampled during both the early and late survey. However, 
three survey stations during the first survey and six stations during the second survey were sampled only 
during the one survey. Over both surveys, a total of 67 broadcast surveys were conducted over 38 survey 
stations (26 within the LSA and 12 outside the LSA). 

Stations were located in 28 vegetation communities throughout the LSA. Survey coverage within the LSA 
is summarized in Table 2B-3; any area of the LSA that is within the 800 m detection radius of any 
broadcast station was included in the coverage. With this methodology 4,735 ha (56%) of the LSA was 
sampled during the early survey and 5,128 ha (61%) was sampled during the second survey. In total, 
approximately 5,244 ha (62%) of the LSA was sampled at least once during 2011. 

Sites were surveyed from approximately one-half hour after sunset until midnight, when peak owl call 
rates occur. Each site was surveyed for a total of 14 minutes. Following an initial 2 minute quiet period 
after arrival at the survey site, 20 seconds of vocalizations for each species were broadcast, separated by 
a 1 minute listening period between species. The vocalization sequence was broadcast in ascending 
order of owl size (i.e., from smallest to largest owl) since larger owls prey upon smaller owls. Therefore, if 
larger owl calls were played first, it could cause smaller owl species to remain silent and not be detected 
(BC Ministry of Sustainable Resource Management [BC MSRM] 2001). Owl vocalizations were broadcast 
in the following order: 1) northern saw-whet owl; 2) boreal owl; 3) long-eared owl; 4) great grey owl; and 
5) barred owl. A 3 minute listening period followed the final broadcast. Since owls, including the great 
horned owl, are known to respond to other owl species calls, it was not necessary to broadcast all 
species that may occur in the area (BC MSRM 2001, Takats-Priestly pers. comm.). Calls were broadcast 
using a FOXPRO Spitfire game caller (FOXPRO Inc., Lewistown, Pennsylvania) (FOXPRO game caller). 
Owl vocalizations were provided by the Alberta Owl Monitoring Program (Beaverhill Bird Observatory 
2011). 

The locations of all calling owls were estimated using a compass bearing and a subjective distance from 
the survey station. Where practical, a second bearing was recorded away from the original station in 
order to more accurately determine the calling owl’s location by triangulation. Despite efforts to obtain 
accurate owl locations, there is inherent error associated with the habitat associations for observed owls 
since locations are based on approximated distances and owls tend to move towards the broadcast in 
response. Additional information recorded at each station included the date, time, weather conditions, 
moon phase, noise level, site number/GPS location and number of each species observed. 

 
  



BlackPearl Resources Inc.  Wildlife Baseline Report 
BlackRod Commercial SAGD Project  Volume 4 - Appendix 2B 

 

 
   

Page 2B-19 
 
 

TABLE 2B-3 
 

NOCTURNAL OWL SURVEY COVERAGE BY HABITAT TYPE WITHIN THE 1 km LSA 

Habitat Type ELC Description 

Early Survey Late Survey All Stations 

Area (ha) 
Percent 

(%)1 
Area 
(ha) 

Percent 
(%)1 

Area 
(ha) 

Percent 
(%)1 

Deciduous 
Forest 

d1 low-bush cranberry Aw 432.5 9.1 427.2 8.3 436.7 8.3 
e1 dogwood Pb-Aw 129.3 2.7 129.4 2.5 129.4 2.5 
f1 horsetail Pb-Aw 31.6 0.7 32.9 0.6 32.9 0.6 

Mixedwood 
Forest 

b3 blueberry Aw-Sw 3.5 0.1 3.5 0.1 3.5 0.1 
d2 low-bush cranberry Aw-Sw 172.3 3.6 180.7 3.5 180.7 3.4 
e2 dogwood Pb-Sw 211.2 4.5 219.2 4.3 219.2 4.2 
f2 horsetail Pb-Sw 39.9 0.8 42.0 0.8 42.0 0.8 

Coniferous 
Forest 

c1 labrador tea-mesic Pj-Sb 3.0 0.1 6.1 0.1 6.1 0.1 
d3 low-bush cranberry Sw 102.2 2.2 124.2 2.4 124.2 2.4 
e3 dogwood Sw 197.1 4.2 213.8 4.2 213.8 4.1 
f3 horsetail Sw 76.2 1.6 76.5 1.5 76.5 1.5 
g1 Labrador tea-subhygric Sb-Pj 276.9 5.8 361.5 7.1 372.3 7.1 
h1 Labrador tea/horsetail Sw-Sb 241.5 5.1 309.9 6.0 328.9 6.3 

Bog i1 treed bog 289.7 6.1 346.7 6.8 353.6 6.7 
i2 shrubby bog 34.7 0.7 41.3 0.8 42.2 0.8 

Fen j1 treed poor fen 345.5 7.3 391.8 7.6 406.7 7.8 
j2 shrubby poor fen 14.1 0.3 13.4 0.3 14.1 0.3 
k1 treed rich fen 130.5 2.8 133.9 2.6 137.7 2.6 
k2 shrubby rich fen 14.3 0.3 14.3 0.3 14.3 0.3 

Open Wetland k3 graminoid rich fen 18.9 0.4 24.1 0.5 24.1 0.5 
l1 marsh 5.1 0.1 6.0 0.1 6.0 0.1 
shrubby wetland shrubby wetland 208.3 4.4 222.8 4.3 223.2 4.3 

Meadow meadow open grassland 1.8 0.0 1.8 0.0 1.8 0.0 
Disturbed anthropogenic cleared land 356.1 7.5 356.1 6.9 366.8 7.0 

regenerating burn regenerating burn 142.7 3.0 142.7 2.8 142.7 2.7 
cutblock cutblock, 0-10 years 531.7 11.2 568.5 11.1 574.2 10.9 
regenerating cutblock cutblock, 11-30 years 724.7 15.3 737.5 14.4 770.5 14.7 

Total 4,735.3 100.0 5,127.7 100.0 5,244.0 100.0 

Note: 1 Percent refers to the percent of the surveyed area that the ELC represents. Survey coverage assumes an 800 m detection radius at each 
detector station. Only includes the portion of detection radii that lie within the 1 km LSA. Overlapping detection radii are counted only once. 
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2B.2.6.6 Breeding Bird Surveys 

Breeding bird surveys were conducted in 2010 and 2011 to obtain information on the relative densities, 
diversity and richness by habitat type of songbirds within the survey area. Songbirds are defined here to 
include both the orders Passeriformes (including true “songbirds”) and Piciformes (woodpeckers). These 
groups were the focus of analyses since they have territorial calls and are reasonably likely to be 
detected within the 50 m survey area. Other bird species, mammals and amphibians were recorded to 
provide information on species occurrence and general habitat associations. Breeding bird surveys were 
conducted at 33 point count locations from June 29 to July 5, 2010, and at 88 point count locations from 
June 9 to 17, 2011 and on July 7, 2011 (Figure 2B-8). Of the 121 point count sites surveyed in 2010 and 
2011, 4 were outside the 1km LSA by up to 321 m. These stations were included in habitat association 
analyses since habitat was similar in these areas. The combined 2010 and 2011 breeding bird survey 
stations represents a total survey area, excluding overlapping survey stations, of 91.9 ha (based on a 
50 m detection radius), of which 89 ha are within the LSA (1% of the LSA) (Table 2B-4). 

Modified point count surveys were based on the North America Breeding Bird Survey (Environment 
Canada 2011a) and the fixed-radius protocols in Inventory Methods for Forest and Grassland Songbirds 
(BC MELP 1999a) and Bibby et al. (2000). Point count survey locations were established within a single 
ELC and were distributed over the survey area to obtain samples representative of the proportion of 
vegetation types. The point count surveys sampled 20 of the 27 ELCs within the 1 km LSA. 

Surveys were conducted from approximately one-half hour before sunrise and continued for no longer 
than 4 to 5 hours, when peak songbird call rates occur (Bibby et al. 2000, Canadian Wildlife Service 
[CWS] 2007). Surveys were conducted during favourable weather conditions (i.e., wind below 20 km/hr, 
temperatures above 6°C and minimal precipitation). Following a 2 minute quiet period, all auditory and 
visual observations of songbirds within a 50 m radius of the point count site were recorded over a 
5 minute (2010) to 10 minute (2011) period. Although the survey focused on songbirds, information on all 
bird species detected during the survey was recorded. Information recorded at each site included the 
number of each species seen or heard, age/gender (where possible), relevant behaviors of birds (e.g., 
singing, flyovers), date, time, weather conditions, site number/GPS location and habitat description in the 
immediate vicinity of the point count. Birds greater than 50 m from the point count centre, flying over, or 
detected before or after the census period were recorded as incidental observations. 

The data collected during the 2010 and 2011 breeding bird surveys were compiled and analyzed for 
songbird species density, richness and diversity. Species density was determined within each 
represented ELC based on the number of territories per 40 ha. The number of breeding territories was 
based on the greater of: 1) the number of singing males; and 2) half the sum of the number of singing 
males and ‘all other (non-incidental) observations’ (DeSante 1981). The number of breeding territories is 
commonly based on the number of singing males, since they are easier to detect and indicate breeding 
activity. The inclusion of ‘all other observations’ is consistent with other studies and ensures that 
important observations, or species where singing males cannot be identified (e.g., chickadees, 
nuthatches), are not excluded from the results. Songbird biodiversity was assessed using species 
richness and the exponent of the Shannon-Weaver Index (Section 2B.2.7). Species richness was 
calculated as the total number of species that were detected in an ELC (as non-incidentals) during the 
breeding bird surveys. Since total richness is biased by unequal sample size (i.e. more sampling effort will 
tend to increase richness), average species richness per point count station is also reported. Some 
vegetation communities were represented by low sample sizes due to limited availability within the survey 
area, which should be considered when interpreting the results. 
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TABLE 2B-4 
 

SURVEY COVERAGE FOR THE 2010 AND 2011 BREEDING BIRD SURVEYS 

Habitat Type ELC Description 
Number of 
Stations1 

Area 
Surveyed2 

(ha) 

Percent of Total 
Area Surveyed 

(%) 

Area of ELC 
within 1 km 

LSA (ha) 

Percent of 
1 km LSA 

(%) 
Deciduous 
Forest 

d1 low-bush cranberry Aw 12 9.4 9.9 673 8.0 
e1 dogwood Pb-Aw 2 1.6 1.7 247 2.9 
f1 horsetail Pb-Aw 1 0.8 0.8 39 0.5 

Mixedwood 
Forest 

d2 low-bush cranberry Aw-Sw 13 10.2 10.7 309 3.7 
e2 dogwood Pb-Sw 12 9.4 9.9 409 4.9 
f2 horsetail Pb-Sw 1 0.8 0.8 59 0.7 

Coniferous 
Forest 

d3 low-bush cranberry Sw 5 3.9 4.1 207 2.5 
e3 dogwood Sw 9 7.1 7.4 325 3.9 
f3 horsetail Sw 4 3.1 3.3 139 1.7 
g1 Labrador tea-subhygric 

Sb-Pj 
7 5.5 5.8 537 6.4 

h1 Labrador tea/horsetail Sw-
Sb 

8 6.3 6.6 557 6.6 

Bog i1 treed bog 4 3.1 3.3 430 5.1 
i2 shrubby bog 2 1.6 1.7 71 0.8 

Fen j1 treed poor fen 8 6.3 6.6 650 7.7 
k1 treed rich fen 5 3.9 4.1 262 3.1 

Open Wetland k3 graminoid rich fen 1 0.8 0.8 44 0.5 
Shrubby Wetland shrubby wetland 5 3.9 4.1 330 3.9 

Disturbed Regenerating 
Burn 

regenerating burn 3 2.4 2.5 144 1.7 

Cutblock cutblock 0-10 years 3 2.4 2.5 919 10.9 
Regenerating 
Cutblock 

cutblock 11-30 years 16 12.6 13.2 1454 17.3 

Total - All Sites 121 95.0 100.0 7805 92.8 

Notes: 1 Includes all sites surveyed within or near the 1 km LSA. 
 2 Based on a 50 m radius survey area per site. 
 

2B.2.6.7 Forest Hawk Survey 

Forest hawk call-playback surveys were conducted to obtain information on hawk presence, distribution 
and relative densities of forest hawk species by habitat type within the 1 km LSA. Surveys occurred at 
57 stations from June 9 to 17, 2011 and on July 7, 2011 (Figure 2B-9). Based on a 400 m detection 
radius at each station, 56 stations were partly or wholly within the 1 km LSA, resulting in 2,590.6 ha (30%) 
of the LSA being surveyed (Table 2B-5). Forest hawks observed during forest hawk surveys that were 
outside the LSA are reported as incidentals. Survey methods were adapted from the protocols 
recommended by Mosher and Fuller (1996), Mosher et al. (1990) and in the Inventory Methods for 
Raptors (BC MSRM 2001). The survey stations were located along access routes and seismic lines in 
mature forest stands within the 1 km LSA and were generally established with a minimum spacing of 
800 m to reduce overlap of the 400 m broadcast coverage. Stations included coverage of the dominant 
vegetation communities or habitat types that occurred within the 1 km LSA, but emphasised areas where 
breeding forest hawks were likely to occur (Figure 2B-9). 

Stations were surveyed from day-break (0700 hr) to sunset (1900 hr), when forest hawks are most active. 
At each survey station, vocalizations of four forest hawk species (sharp-shinned hawk, Cooper’s hawk, 
northern goshawk and broad-winged hawk) and great-horned owl were broadcast over an 8 minute 
sampling period. Forest hawks are known to respond to the territorial call of the great horned owl (Mosher 
and Fuller 1996), so this species was included in the broadcast sequence. Following an initial 2 minute 
quiet period after arrival at the survey site, 20 seconds of vocalizations for each of the five species were 
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broadcast, separated by a 30 second listening period between each species. A 2 minute listening period 
followed the final broadcast. Calls were broadcast using a FOXPRO game caller. 

Each detected forest hawk was identified to species and its location was estimated using a compass 
bearing and a subjective distance from the survey station. Additional information recorded at each station 
included the date, time, weather conditions and site number/GPS location. 

TABLE 2B-5 
 

HABITAT AREA SURVEYED DURING THE 2011 FOREST HAWK SURVEY 

Habitat Type ELC Description 
Number of  
Stations1 

Area Surveyed 
(ha)2 

Percent of Area 
Surveyed (%) 

Deciduous Forest d1 low-bush cranberry Aw 32 236.8 9.3 
e1 dogwood Pb-Aw 13 27.2 1.1 
f1 horsetail Pb-Aw 5 24.7 1.0 

Mixedwood Forest b3 blueberry Aw-Sw 2 3.5 0.1 
d2 low-bush cranberry Aw-Sw 27 128.0 5.0 
e2 dogwood Pb-Sw 25 181.2 7.1 
f2 horsetail Pb-Sw 8 19.7 0.8 

Coniferous Forest c1 labrador tea-mesic Pj-Sb 3 3.2 0.1 
d3 low-bush cranberry Sw 27 115.5 4.5 
e3 dogwood Sw 30 144.2 5.7 
f3 horsetail Sw 12 46.3 1.8 
g1 Labrador tea-subhygric Sb-Pj 32 160.3 6.3 
h1 Labrador tea/horsetail Sw-Sb 34 155.7 6.1 

Bog i1 treed bog 27 108.1 4.2 
Fen j1 treed poor fen 18 149.3 5.9 

j2 shrubby poor fen 1 0.1 0.0 
k1 treed rich fen 10 36.1 1.4 
k2 shrubby rich fen 3 5.9 0.2 

Open Wetland k3 graminoid rich fen 6 11.5 0.4 
l1 marsh 4 4.2 0.2 
shrubby wetland shrubby wetland 26 121.0 4.7 

Meadow meadow open grassland 2 1.4 0.1 
Disturbed anthropogenic cleared land 55 216.6 8.5 

regenerating burn regenerating burn 7 40.0 1.6 
cutblock cutblock, 0-10 years 33 245.4 9.6 
regenerating cutblock cutblock, 11-30 years 23 364.9 14.3 

Total 2550.5 100.0 

Notes: 1 Refers to the number of survey stations that contain the ELC within the 400 m detection radius; based on a total of 56 survey stations included 
in the LSA. 

 2 Area surveyed was calculated based on a 400 m detection radius; excludes any area falling outside the 1 km LSA and excludes area already 
included in other detection radii (i.e., overlapping survey areas were counted only once). 
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2B.2.6.8 Waterbird Survey 

Waterbird surveys were completed in 2010 and 2011 to obtain information on presence, distribution and 
relative densities of waterbird species (e.g., waterfowl, shorebirds) by habitat type in the 300 m LSA. 
Waterbird surveys were conducted from June 26 to July 1, 2010 (n=3 sites) and from July 6 to 10, 2011 
(n=16 sites). Surveys were conducted at 4 sites within the 300 m LSA and 13 sites outside the LSA 
(Figure 2B-10). All four sites within the 300 m LSA were surveyed in 2011, one of which was also 
surveyed in 2010. 

The surveys were based on the recommended protocols in Inventory Methods for Waterfowl and Allied 
Species: Loons, Grebes, Swans, Geese, Ducks, American Coot and Sandhill Crane (BC MELP 1999c). 
Prior to the field surveys, ecosite and vegetation (AVI) mapping and satellite imagery interpretation were 
used to identify wetlands for potential waterbird survey sites. Additional survey locations were determined 
in the field and included selected locations along wetlands, streams and other potentially suitable habitat 
for waterbirds. Survey sites were selected to collect information for all identified habitat types capable of 
supporting waterbirds within the 300 m LSA. Additional sites outside the LSA were also surveyed to 
identify additional species that may breed within the LSA. 

At each wetland site, birds were viewed from at least one observation station along the shoreline with 
binoculars or a spotting scope. During the 2010 surveys, the wetland sites were scanned until observers 
felt confident that all birds had been counted and, therefore, each wetland was observed for different 
periods of time. During the 2011 surveys, each wetland site was searched over a 30 minute period. 
Where necessary, multiple observation stations were used to visually observe the entire wetland. 
Information recorded at each site included the date, time, weather conditions, site number/GPS location, 
number of each species detected and age/gender (if possible) of each individual bird. Although the focus 
of the study was the 300 m LSA, all waterbird species occurring outside the 300 m LSA were reported as 
incidentals.  
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2B.2.6.9 Nocturnal Rail Surveys 

Nocturnal rail surveys were conducted in addition to diurnal waterbird surveys to obtain information on rail 
presence, distribution and habitat use within the 300 m LSA. To capture variation in the timing of peak 
calling, early (May 25 to 31, 2011) and late (June 14 to 17, 2011) nocturnal rail call-playback surveys 
were conducted. A total of 12 stations were surveyed during the early survey, 4 of which were within the 
LSA (Figure 2B-11). Sixteen stations were surveyed in total during the late survey, 4 of which were within 
the LSA. Six of the stations surveyed during the late survey were new (i.e., not surveyed during the early 
survey), one of which was located within the LSA. 

Survey methods were adapted from the Canadian Wildlife Service Standardized Protocol for the Survey 
of Yellow Rails in the Prairie and Northern Region (Bazin and Baldwin 2007), and modified to include 
broadcast of sora vocalizations. Site selection was focused primarily on wetland communities dominated 
by graminoid vegetation, identified using satellite imagery and vegetation mapping. Surveyed habitats 
included large, dense grass or sedge marshes with little to no standing water, which are preferred nesting 
habitats for yellow rail (Semenchuk 1992) and wetlands with a mix of both shallow and moderately deep 
water with emergent vegetation, which are preferred habitats for sora (Federation of Alberta Naturalists 
2007). Play-back surveys were designed to cover a 200 m broadcast radius. The survey stations were 
established approximately 400 m apart to maximize coverage of the study area and reduce the possibility 
of detecting the same individual more than once (Bazin and Baldwin 2007). 

Stations were surveyed starting one hour after sunset and ending no later than one hour before sunrise, 
when yellow rails are most vocal (Bazin and Baldwin 2007). Soras are known to respond at any time of 
day and are most active at dawn and dusk (BC MELP 1998a). The rail survey was conducted during the 
Last Quarter and New Moon phases, which is considered the period with highest potential for rail 
detections (Prescott et al. 2002). At each survey station, yellow rail calls were broadcast over a 10 minute 
sampling period. Surveys began with an initial 5 minute quiet period, followed by a sequence of 
30 second call broadcast/30 second quiet listening intervals for both yellow rail and sora, and a final 
2 minute listening period. Calls were broadcast using a FOXPRO game caller. 

The locations of all calling rails detected were estimated using a compass bearing and a subjective 
distance from the survey station. A second bearing was recorded away from the original station, if 
practical, in order to more accurately determine the rail’s location by triangulation. Additional information 
recorded at each station included the date, time, weather conditions, noise level, site number/GPS 
location and number of each species observed. 
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2B.2.6.10 Amphibian Surveys 

Nocturnal Survey 
Nocturnal amphibian surveys were conducted during 2011 with the objective of obtaining information on 
amphibian presence, distribution and habitat associations within the 1 km LSA. Nocturnal amphibian 
call-playback surveys were completed from May 24 to 31, 2011 at a total of 73 stations, of which 
9 stations were located outside the LSA by up to 1 km (Figure 2B-12). The surveys were designed to 
cover a broadcast range and detection radius of 400 m. The detection radii of 68 broadcast stations are 
completely or partially overlapping the LSA, representing a survey area of 3,091 ha (37% of the LSA; 
Figure 2B-12, Table 2B-6). This estimate of survey coverage excludes any portion of the 400 m detection 
radii that are outside the LSA and survey stations with overlapping detection radii were counted only 
once.  

The survey methodology was adapted from protocols outlined in Sensitive Species Inventory Guidelines 
(ASRD 2010a), Alberta Amphibian Call Surveys a Pilot Year Final Report (Takats and Priestley 2002) and 
Alberta Volunteer Amphibian Monitoring Program (Alberta Conservation Association [ACA] et al. 2006). 
Prior to the field work, potential amphibian survey stations were located at all ponds and open water 
wetlands that could be identified using satellite imagery and vegetation mapping. This mapped 
information was supplemented by wetland habitat information collected during the aerial habitat overview 
conducted for the Project in June 2010. Survey stations were established with a minimum spacing of 
800 m to reduce possible overlap of detected amphibians. 

Call playback surveys were conducted from 30 minutes after sunset until 0200 hours. Surveys were only 
conducted when wind was less than 20 km/hr (level 3 on the Beaufort scale), there was light or no rain 
and temperatures were not below 0oC. Auditory surveys began with a 2 minute quiet period after arriving 
at each survey station. If no amphibians were heard during this period, 30 seconds of a Canadian toad 
call was broadcast, followed by a 30 second listening period and a subsequent 30 second broadcast of a 
western toad call. A final 2 minute listening period followed the broadcast sequence. The total sampling 
period at each survey station was 6 minutes. Calls were broadcast using a FOXPRO game caller. 

Each calling amphibian was identified to species. A qualitative estimation of the number of individuals 
calling for all amphibian species detected was made according to the following criteria: 

• 1 = 1-10 individual (individuals can be counted, there is space between calls); 

• 2 = 11-20 individuals (calls of individuals can be distinguished but there is some overlapping of calls); 
and 

• 3 = >20 individuals (full chorus, calls are constant, continuous and overlapping). 

The location of all calling toads was estimated using a compass bearing and a subjective distance from 
the survey station. A second bearing was taken approximately 200 m from the first location, where 
feasible, in order to more accurately determine the calling toad’s location by triangulation. Additional 
information recorded at each survey station included the date, time, weather conditions, ambient noise 
and site number/GPS location.  
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TABLE 2B-6 
 

NOCTURNAL AMPHIBIAN SURVEY COVERAGE WITHIN THE 1 km LSA 

Habitat Type ELC Description Area Surveyed (ha)1 Percent of Surveyed Area (%) 
Deciduous Forest d1 low-bush cranberry Aw 253.5 8.2 

e1 dogwood Pb-Aw 67.0 2.2 
f1 horsetail Pb-Aw 20.9 0.7 

Mixedwood Forest b3 blueberry Aw-Sw 2.2 0.1 
d2 low-bush cranberry Aw-Sw 107.1 3.5 
e2 dogwood Pb-Sw 167.9 5.4 
f2 horsetail Pb-Sw 21.2 0.7 

Coniferous Forest c1 Labrador tea-mesic Pj-Sb 3.1 0.1 
d3 low-bush cranberry Sw 105.7 3.4 
e3 dogwood Sw 120.6 3.9 
f3 horsetail Sw 44.1 1.4 
g1 Labrador tea-subhygric Sb-Pj 194.2 6.3 
h1 Labrador tea/horsetail Sw-Sb 179.5 5.8 

Bog i1 treed bog 194.2 6.3 
i2 shrubby bog 22.2 0.7 

Fen j1 treed poor fen 239.9 7.8 
j2 shrubby poor fen 8.2 0.3 
k1 treed rich fen 91.6 3.0 
k2 shrubby rich fen 13.4 0.4 

Open Wetland k3 graminoid rich fen 25.8 0.8 
l1 marsh 2.9 0.1 
Shrubby Wetland shrubby wetland 104.3 3.4 

Meadow Meadow upland grassland 1.1 0.0 
Disturbed Anthropogenic cleared land (e.g., well pads) 269.5 8.7 

Regenerating Burn regenerating burn 46.9 1.5 
Cutblock cutblock 0-10 years 261.3 8.5 
Regenerating Cutblock cutblock 11-30 years 522.3 16.9 

Total 3090.6 100.0 

Note: 1 Assumes a 400 m detection radius; only detection radii within the 1 km LSA (or portion thereof) were included in the table. The area of 
overlapping detection radii was counted only once. 

 

Diurnal Survey 
Nocturnal amphibian auditory surveys were supplemented by diurnal visual surveys at 9 sites within the 
1 km LSA from July 6 to July 10, 2011 (Figure 2B-12). The survey objectives were the same as with the 
nocturnal survey, with the additional objective of obtaining information on the age distribution and 
breeding activity of amphibians. The survey methodology was adapted from protocols outlined in the 
Inventory Methods for Pond-Breeding Amphibians and Painted Turtle (BC MELP 1998b). Accessible 
portions of shorelines and shallow open-water wetlands were visually examined on foot by two biologists 
for one-half hour (a total of one man-hour per site). Information recorded at each site included the date, 
start/end time, weather conditions, site number/GPS location, species, number of individuals, 
developmental stage (adult, juvenile, larvae, eggs) and habitat description. 
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2B.2.6.11 Incidental Wildlife Observations 

To supplement information on the presence of other wildlife species, including species with special 
conservation status, all incidental observations (heard/seen) and sign (e.g., tracks, scat/pellets, foraging) 
were recorded during the field studies. Information recorded for each observation included the date, time, 
species, number (where possible), age/gender (where possible), general habitat description and GPS 
location. The number of observations was reported, where possible, but should be interpreted with 
caution since such observations are not collected using a standardized methodology and noteworthy 
species (e.g., species with special conservation status) are more likely to be reported. 

2B.2.7 Species Richness and Diversity Measures 

Two measures of biodiversity are provided, where appropriate, to facilitate the interpretation of the 
relative value of landscape components for wildlife groups. Species richness is a count of the number of 
species of interest that are detected within a specified area (e.g., transect, point count, LSA). Species 
diversity is similar to richness but each species’ contribution is weighted by its relative abundance. 
Diversity is highest when the number of species is maximized and each species occurs in equal 
proportion, whereas species richness only depends on the number of species present. The 
Shannon-Weaver Index of Diversity (Shannon and Weiner 1963) was used as a measure of diversity, 
which is calculated as: 

ln  

Where H = the Shannon-Weaver index and pi = the proportion of species i in a sample of k observed 
species. The exponent of the Shannon-Weaver index, eH, is reported, since this measure is proportional 
to species richness and therefore easier to interpret (i.e., it would equal species richness if each species 
occurred in equal proportion). 

Groups of species that cannot be distinguished (e.g., deer, grouse) were counted as a single species for 
the purpose of calculating richness (and associated diversity measures). The number of species detected 
is expected to increase with the area surveyed and, therefore, total richness will increase with survey 
intensity. To reduce this bias, richness and associated diversity measures were averaged across 
transects or survey stations with the same cover type so that similar areas are being compared. 

2B.3 Results 

2B.3.1 Habitat Availability 

The LSAs are located within the Boreal Mixedwood Ecological Area (Beckingham and Archibald 1996), 
which corresponds to the Central Mixedwood Natural Subregion (Alberta Environmental Protection 1994). 
Several mammal and avian species, as well as a few species of amphibians and reptiles, occur within the 
Boreal Forest Natural Region, which includes both the Central Mixedwood Natural Subregion and the 
Lower Boreal Highlands Subregion (NRC 2006). Beaver activity is common and provides important 
habitat for wetland associated species. This Natural Region has an exceptionally diverse avifauna and is 
one of the main breeding grounds for migratory birds in North America. Within the Natural Region, 
species diversity is notably high within mixedwood forest and areas of tall shrub cover associated with 
swamps, beaver ponds, streams and lakes (NRC 2006). 

The western half of the 1 km LSA is dominated by wetland vegetation communities, in particular, treed 
and shrubby bogs and fens. Bogs and fens provide habitat for a variety of species, including birds and 
amphibians. They are also a key component of woodland caribou habitat, although the LSA is outside of 
provincially identified caribou ranges (Government of Alberta 2010) (see Section 2B.3.2.3). Mature upland 
forest comprises just over 40% of the LSA, with black spruce or white spruce coniferous forest being most 
common. Jack pine is uncommon within the LSA, constituting less than 1% of the study area. 

Riparian habitat associated with creeks and streams is common throughout the LSA and may offer 
important breeding habitat and movement corridors for a variety of wildlife species. Small wetlands are 
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common along rights-of-way and were observed to be used for a variety of amphibians and wetland 
species during baseline field surveys. Cutblocks under 30 years old are prevalent throughout the LSA, 
especially in the northeastern section, comprising approximately one third of the area of the 1 km LSA. 
Linear disturbances associated with timber harvest and petroleum exploration are also present within the 
LSA. Vegetation communities and their representation within the LSA are summarized in Table 2B-7.  

TABLE 2B-7 
 

HABITAT TYPES AND ELCs PRESENT IN THE LSA 

Habitat Type ELC Description 
Area in 300 m 

LSA (ha) 
Percent of 

300 m LSA (%) 
Area in 1 km 

LSA (ha) 
Percent of 1 km 

LSA (%) 
Deciduous Forest d1 low-bush cranberry Aw 478.4 8.6 673.2 8.0 

e1 dogwood Pb-Aw 155.0 2.8 247.3 2.9 
f1 horsetail Pb-Aw 23.9 0.4 39.2 0.5 

Mixedwood 
Forest 

b3 blueberry Aw-Sw 3.8 0.1 4.2 0.1 
d2 low-bush cranberry Aw-Sw 140.2 2.5 309.2 3.7 
e2 dogwood Pb-Sw 224.7 4.1 408.6 4.9 
f2 horsetail Pb-Sw 36.2 0.7 58.5 0.7 

Coniferous Forest c1 Labrador tea-mesic Pj-Sb 2.0 0.0 6.2 0.1 
d3 low-bush cranberry Sw 118.5 2.1 206.6 2.5 
e3 dogwood Sw 206.4 3.7 324.8 3.9 
f3 horsetail Sw 111.9 2.0 139.2 1.7 
g1 Labrador tea-subhygric Sb-Pj 312.8 5.7 536.9 6.4 
h1 Labrador tea/horsetail Sw-Sb 343.9 6.2 557.3 6.6 

Bog i1 treed bog 316.3 5.7 430.0 5.1 
i2 shrubby bog 65.5 1.2 70.9 0.8 

Fen j1 treed poor fen 417.1 7.5 649.9 7.7 
j2 shrubby poor fen 19.0 0.3 23.2 0.3 
k1 treed rich fen 195.1 3.5 262.0 3.1 
k2 shrubby rich fen 16.6 0.3 16.6 0.2 

Open Wetland k3 graminoid rich fen 38.1 0.7 44.2 0.5 
l1 marsh 12.1 0.2 15.8 0.2 
Shrubby Wetland shrubby wetland 208.5 3.8 330.2 3.9 

Meadow Meadow upland grassland 2.0 0.0 2.0 0.0 
Disturbed Anthropogenic cleared land (e.g., well pads) 425.5 7.7 538.8 6.4 

Regenerating Burn regenerating burn 123.3 2.2 144.1 1.7 
Cutblock cutblock 0-10 years 565.1 10.2 918.6 10.9 
Regenerating 
Cutblock 

cutblock 11-30 years 970.0 17.5 1454.0 17.3 

Total 5531.8 100.0 8411.5 100.0 
 

2B.3.2 Literature Review and Historic Information 

2B.3.2.1 Provincial Wildlife Database Records 

A search of the ASRD FWMIS database was conducted to identify any previously recorded wildlife 
observations, in particular, species with special conservation status, within the RSA/LSA and Project Area 
(ASRD 2011b). FWMIS species records within the RSA prior to baseline field surveys for the Project 
include common yellowthroat, horned grebe, sandhill crane, western toad, woodland caribou and historic 
records of taiga vole from the early 1900s. A search of the Alberta Biodiversity Monitoring Institute 
Database (ABMI) database provided an additional record for fisher within the RSA (ABMI 2012). Refer to 
Section 2B.3.2.2 for additional details on species with special conservation status identified by provincial 
database records. 
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2B.3.2.2 Species with Special Conservation Status 

No species with special conservation status were reported by FWMIS to occur within the 1 km LSA prior 
to wildlife baseline field surveys for the Project (ASRD 2011b). Species with special conservation status 
that have been previously detected in the RSA include common yellowthroat, fisher, sandhill crane, 
western tanager, western toad and woodland caribou (ASRD 2011b, ABMI 2012). Current status 
designations are provided in Table 2B-8 and Attachment 2B2. 

FWMIS records indicate 33 woodland caribou at 6 separate locations have previously been reported 
within the RSA from 1993 to 2003 (ASRD 2011b). The FWMIS record of woodland caribou nearest the 
Project Area prior to baseline field surveys for the Project occurred approximately 2.6 km south the 1 km 
LSA. Telemetry data from 1999-2000 indicate collared woodland caribou in the region were primarily 
using habitats within the current provincially-identified Agnes and Wandering caribou ranges, though a 
few points indicate caribou from the Agnes herd wandered south into the area of the LSA (Alberta 
Caribou Committee 2011). 

FWMIS and ABMI data contain records of additional wildlife species with special conservation status that 
were detected within a few kilometres of the RSA, including bay-breasted warbler, Cape May warbler, 
great grey owl, green-winged teal, horned grebe, least flycatcher, pileated woodpecker, rusty blackbird, 
sharp-tailed grouse and sora (see Attachment 2B2 for status designations). 

A total of 58 wildlife species with special conservation status were identified as having potential to occur 
in the RSA, including 8 mammals, 47 birds, 2 amphibians and 1 reptile (Table 2B-8). Further detail on the 
species with special conservation status with potential to occur within the RSA and definitions of status 
designations are presented in Attachment 2B2. 

TABLE 2B-8 
 

WILDLIFE SPECIES WITH SPECIAL CONSERVATION STATUS THAT HAVE POTENTIAL TO 
OCCUR WITHIN THE RSA 

Common Name Scientific Name 
Recorded in 

RSA1 

Alberta Designations Federal Designations 
ASRD2 Wildlife Act2 COSEWIC2 SARA2 

MAMMALS 
Canada lynx Lynx canadensis yes Sensitive --- --- --- 
eastern red bat Lasiurus borealis yes Sensitive --- --- --- 
fisher Martes pennanti yes Sensitive --- --- --- 
hoary bat Lasiurus cinereus yes Sensitive --- --- --- 
northern myotis Myotis septentrionalis yes May Be 

At Risk 
Data 

Deficient 
--- --- 

silver-haired bat Lasionycteris noctivagans yes Sensitive --- --- --- 
woodland caribou Rangifer tarandus yes At Risk Threatened Threatened Threatened 
wolverine Gulo gulo yes May Be 

At Risk 
--- Special 

Concern 
--- 

BIRDS 
American bittern Botaurus lentiginosus no Sensitive --- --- --- 
American kestrel Falco sparverius yes Sensitive --- --- --- 
American white pelican Pelecanus erythrorhynchos yes (flyover) Sensitive --- --- --- 
bald eagle Haliaeetus leucocephalus yes Sensitive --- --- --- 
Baltimore oriole Icterus galbula no Sensitive --- --- --- 
barn swallow Hirundo rustica yes Sensitive --- Threatened --- 
barred owl Strix varia yes Sensitive Special 

Concern 
--- --- 

bay-breasted warbler Dendroica castanea yes Sensitive --- --- --- 
black tern Chlidonias niger no Sensitive --- --- --- 
black-backed woodpecker Picoides arcticus yes Sensitive --- --- --- 
blackburnian warbler Dendroica fusca no Sensitive --- --- --- 
black-throated green warbler Dendroica virens yes Sensitive Special 

Concern 
--- --- 

broad-winged hawk Buteo platypterus yes Sensitive --- --- --- 
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TABLE 2B-8  Cont'd 

Common Name Scientific Name 
Recorded in 

RSA1 

Alberta Designations Federal Designations 
ASRD2 Wildlife Act2 COSEWIC2 SARA2 

brown creeper Certhia americana yes Sensitive --- --- --- 
Canada warbler Wilsonia canadensis no Sensitive --- Threatened Threatened 
Cape May warbler Dendroica tigrina yes Sensitive Special 

Concern 
--- --- 

common nighthawk Chordeiles minor yes Sensitive --- Threatened Threatened 
common yellowthroat Geothlypis trichas yes Sensitive --- --- --- 
eastern phoebe Sayornis phoebe no Sensitive --- --- --- 
Forster's tern Sterna forsteri no Sensitive --- --- --- 
great blue heron Ardea herodias no Sensitive --- --- --- 
great-crested flycatcher Myiarchus crinitus no Sensitive --- --- --- 
great grey owl Strix nebulosa yes Sensitive --- --- --- 
green-winged teal Anas crecca yes Sensitive --- --- --- 
horned grebe Podiceps auritus yes Sensitive --- Special 

Concern 
 

least flycatcher Empidonax minimus yes Sensitive --- --- --- 
lesser scaup Aythya affinis no Sensitive --- --- --- 
northern goshawk Accipiter gentilis yes Sensitive --- --- --- 
northern harrier Circus cyaneus no Sensitive --- --- --- 
northern pintail Anas acuta yes Sensitive --- --- --- 
olive-sided flycatcher Contopus cooperi yes May Be 

At Risk 
--- Threatened Threatened 

osprey Pandion haliaetus no Sensitive --- --- --- 
pied-billed grebe Podilymbus podiceps no Sensitive --- --- --- 
pileated woodpecker Dryocupus pileatus yes Sensitive --- --- --- 
rusty blackbird Euphagus carolinus no Sensitive --- Special 

Concern 
Special 
Concern 

sandhill crane Grus canadensis yes Sensitive --- --- --- 
sedge wren Cistothorus platensis no Sensitive --- --- --- 
sharp-tailed grouse Tympanuchus phasianellus no Sensitive --- --- --- 
short-eared owl Asio flammeus no May Be 

At Risk 
--- Special 

Concern 
--- 

sora Porzana carolina yes Sensitive --- --- --- 
Swainson’s hawk Buteo swainsoni no Sensitive --- --- --- 
trumpeter swan Cygnus buccinator no At Risk Threatened --- --- 
western grebe Aechmophorus occidentalis no Sensitive Special 

Concern 
--- --- 

western tanager Piranga ludoviciana yes Sensitive --- --- --- 
western wood-pewee Contopus sordidulus yes Sensitive --- --- --- 
white-winged scoter Melanitta fusca no Sensitive Special 

Concern 
--- --- 

yellow rail Coturnicops noveboracensis no --- --- Special 
Concern 

Special 
Concern 

AMPHIBIANS AND REPTILES 
Canadian toad Bufo hemiophrys no May Be 

At Risk 
--- --- --- 

red-sided garter snake Thamnophis sirtalis no Sensitive --- --- --- 
western toad Anaxyrus boreas boreas yes Sensitive --- Special 

Concern 
Special 
Concern 

Sources: ABMI 2012, ACIMS 2011, ANHIC 2008, ASRD 2010b, ASRD 2011b, ASRD 2011c, Banfield 1974, COSEWIC 2012a, Environment Canada 2011b, 
Federation of Alberta Naturalists 2007, NatureServe 2010, NatureServe 2011, Russell and Bauer 1993, Semenchuk 1992, Smith 1993, Stebbins 1966 

Notes: 1 Refers to species identified during baseline field studies for the Project in 2010 and 2011, as well as those previously recorded within the RSA 
(ABMI 2012, ASRD 2011b, ACC 2011). Presence of species identified by all known historic records were confirmed during baseline field surveys. 

 2 Status definitions are provided in Appendix 2A of the Wildlife Assessment (Volume 4, Section 2). 
 

In addition to species with provincial or federal special conservation status listed in Table 2B-8, 
consideration was given to species listed by the Cumulative Environmental Management Association 
(CEMA) as priority wildlife indicator species and species groups in the Athabasca oil sands region 
(Table 2B-9) (CEMA 2002). 
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TABLE 2B-9 
 

CEMA PRIORITY WILDLIFE SPECIES THAT HAVE THE POTENTIAL TO OCCUR IN THE RSA1 

Priority 1 Priority 2 Priority 3 
Canadian toad black bear wood frog 
moose American beaver grey wolf 
woodland caribou river otter bald eagle 
muskrat ducks and geese common loon 
fisher/red-backed vole ruffed grouse deciduous forest bird community 
Canada lynx/snowshoe hare mixedwood forest bird community wetlands forest bid community 
old-growth bird community pileated woodpecker pine forest bird community 

boreal owl early succession bird community 
northern goshawk 
broad-winged hawk 

Source: CEMA 2002 
Note:  1 Includes species that may potentially occur within the RSA based on range, habitat requirements, consultation with provincial regulators, 

results of field studies and professional knowledge. 
 

2B.3.2.3 Provincially Identified Wildlife Areas 

The 1 km LSA does not occur within any provincially identified wildlife areas for species with special 
conservation status or management concern (e.g., caribou ranges or Key Wildlife and Biodiversity Zones) 
(ASRD 2010c, Government of Alberta 2010).  

The RSA occurs within designated Key Wildlife and Biodiversity Zones for ungulates along the west and 
north-east boundary (Figure 2B-13). These Key Wildlife and Biodiversity Zones are associated with the 
Athabasca and House rivers. The RSA is also located within the East Side Athabasca River caribou 
range, overlapping portions of the Wandering, Agnes and Wiau herds. 

The RSA is located primarily within Wildlife Management Unit (WMU) 512 (Crow Lake), with the portion of 
the RSA west of the Athabasca River being in WMU 516 (Pelican Lake) (ASRD 2011a). The RSA is 
located within Fur Management Zone 1. There are 22 Registered Fur Management Areas (RFMAs) that 
overlap the RSA (Figure 2B-14). Two of these RFMAs, 1711 and 2248, are located on lands traversed by 
the Project Area (Alberta Energy 2011). 

2B.3.2.4 Environmentally Significant Areas 

The LSA does not occur within or adjacent to any Environmentally Significant Areas (ESA) (ATPR 2009). 
The RSA occurs within and adjacent to two ESAs (Figure 2B-13). ESA 692 is nationally significant and 
occurs along the west and northeast RSA boundaries. ESA 692 contains 70 elements of conservation 
concern, rare/unique landforms, important wildlife habitat, riparian habitat and large natural areas that 
provide habitat for focal species such as peregrine falcon and woodland caribou. ESA 548 is provincially 
significant and occurs in three disjunct locations in the southern half of the RSA. ESA 548 contains 
habitat for focal species (woodland caribou), large natural areas and sites of recognized significance. 

2B.3.2.5 Parks and Other Protected Areas 

The RSA, LSA and Project Area are not located in or adjacent to any designated Parks or Protected 
Areas, Important Bird Areas, Migratory Bird Sanctuaries, National Wildlife Areas, Western Hemisphere 
Shorebird Reserves, Ramsar wetlands or World Biosphere Reserves (ATPR 2010, BirdLife 
International et al. 2010, CWS 2011, Environment Canada 2010, WHSRN 2011, Wetlands International 
2007, UNESCO 2011). The closest designated Parks or Protected Areas are Crow Lake Provincial Park 
and Crow Lake Ecological Reserve, located approximately 3.7 km northeast of the RSA (ATPR 2010). 

The RSA, LSA and Project Area do not occur within or adjacent to any Protective Notations (PNT) or 
other dispositions relevant to wildlife or wildlife habitat (Alberta Energy 2011). 
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2B.3.3 Traditional Ecological Knowledge 

During the TEK field surveys moose, deer, black bear, wolf, hare, fox, squirrel, grouse, hawk and caribou 
were identified by participants as species found throughout the RSA that are used for subsistence, 
economic or cultural purposes.  

Aboriginal participants of the field surveys found evidence of hunting and trapping activity in the RSA and 
indicated that lands within the RSA provide ideal habitat for wolverine, fisher, wolf, squirrel, rabbit and 
lynx, and good hunting lands for bear, moose, elk, deer and caribou. Participants related stories of setting 
traps for lynx, setting up the cubby and snare, baiting the trap and protecting it from other predators. 

Several game trails were identified within the RSA and participants identified signs of moose, elk, deer 
and caribou. Participants shared stories of bison in the area historically, some even within the memory of 
Elders today. Bison are known to move out of valley areas to seek out high ground in the winter. 

Participants identified a variety of animal products with traditional purposes including medicines for colds 
and congestions, products for use during the tanning process to soften a hide and materials for creating 
knives and other implements.  

Participants noted the increased evidence of wildlife signs at pigging stations within the RSA and 
suggested that the use of chemicals at these locations attract wildlife, which use them as licks. 
Participants have observed a decline in the populations of many animals in the area over time and 
suggested that the rapid increase of anthropogenic development in the RSA has forced animals to move 
to less developed lands.  

Refer to the Traditional Ecological Knowledge and Land Use Assessment (Volume 5, Section 3.0) for 
additional detail on the results of the TEK program related to wildlife. 

2B.3.4 Field Surveys 

A list of all species and/or their sign (e.g., tracks, scat/pellets, foraging evidence) recorded during the 
wildlife baseline field surveys is provided in Attachment 2B3. In compliance with the FWMIS Data Sharing 
Agreement and conditions of Research Permits and Collection Licences, data collected during the field 
surveys have been submitted to the ASRD FWMIS database (ASRD 2011b). 

2B.3.4.1 Ungulate Aerial Survey 

Ungulate species observed during the aerial survey include moose and white-tailed deer. Woodland 
caribou cratering and trails were observed at one location south of the 1 km LSA near the Wandering 
Caribou Range. 

Moose 
During the aerial survey, 81 moose were observed along transect routes. Of these, 27 moose were 
observed in the 1 km LSA (Table 2B-10). The calf/cow ratio observed in the aerial survey study area was 
54.5 calves/100 cows and 35.7 calves/100 cows in the 1 km LSA. The ratio of bulls to cows was 
51.5 bulls/100 cows in the aerial survey study area and 28.6 bulls/100 cows in the 1 km LSA. The 
estimated moose density is 0.48 moose/km² in the LSA and 0.49 moose/km2 in the larger aerial survey 
study area (Table 2B-10). The surveyed area is relatively small and, therefore, results are not necessarily 
indicative of regional moose populations.  

The aerial survey transects included all 27 ELCs present within the 1 km LSA. Moose were observed in 6 
of the 27 ELCs surveyed. They were most frequently observed in regenerating cutblocks (67% of 
observations), recent cutblocks (15%) and shrubby wetlands (7%) (Table 2B-11). 
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TABLE 2B-10 
 

MOOSE OBSERVATIONS AND DENSITY ESTIMATES BY AGE AND GENDER CLASS 

Moose Age/Gender Class 
Observed Estimated Density1 

Aerial Survey Study Area 1 km LSA Aerial Survey Study Area 1 km LSA 
Adult Females 33 14 0.20 0.25 
Adult Males 17 4 0.10 0.07 
Yearling Females 4 2 0.02 0.04 
Yearling Males 8 2 0.05 0.04 
Calves 18 5 0.11 0.09 
Unknown 1 0 0.01 0.00 
Total Individuals 81 27 0.49 0.48 

Note: 1 Estimated density values reflect a SCF of 1.12. The surveyed area was 185.6 km² in the aerial survey study area and 62.4 km² in the 1 km 
LSA. Estimated densities are based on a 200 m detection distance on both sides of the linear transects. 

 

TABLE 2B-11 
 

MOOSE OBSERVATIONS BY ELC WITHIN THE 1 km LSA 

ELC 
Proportion of ELC in 

LSA (%) 

Number of Moose by Age/Gender Class 
Adult 

Females 
Adult 
Males 

Yearling 
Females 

Yearling 
Males Calves Total 

d3 2.5 --- --- 1 --- --- 1 
h1 6.6 1 --- --- --- --- 1 
j1 7.7 --- 1 --- --- --- 1 
shrubby wetland 3.9 1 --- --- --- 1 2 
cutblock 10.9 1 2 --- --- 1 4 
regenerating cutblock 17.3 11 1 1 2 3 18 
Total 48.9 14 4 2 2 5 27 

 

White-Tailed Deer 
During the aerial survey, 61 white-tailed deer were detected along transect routes, of which, 29 were 
observed in the 1 km LSA (Table 2B-12). Estimated deer density within the aerial survey study area is 
0.36 deer/km² and 0.52 deer/km² in the 1 km LSA. Age and gender ratios were not calculated since no 
fawns were observed during the aerial survey and adult gender could not be classified. 

White-tailed deer were observed in five ELC types. The greatest number of white-tailed deer were 
observed in recent cutblocks (59% of all individuals observed in the 1 km LSA) (Table 2B-12). However, 
this includes two large groups of deer (one with 11 individuals and the other with 5 individuals) and, 
therefore, habitat associations may be biased. Other than recent cutblocks (17% of the observations), 
shrubby wetlands and regenerating cutblocks had the greatest number of white-tailed deer, each with 5% 
of the total observations. 

TABLE 2B-12 
 

WHITE-TAILED DEER OBSERVATIONS BY ELC WITHIN THE 1 km LSA 

ELC 
Proportion of ELC 

in LSA (%) 
Number of White-

Tailed Deer 
j1 (treed poor fen) 7.7 1 
shrubby wetland 3.9 5 
cutblock 10.9 17 
regenerating cutblock 17.3 5 
anthropogenic (well pad) 6.4 1 
Total 46.2 29 
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2B.3.4.2 Winter Track Transects 

The tracks of 12 wildlife species or species groups were observed during the winter track surveys. Tracks 
were observed for all surveyed ELC types and along all transects sampled except for one through a 
recently harvested cutblock. Species richness ranged from 1 to 10 for individual ELCs (Table 2B-13). 
Upland communities (ecosites d,e,f) and regenerating cutblocks generally had greater species richness 
and track densities (Table 2B-14) than black spruce communities, bogs, nutrient rich fens and recent 
cutblocks. Treed poor fens had high species richness, although relatively low total track density 
(Tables 2B-13 and 2B-14). Species richness is well known to increase with sampling effort, making direct 
comparisons among ELC classifications problematic since transect length varied in the different ELC 
types surveyed. Average species richness per transect was also calculated since this measure is less 
biased by differences in sampling effort among ELC classifications.  

Snow depths ranged from 20 cm to 113 cm and averaged 57.7cm (SD 13.5 cm) amongst all transects. 
The lowest snow depth was associated with upland white spruce forest (ELC = d3 or e3). The highest 
average depth of snow cover was generally associated with disturbed areas (especially regenerating 
burns and cutblocks), as well as forested ecosite phases f1 (deciduous forest) and f3 (mixedwood forest). 

TABLE 2B-13 
 

SUMMARY OF RESULTS FOR THE 2011 WINTER TRACK SURVEY 

ELC Description 

Distance 
Sampled 

(km) 
Tracks/km-day 

(all species) 
Taxon 

Richness1 

Average Taxon 
Richness/ 

25 m Segment1 
Average Snow 

Depth (cm) 
d1 Low-bush cranberry Aw 2.00 41.97 9 1.25 59.42 
d2 Low-bush cranberry Aw-Sw 0.63 52.08 4 2.04 53.80 
d3 Low-bush cranberry Sw 0.95 52.05 9 1.87 40.03 
e2 Dogwood Pb-Sw 1.38 35.59 9 1.11 50.33 
e3 Dogwood Sw 1.50 75.02 8 2.18 40.98 
f1 Horsetail Pb-Aw 0.50 67.99 4 1.20 67.00 
f3 Horsetail Sw 0.50 34.02 5 0.70 66.33 
g1 Labrador tea-subhygric Sb-Pj 1.38 15.46 7 1.00 54.21 
h1 Labrador tea/horsetail Sw-Sb 0.33 26.77 5 1.69 49.42 
i1 Treed bog 1.50 1.74 4 0.15 61.89 
j1 Treed poor fen 2.30 16.96 9 0.85 60.93 
k1 Treed rich fen 1.00 12.59 5 0.60 59.30 
k2 Shrubby rich fen 0.50 12.95 6 1.30 45.67 
Shrubby 
Wetland 

Shrubby wetland 0.08 18.65 3 1.67 57.00 

Regenerating 
Burn 

Regenerating burn (i1 or j1) 2.25 15.45 7 0.54 72.55 

Cutblock Cutblock 0-10 years 1.00 4.90 4 0.25 65.33 
Regenerating 
Cutblock 

Cutblock 11-30 years 3.57 35.54 10 1.20 57.30 

Average2 21.35 30.30 12 1.06 57.69 

Notes: 1 Taxon richness is expressed as the number of species or species groups detected along all transects within the ELC. Taxon richness is 
expected to increase with the transect length sampled. Since survey intensity varied between ELC categories, average taxon richness/25 m 
segment is also reported to facilitate comparison. 

 2 Where appropriate, column averages weighted by sampling effort (based on km-days) 
  



 

TABLE 2B-14 
 

MEAN TRACK DENSITY BY ELC WITHIN THE 1 KM LSA 

ELC 

Snow 
depth 
(cm) 

Track Frequency (Tracks/ km-day) 
Rodents, Lagomorphs, Grouse Mustelids Large Predators4 Ungulates 

Total Grouse2 
Mouse/ 

Vole 
Red 

Squirrel 
Snowshoe 

Hare Weasel3 
American 

Marten Fisher Coyote 
Canada 

Lynx Deer5 Elk Moose6 

d1 59.4 0.38 0.00 3.94 34.09 0.64 0.00 0.00 0.38 0.38 1.14 0.76 0.25 41.97 
d2 53.8 0.00 0.00 16.13 19.82 0.00 0.00 0.00 0.00 0.00 11.52 0.00 4.61 52.08 
d3 40.0 1.17 0.23 3.27 33.85 0.70 0.47 0.00 0.23 0.00 10.74 1.40 0.00 52.05 
e2 50.3 0.21 0.00 3.98 4.61 0.21 0.42 0.00 0.21 0.00 20.10 0.21 5.65 35.59 
e3 41.0 0.12 0.37 8.75 56.05 0.00 0.12 0.00 1.97 0.00 5.30 0.00 2.34 75.02 
f1 67.0 0.00 0.00 2.76 63.40 0.00 0.92 0.00 0.00 0.92 0.00 0.00 0.00 67.99 
f3 66.3 0.00 0.00 0.81 26.73 0.00 0.00 0.00 0.00 0.81 4.05 0.00 1.62 34.02 
g1 54.2 0.00 0.13 2.27 3.60 0.53 0.00 0.00 0.13 0.00 8.66 0.00 0.13 15.46 
h1 49.4 0.00 0.00 1.43 16.25 1.91 0.00 0.00 0.00 0.48 6.69 0.00 0.00 26.77 
i1 61.9 0.00 0.16 0.16 1.11 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 1.74 
j1 60.9 0.00 0.09 0.53 8.44 0.97 0.79 0.00 0.18 0.09 5.80 0.00 0.09 16.96 
k1 59.3 0.00 0.00 1.10 6.85 0.22 0.00 0.88 0.00 0.00 3.53 0.00 0.00 12.59 
k2 45.7 0.63 0.63 0.00 1.58 3.47 0.00 0.00 0.00 0.00 4.74 0.00 1.89 12.95 
Shrubby 
Wetland 57.0 0.00 0.00 0.00 2.07 0.00 0.00 0.00 0.00 0.00 14.51 0.00 2.07 18.65 

Regenerating 
Burn 72.6 0.00 0.00 1.67 12.23 0.56 0.44 0.00 0.00 0.22 0.22 0.00 0.11 15.45 

Cutblock 65.3 0.29 0.00 0.00 0.00 3.17 0.00 0.00 0.00 0.29 1.15 0.00 0.00 4.90 
Regenerating 
Cutblock 57.3 0.98 1.66 0.98 29.20 1.02 0.15 0.00 0.39 0.10 0.34 0.00 0.73 35.54 

Average1 57.7 0.33 0.43 2.46 20.33 0.78 0.23 0.04 0.32 0.13 4.26 0.13 0.13 29.59 

Page 2B-43

Notes: 1 Averages weighted by distance sampled. 
 2 Ruffed grouse and spruce grouse tracks cannot be differentiated and are therefore grouped together. 
 3 Ermine, least weasel and long-tailed weasel tracks cannot be differentiated and are therefore grouped together. 
 4 Wolf tracks were not observed along the winter track transects, but were observed incidentally along existing rights-of-way. 
 5 Mule deer and white-tailed deer tracks cannot be differentiated and are therefore grouped together. 
 6 The apparent higher track frequency in the d2, e2 and e3 ELCs are the result of two transects with very high track frequencies in these habitat types. 
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2B.3.4.3 Beaver Observations 

Beaver activity has created numerous ponds throughout the RSA. Sightings of beaver were only recorded 
outside of the 300 m LSA during the 2010 surveys. Locations of beaver activity recorded within the 300 m 
LSA during the 2010 aerial beaver survey, opportunistically during other baseline field surveys and during 
aerial imagery interpretation are summarized in Table 2B-15. No muskrat or their sign were detected 
during the surveys, although participants of the TEK program identified several locations that were 
considered good potential habitat for muskrat within the RSA. Additional beaver activity (lodges, dams, 
chewed trees) was recorded incidentally within the RSA. 

TABLE 2B-15 
 

BEAVER STRUCTURES OBSERVED IN 2010 AND 2011 WITHIN THE 300 m LSA 

Structure Description Distance to Project Area (m) Structure Description Distance to Project Area (m) 
dam1 52 inactive dam 226 
dam/lodge 120 dam1 229 
dam1 120 active dam, lodge 237 
inactive dam 129 active dam, lodge 269 
inactive dam 135 inactive dam 291 
lodge 151 inactive dam 292 
inactive dam, lodge 161 inactive dam 296 
active dam, lodge 162 dam2 335 
active dam, lodge 171 active dam, lodge2 348 
inactive dam 187 active dam, lodge2 361 
inactive dam, lodge 196 active dam, lodge2 371 
dam 203 inactive dam2 418 
dam, lodge 207 inactive lodge2 502 

Notes: 1 Part of a large dam complex identified by ground surveys, but further delineated using satellite imagery. 
 2 Due to the irregular shape of the Project Area, the distance between the beaver structure and the Project Footprint is >300 m, but it remains 

within the 300 m LSA. 
 

2B.3.4.4 Bat Surveys 

Mist Net Survey 
Four bat species were captured within the survey area (Table 2B-16). Most of the bats captured were 
either northern myotis or little brown bats. A single silver-haired bat and hoary bat were also captured 
(although the hoary bat was captured slightly outside the LSA). Mist net surveys are biased by differences 
in the biology of individual species or populations that influence the probability of capture. Myotis species 
tend to forage lower to the ground, in or around clutter, making it more likely that they will be captured 
using mist nets. In contrast, species such as hoary bats, silver-haired bats and big brown bats are more 
likely to forage in the open, where mist netting is less effective. Therefore, the low number of captures of 
silver-haired bats or big brown bats does not indicate that they are uncommon in the survey area. High 
echolocation activity of the big brown bat/silver-haired bat species complex suggests that they are 
common throughout the survey area. Reproductive females and juveniles were captured for both northern 
myotis and little brown myotis, indicating that they both breed within the survey area. Two northern flying 
squirrels were also captured in mist nets. At least nine common nighthawks were observed during the bat 
surveys, with observations occurring in the general vicinity of mist net locations for six of the seven nights 
of the surveys. 

Both northern myotis and little brown myotis are listed by COSEWIC as Endangered, primarily because of 
concern over continuing spread of the fungus associated with White Nose Syndrome (COSEWIC 2012B). 
Bats in the study area are not presently affected by this disease. Northern myotis is also designated as 
May Be at Risk in Alberta, based largely on their potential vulnerability to the loss of old forest habitat 
(ASRD and ACA 2009, ASRD 2011c). However, they may be locally abundant in northeastern Alberta 
(ASRD and ACA 2009). Silver-haired bats and hoary bats are listed as Sensitive in Alberta. Common 
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nighthawk is listed as Threatened under Schedule 1 of the SARA and by COSEWIC (COSEWIC 2012a, 
Environment Canada 2011b) and is designated Sensitive provincially (ASRD 2011c). 

TABLE 2B-16 
 

BAT CAPTURES DURING THE 2011 BAT MIST NET SURVEY 

Species 
Adult Juvenile 

Total 
Percent of Nights 

Species Captured (%) Female Male Female Male 
Little brown myotis 2 3 1 2 8 71 
Northern myotis 5 -- 2 3 10 86 
Hoary bat -- -- -- 1 1 14 
Silver-haired bat -- -- 1 -- 1 14 

 

Acoustic Survey 
Four bat species groups that could be reliably distinguished using echolocation calls were anticipated to 
occur within the study area, including hoary bats, silver-haired bats/big brown bats, myotis bats and 
eastern red bats. All of these species groups were found in all of the habitat types that occur in the survey 
area (Tables 2B-17 and 2B-18). The greatest bat activity occurred at wetlands (beaver ponds or 
watercourse crossings). Upland areas also had high bat activity, although feeding activity was lower 
relative to other habitat types. These upland sites may be important for roosting since they generally 
contain mature deciduous species that are often used as roost sites by bats (Crampton and Barclay 
1998). Cutblocks (or cutblock edges) had high feeding buzzes/hour, indicating that they are actively used 
as foraging areas. Lowland bogs and fens, which comprise a substantial proportion of the study area, had 
the lowest activity in terms of both bat passes and feeding activity. 

TABLE 2B-17 
 

BAT ACTIVITY (PASSES/HOUR) DURING THE 2011 BAT ACOUSTIC SURVEY 

Habitat Type ELC1 
No. 

Sites Hoary Bat 
Silver-Haired or Big 

Brown Bat 
Eastern Red 

Bat Myotis Species Unknown All Species 
Upland Forest d1 3 0.21 1.99 0.00 3.21 0.25 5.67 

d3 1 0.13 4.30 0.51 11.14 0.63 16.71 
e3 2 0.00 21.29 1.65 8.39 0.38 31.71 
f3 1 0.00 0.40 0.00 0.61 0.00 1.01 
Combined 7 0.11 8.00 0.57 5.72 0.33 14.74 

Bog/Fen i1 1 0.26 5.83 0.00 9.72 0.13 15.94 
j1 3 0.00 1.45 0.05 4.60 0.00 6.10 
k1 1 0.37 0.99 0.00 1.24 0.00 2.60 
Combined 5 0.14 2.29 0.03 4.94 0.03 7.43 

Disturbed Regenerating Burn 1 0.00 1.90 0.00 13.80 0.00 15.70 
Regenerating 
Cutblock 

4 0.39 0.79 0.08 14.73 0.16 16.15 

Cutblock 3 0.00 3.87 0.00 1.15 0.13 5.15 
Combined 8 0.18 2.22 0.04 8.98 0.12 11.53 

Open Water Beaver Pond 2 0.25 20.82 0.00 4.05 0.19 25.32 
Stream 2 1.57 18.23 0.31 37.88 0.16 58.15 
Combined 4 0.84 19.67 0.14 19.18 0.17 40.00 

Study Total 24 0.26 6.85 0.21 8.84 0.17 16.34 

Note:  Both beaver ponds were classified as l1 (marsh) surrounded by k3 (graminoid fen) or shrubby wetland; both stream detectors were placed adjacent 
to ecosite phase d3 (low-bush cranberry Sw) forest. All stations were placed adjacent to edges (e.g., seismic lines, access roads). 

  



BlackPearl Resources Inc.  Wildlife Baseline Report 
BlackRod Commercial SAGD Project  Volume 4 - Appendix 2B 

 

 
   

Page 2B-46 
 
 

TABLE 2B-18 
 

BAT FORAGING ACTIVITY DURING THE 2011 BAT ACOUSTIC SURVEY 

Habitat Type ELC1 
No. 

Sites 

Foraging Activity (Number of feeding buzzes/hour) 

Hoary Bat 
Silver-Haired or Big 

Brown Bat 
Eastern Red 

Bat Myotis Species All Species 
Upland Forest d1 3 0.000 0.085 0.000 0.042 0.127 

d3 1 0.000 0.760 0.000 0.253 1.013 
e3 2 0.000 0.381 0.000 0.508 0.890 
f3 1 0.000 0.000 0.000 0.000 0.000 
Combined 7 0.000 0.268 0.000 0.211 0.479 

Bog/Fen i1 1 0.000 0.778 0.000 0.518 1.296 
j1 3 0.000 0.000 0.000 0.250 0.250 
k1 1 0.000 0.124 0.000 0.000 0.124 
Combined 5 0.000 0.195 0.000 0.251 0.446 

Disturbed Regenerating Burn 1 0.000 0.253 0.000 2.026 2.279 
Regenerating 
Cutblock 

4 0.000 0.039 0.000 4.096 4.135 

Cutblock 3 0.000 1.106 0.000 0.000 1.106 
Combined 8 0.000 0.510 0.000 2.112 2.623 

Open water Beaver Pond* 2 0.000 7.469 0.000 0.443 7.912 
Stream 2 0.313 2.583 0.000 3.835 6.730 
Combined 4 0.140 5.284 0.000 1.960 7.384 

Study Total 24 0.023 1.159 0.000 1.130 2.312 

Notes: 1 Both beaver ponds were classified as l1 (marsh) surrounded by k3 (graminoid fen) or shrubby wetland; both stream detectors were placed 
adjacent to ecosite phase d3 (low-bush cranberry Sw) forest. All stations were placed adjacent to edges (e.g., seismic lines, access roads). 

 

2B.3.4.5 Nocturnal Owl Survey 

Owls were detected at 18 (47%) of the 38 broadcast stations within or near the 1 km LSA during the two 
survey periods. During the first survey (April 4 to 7, 2011), owls were detected at 11 (34%) of the 
32 broadcast stations. During the second survey (April 18 to 21, 2011), owls were detected at 12 (34%) of 
the 35 broadcast stations. In total, there were 32 individual owls detected during the two surveys, with 
15 individuals detected during the first survey and 17 individuals detected during the second survey. Of 
the 32 owl detections, 24 were within the 1 km LSA (11 during the first survey; 13 during the second 
survey). 

Three owl species (boreal owl, barred owl and great grey owl) were detected during the surveys in 2011, 
and all occurred within the 1 km LSA. Boreal owls were the most frequently detected owl species in the 
LSA, followed by barred owls and great grey owls. At the 38 broadcast stations surveyed, including those 
outside the 1 km LSA, boreal owls were detected at 16 (42%) stations, barred owls at 4 (11%) stations 
and great grey owls at 1 (3%) station. Barred owls and great grey owls are provincially designated as 
Sensitive in Alberta and boreal owl is Secure (ASRD 2011c). Owl observations within the 1 km LSA, 
including incidental observations, are summarized in Table 2B-19. 

Incidental owl observations recorded within the 1 km LSA during the 2011 baseline field surveys include 
six barred owls, two great grey owls and one boreal owl. One additional barred owl and two great grey 
owls were recorded incidentally outside the 1 km LSA. One northern hawk owl was observed incidentally 
during the 2010 waterbird survey approximately 23 km southeast of the 1 km LSA near the gravel road 
accessing the Project Area. 

Owl species richness ranged from 0 to 2 species per broadcast station with an average of 0.38 species 
per station for the early survey and 0.37 species per station for the second survey. For both surveys 
combined, the average richness was 0.55 species per station. 
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Habitat associations are reported for the 24 owl detections with the 1 km LSA (Table 2B-20). However, 
these results should be interpreted with caution for several reasons. First, it is probable that the same owl 
may have been detected on multiple surveys and/or at multiple survey stations and, therefore, the 24 owl 
detections do not represent independent observations. In addition, owls tend to respond to broadcast 
calls by moving towards the survey stations (Takats et al. 2001), possibly using habitat that would not 
otherwise have been used. Further, locations of detected owls were estimations based on simple 
triangulation (i.e., two detection locations) or a subjective distance estimate and bearing, both of which 
are subject to moderate error. Finally, few of the ELCs have multiple owl observations, making it difficult 
to make inferences of habitat associations. 

Both boreal owls and barred owls nest within tree cavities. Trees must be of sufficient size to provide 
cavities large enough for nesting, which are most often found in upland forested habitat types. Nest 
cavities are typically within trees that have some degree of decay or breakage and are often modified 
woodpecker excavations. Boreal owls, the most detected species in the LSA, prefer coniferous and 
mixedwood forests (Semenchuk 1992). Barred owls, the second most detected species in the LSA, is 
most often associated with mature forests and often nests in the cavities of large balsam poplar 
(Federation of Alberta Naturalists 2007). In Alberta, barred owls prefer mixedwood forests with large 
deciduous trees, often associated with watercourses (Semenchuk 1992). At least one observation of a 
barred owl within the LSA was associated with a balsam poplar ELC (e2) and most of the observations 
were within vegetation communities associated with mixedwood forest cover. Great grey owls tend to 
prefer mature forests with stick nests that were built by hawks and ravens for nesting (Federation of 
Alberta Naturalists 2007). They avoid disturbed forests and are usually found near water sources such as 
muskegs, marshes and wet meadows (Semenchuk 1992). All three owl species detected within the LSA 
made use of bogs or fens (ecosites i,j,k). Although nesting habitat is not anticipated to be present in bogs 
and fens, these habitats may be important for foraging. Northern hawk owls occur most commonly in 
open coniferous or mixedwood forests, often near muskeg, brushy edges of clearings and old burns 
(Semenchuk 1992). 

TABLE 2B-19 
 

OWL DETECTIONS WITHIN THE 1 KM LSA DURING THE 2011 SURVEYS 

Survey Area Surveyed (ha) Boreal Owl Great Grey Owl Barred Owl Unknown Total 
April 4-7 4735.3 6 1 3 1 11 
April 18-21 5127.7 9 --- 3 1 13 
Incidental N/A 1 2 7 --- 9 
 

TABLE 2B-20 
 

OWL HABITAT ASSOCIATIONS WITHIN THE 1 KM LSA DURING 2011 

Species1 ELC Description 
Number of Owl Detections2 

Apr 4-7 Apr 18-21 Incidental  Total % of Total 
Barred 
Owl 

d2 low-bush cranberry Aw-Sw --- 3 1 4 30.8 
e1 dogwood Pb-Aw 1 --- --- 1 7.7 
e2 dogwood Pb-Sw --- --- 1 1 7.7 
i1 treed bog 1 --- --- 1 7.7 
Shrubby Wetland shrubby wetland --- --- 1 1 7.7 
Anthropogenic Anthropogenic disturbance 1 --- 3 4 30.8 
Regenerating 
Cutblock 

cutblock 11-30 years --- --- 1 1 7.7 

Total 3 3 7 13 100.0 
Boreal Owl d2 low-bush cranberry Aw-Sw --- 1 --- 1 6.3 

d3 low-bush cranberry Sw 1 1 --- 2 12.5 
e3 dogwood Sw --- --- 1 1 6.3 
f3 horsetail Sw --- 1 --- 1 6.3 
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TABLE 2B-20  Cont’d 

Species1 ELC Description 
Number of Owl Detections2 

Apr 4-7 Apr 18-21 Incidental  Total % of Total 
Boreal Owl 
(cont’d) 

g1 Labrador tea-subhygric Sb-Pj 2 1 --- 3 18.8 
j1 treed poor fen --- 1 --- 1 6.3 
k3 graminoid rich fen --- 1 --- 1 6.3 
cutblock cutblock 0-10 years 2 1 --- 3 18.8 
regenerating 
cutblock 

cutblock 11-30 years 1 1 --- 2 12.5 

anthropogenic Anthropogenic disturbance --- 1 --- 1 6.3 
Total 6 9 1 16 100.0 

Great Grey 
Owl 

e3 dogwood Sw 1 --- --- 1 33.3 
anthropogenic Anthropogenic disturbance --- --- 2 2 66.7 

Total 1 --- 2 3 100.0 

Notes:  1 Unidentified owl calls detected in d1 (first survey) and e2 (second survey) forests are not included in this summary. 
 2 The number of detections does not account for repeat detection of individuals over the two surveys (i.e., all detections for both surveys are 

counted). 
 

2B.3.4.6 Breeding Bird Survey 

Fifty-two bird species were detected within the 50 m point count radius at surveyed stations in the 1 km 
LSA during breeding bird surveys in 2010 and 2011 (Table 2B-21). One species, the purple finch, was 
only detected at a point count station outside the 1 km LSA during the breeding bird surveys, but was 
incidentally observed within the LSA during the forest hawk and waterbird surveys. Since the four stations 
outside the 1 km LSA were still ≤321 m from the LSA, these were included in the remainder of the 
analysis.  Of the 53 species detected during point count surveys, 49 species (92%) were songbirds or 
woodpeckers. An additional 19 bird species were recorded only as incidentals (i.e., flyovers, birds 
observed between survey locations, birds observed outside of the 5 minute survey period, or birds greater 
than 50 m from point count centre). Habitat analyses included only the 49 songbird and woodpecker 
species, and excluded incidental observations.  

TABLE 2B-21 
 

AVIAN SPECIES OBSERVED DURING BASELINE FIELD SURVEYS 

Species1 Su
rv

ey
2 

LS
A3 

RS
A4 

In
cid

en
ta

l5 

An
aly

sis
6 

Species1 Su
rv

ey
2 

LS
A3 

RS
A4 

In
cid

en
ta

l5 

An
aly

sis
6 

alder flycatcher BBS •   • mourning warbler BBS •   • 
American goldfinch VEG •  •  northern flicker BBS •   • 
American green-winged teal BBS •  •  northern pintail BBS •  •  
American kestrel BBS •  •  northern waterthrush WBS  • •  
American redstart BBS •   • olive-sided flycatcher BBS •  •  
American robin BBS •   • orange-crowned warbler BBS •  •  
American white pelican (flyover) BBS  • •  Ovenbird BBS •   • 
barn swallow FHS •  •  palm warbler BBS •   • 
barred owl2 BBS •    Philadelphia vireo BBS •  •  
bay-breasted warbler BBS •   • pileated woodpecker BBS •  •  
black-and-white warbler BBS •   • pine siskin BBS •   • 
black-backed woodpecker BBS •   • purple finch BBS •   • 
blackpoll  warbler BBS •   • red-breasted nuthatch BBS •   • 
black-capped chickadee BBS •   • red-eyed vireo BBS •   • 
black-throated green warbler BBS •  •  red-winged blackbird WBS  • •  
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TABLE 2B-21  Cont'd 

Species1 Su
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2 
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blue-headed vireo BBS •   • rose-breasted grosbeak BBS •   • 
boreal chickadee BBS •   • ruby-crowned kinglet BBS •   • 
brown creeper BBS •   • ruffed grouse BBS •  •  
Canada goose BBS •  •  sandhill crane BBS •  •  
Cape May warbler BBS •   • savannah sparrow WBS •  •  
cedar waxwing BBS •   • sharp-shinned hawk BBS •  •  
chipping sparrow BBS •   • solitary sandpiper BBS •    
clay-colored sparrow BBS •   • spruce grouse BBS •  •  
common loon (flyover) BBS •  •  Swainson's thrush BBS •   • 
common nighthawk BAT •  •  swamp sparrow BBS •   • 
common raven BBS •   • Tennessee warbler BBS •   • 
common yellowthroat BBS •   • three-toed woodpecker WTS  • •  
Connecticut warbler BBS •   • tree swallow BBS •  •  
dark-eyed junco BBS •   • warbling vireo BBS •   • 
Double-crested cormorant (flyover) BBS •  •  western tanager BBS •   • 
evening grosbeak BBS •  •  western wood-pewee BBS •   • 
golden-crowned kinglet BBS •   • white-throated sparrow BBS •   • 
gray jay BBS •   • white-winged crossbill BBS •   • 
greater yellowlegs BBS •    Wilson's snipe  BBS •    
hairy woodpecker WTS  • •  Wilson's warbler BBS •   • 
hermit thrush BBS •   • winter wren BBS •   • 
Le Conte's sparrow BBS •   • yellow warbler BBS •   • 
least flycatcher BBS •   • yellow-bellied flycatcher BBS •  •  
Lincoln's sparrow BBS •   • yellow-bellied sapsucker BBS •   • 
magnolia warbler BBS •   • yellow-rumped warbler BBS • •  • 

Notes: 1 Refer to Attachment 2B2 for scientific names. 
 2 BBS (breeding bird survey) is noted for all species observed during the 2010 and 2011 breeding bird point counts. Species detected during 

other baseline field surveys during 2011 are noted as follows: BAT = bat surveys; WBS = waterbird survey; FHS = forest hawk survey; WTS = 
winter surveys; and VEG = vegetation surveys. 

 3 Refers to species detected within the 1 km LSA. 
 4 Species not detected within 1km LSA, but was within the RSA. 
 5 Incidental species detected outside the 50 m point count radius, survey period or point count habitat (e.g., flyovers) for breeding bird survey 

detections. Incidental breeding birds observed during other baseline field studies are also included. Additional waterbird, owl and raptor 
species are reported in the relevant sections of this report. 

 6 Species included in the habitat analysis (Section 2B.3.4.6.1). Includes observations detected during the breeding bird point counts in 2010 and 
2011, provided they were detected within the survey period, within the 50 m point count radius, and were not flyovers. Only includes songbirds 
and woodpeckers. 

 
Seventeen avian species that have special conservation status within Alberta were detected within or 
near the LSA during the 2010/2011 breeding bird surveys, including: American green-winged teal 
(incidental); American kestrel (incidental); barred owl (incidental); bay-breasted warbler; black-backed 
woodpecker; black-throated green warbler (incidental); brown creeper; Cape May warbler; common 
nighthawk; common yellowthroat; least flycatcher; northern pintail (incidental); olive-sided flycatcher 
(incidental); pileated woodpecker (incidental); sandhill crane (incidental); western tanager; and western 
wood-pewee. 

Olive-sided flycatcher was the only avian species detected during the breeding bird surveys with a federal 
conservation status designation of concern. Olive-sided flycatcher is listed as Threatened under 
Schedule 1 of the SARA and by COSEWIC (2012a) and designated May Be At Risk provincially (ASRD 
2011c). A single calling olive-sided flycatcher was observed during the 2011 breeding bird survey. 
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Songbird Diversity and Density 
The densities of songbird species detected within or near the 1 km LSA during the breeding bird field 
surveys in 2010 and 2011 are listed in Table 2B-22. Tennessee warblers (56.0 territories/40 ha) had the 
highest average density, followed by yellow-rumped warblers (14.7 territories/40 ha) and Cape May 
warblers (13.5 territories/40 ha). Eight songbird species with special conservation status were detected at 
point count stations in the 1 km LSA (Table 2B-23), including: 

• bay-breasted warbler (2.9 territories/40 ha; ecosite phases d2, e2), detected on 7 occasions; 

• black-backed woodpecker (0.4 territories/40 ha; ecosite phase f3), detected on 1 occasion; 

• brown creeper (0.4 territories/40 ha; ecosite phase d2), detected on 1 occasion; 

• Cape May warbler (13.5 territories/40 ha; ecosite phases d1, d2, d3, e2, e3, f2, f3, g1, h1, j1), 
detected on 32 occasions; 

• common yellowthroat (5.5 territories/40 ha; regenerating burns, regenerating cutblocks, shrubby 
wetlands), detected on 13 occasions; 

• least flycatcher (0.8 territories/40 ha; ecosite phases e2, e3), detected on 2 occasions; 

• western tanager (0.8 territories/40 ha; ecosite phase e2), detected on 2 occasions; and 

• western wood-pewee (0.4 territories/40 ha; ecosite phase i1), detected on 1 occasion. 

Among broad habitat types within or near the 1 km LSA, open wetlands (mainly shrubby wetlands), 
regenerating disturbed habitats (burns and cutblocks 10-30 years) and mixedwood forest had the highest 
density of breeding birds, highest average species richness and highest average diversity (Tables 2B-23 
and 2B-24). Fens and shrubby bogs, along with recent cutblocks (≤10 years), had the lowest territory 
density, average richness and average diversity, although high diversity measures were observed for 
treed bogs. Among upland forested habitat classes, mixedwood forest had the highest density and 
diversity measures while deciduous forest had the lowest. Total richness and diversity measures (i.e., the 
combined sample sites within an ELC) generally parallel average richness and diversity measures; 
however, where discrepancy occurs, average measures should be used since these account for 
differences in survey intensity. Diversity measures should be interpreted with caution since they are not 
necessarily indicative of habitat value for rare species, or species with greater conservation priority. Older 
mixedwood and coniferous forests generally had the highest richness and diversity measures 
(Table 2B-23). Deciduous forest, fens, bogs and disturbed habitats contained the lowest average number 
species with special conservation status, while mixedwood forest, coniferous forest and shrubby wetlands 
contained the highest. 

TABLE 2B-22 
 

SONGBIRD DENSITY BY ELC WITHIN OR NEAR THE LSA IN 2010 AND 2011 

Species1 

Density of Birds by Habitat Type (Number of Territories/40 ha) Average 
Bird 

Density2 Deciduous Mixedwood Coniferous Bog Fen 
Non-peat 
Wetland Disturbed 

alder flycatcher 3.4 --- --- --- --- 42.4 23.1 6.7 
American redstart 6.8 2.0 --- --- --- --- 2.3 1.7 
American robin --- 2.0 --- --- --- 8.5 --- 0.8 
bay-breasted warbler --- 13.7 --- --- --- --- --- 2.9 
black-and-white warbler 3.4 --- --- --- --- 8.5 4.6 1.7 
black-backed woodpecker --- --- 1.5 --- --- --- --- 0.4 
black-capped chickadee --- --- --- --- --- 8.5 --- 0.4 
blue-headed vireo --- 3.9 1.5 --- --- --- 4.6 2.1 
blackpoll warbler --- --- --- --- --- --- 2.3 0.4 
boreal chickadee --- --- --- 8.5 --- --- --- 0.4 
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TABLE 2B-22  Cont'd 

Species1 

Density of Birds by Habitat Type (Number of Territories/40 ha) Average 
Bird 

Density2 Deciduous Mixedwood Coniferous Bog Fen 
Non-peat 
Wetland Disturbed 

alder flycatcher 3.4 --- --- --- --- 42.4 23.1 6.7 
brown creeper --- 2.0 --- --- --- --- --- 0.4 
clay-colored sparrow --- --- --- --- --- --- 4.6 0.8 
cedar waxwing --- 3.9 --- --- --- --- --- 0.8 
chipping sparrow --- 13.7 6.2 --- 11.8 --- 9.3 7.6 
Cape May warbler 10.2 21.5 26.2 --- 3.9 --- --- 13.5 
Connecticut warbler 3.4 --- --- --- --- --- --- 0.4 
common raven 3.4 --- --- --- --- --- --- 0.4 
common yellowthroat --- --- --- --- --- 67.9 11.6 5.5 
dark-eyed junco --- --- 4.6 25.5 11.8 --- 2.3 4.2 
golden-crowned kinglet --- 2.0 1.5 --- --- --- --- 0.8 
grey jay --- 3.9 6.2 25.5 --- --- --- 3.8 
hermit thrush 3.4 --- 1.5 8.5 --- --- 2.3 1.7 
Le Conte's sparrow --- --- --- --- 3.9 --- --- 0.4 
least flycatcher --- 2.0 1.5 --- --- --- --- 0.8 
Lincoln’s sparrow --- --- --- --- 15.7 8.5 4.6 2.9 
magnolia warbler 3.4 3.9 --- --- --- --- 11.6 3.4 
mourning warbler --- --- --- --- --- 8.5 --- 0.4 
northern flicker --- --- --- 8.5 --- --- --- 0.4 
ovenbird 30.6 11.8 --- --- --- --- 11.6 8.4 
palm warbler --- --- 4.6 8.5 7.8 --- 4.6 3.4 
pine siskin --- 3.9 --- --- --- --- --- 0.8 
purple finch --- --- --- --- --- 8.5 --- 0.4 
rose-breasted grosbeak --- 5.9 --- --- --- --- --- 1.3 
red-breasted nuthatch --- 2.0 1.5 --- --- --- 2.3 1.3 
ruby-crowned kinglet --- --- 3.1 8.5 19.6 --- --- 3.4 
red-eyed vireo 10.2 2.0 --- --- --- 8.5 11.6 4.2 
swamp sparrow --- --- --- --- --- 25.5 --- 1.3 
Swainson’s thrush 10.2 11.8 7.7 --- --- 8.5 2.3 6.7 
Tennessee warbler 23.8 58.8 74.1 25.5 50.9 76.4 53.2 56.0 
warbling vireo --- --- --- --- --- 8.5 --- 0.4 
western tanager --- 3.9 --- --- --- --- --- 0.8 
western wood-pewee --- --- --- 8.5 --- --- --- 0.4 
white-throated sparrow --- --- 10.8 --- --- --- 16.2 5.9 
white-winged crossbill --- --- 1.5 --- --- --- --- 0.4 
Wilson’s warbler --- --- --- --- --- 8.5 --- 0.4 
winter wren --- 2.0 9.3 --- 3.9 --- --- 3.4 
yellow-bellied sapsucker 3.4 3.9 6.2 --- --- --- --- 2.9 
yellow-rumped warbler 6.8 11.8 20.1 34.0 23.5 8.5 6.9 14.7 
yellow warbler --- --- --- --- --- --- 2.3 0.4 
All Songbirds 122.2 192.0 189.8 161.3 152.8 305.6 194.5 183.1 
Notes: 1 Grey shading denotes species with special conservation status. Refer to Attachment 2B3 for scientific names. 
 2 Average density of the species for all point count stations surveyed within or near the 300 m LSA. 
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TABLE 2B-23 
 

SONGBIRD DENSITY, SPECIES RICHNESS AND DIVERSITY INDEX BY HABITAT TYPE AND 
STAND AGE WITHIN OR NEAR THE 1 KM LSA DURING THE  

2010 AND 2011 BREEDING BIRD SURVEYS 

Habitat Type Stand Age 
Number of Point 
Count Stations 

Density 
(territories/40 ha) 

Total 
Richness1 

Total 
Diversity1,2 

Avg. Richness3 
(± SD) 

Avg. Diversity2  
(± SD) 

Deciduous Forest Young 15 122.2 14 10 2.3 ± 1.5 2.2 ± 1.4 
Mature & Old 0 --- --- --- --- --- 

Mixedwood Forest Young 14 171.0 16 11.7 2.9 ± 1.2 2.8 ± 1.2 
Mature & Old 12 216.5 16 9.4 3.1 ± 1.8 2.9 ± 1.7 

Coniferous Forest Young 9 135.8 7 4.6 2.0 ± 1.3 1.9 ± 1.2 
Mature & Old 24 210.1 19 9.4 3.1 ± 1.3 2.9 ± 1.2 

Bog Young 0 --- --- --- --- --- 
Mature & Old 6 161.3 10 8.4 2.7 ± 2.2 2.6 ± 2.1 

Fen Young 3 118.8 5 4.7 2.0 ± 2.0 1.9 ± 1.9 
Mature & Old 10 163.0 9 6.7 2.8 ± 1.1 2.8 ± 1.1 

Open Wetland n/a 6 305.6 15 9.6 4.2 ± 2.2 3.9 ± 2.1 
Disturbed ≤10 years 3 152.8 6 5.3 2.0 ± 2.0 1.8 ± 1.9 

>10 years 19 201.0 20 12.7 3.3 ± 0.9 3.2 ± 0.9 
All sites 121 183.1 49 18.3 2.9 ± 1.5 2.7 ± 1.4 

Notes: 1 Total species richness and diversity calculated for all point count survey stations within the habitat type/age category combined. Differences in 
sample size should be considered when comparing between vegetation communities.  

 2 Diversity measures calculated as the exponent of the Shannon-Weaver index (see Section 2B.2.7 for methods). Average diversity is the 
average Shannon-Weaver index per point count station within the habitat type/age category. 

 3 Average richness calculated as the average number of species per point count station within the habitat type/age category. 
  

TABLE 2B-24 
 

SONGBIRD DENSITY, SPECIES RICHNESS AND DIVERSITY INDEX BY HABITAT TYPE AND ELC 
WITHIN OR NEAR THE 1 KM LSA DURING THE 2010 AND 2011 BREEDING BIRD SURVEYS 

Habitat Type ELC 
Number of Point 
Count Stations 

Density 
(territories/40 ha) 

Total 
Richness1 

Total 
Diversity1,2 

Avg. Richness3 
(± SD) 

Avg. Diversity2 
(± SD) 

Deciduous 
Forest 

d1 12 123.1 11 8.3 2.3 ± 1.4 2.2 ± 1.3 
e1 2 50.9 2 2.0 1.0 ± 0.0 1.0 ± 0.0 
f1 1 254.6 5 5.0 5.0 5.0 
Total 15 122.2 14 10.0 2.3 ± 1.5 2.2 ± 1.4 

Mixedwood 
Forest 

d2 13 180.2 18 12.3 2.9 ± 1.4 2.8 ± 1.3 
e2 12 199.5 15 10.1 3.0 ± 1.7 2.9 ± 1.6 
f2 1 254.6 3 2.6 3.0 2.6 
Total 26 192.0 23 12.6 3.0 ± 1.5 2.8 ± 1.4 

Coniferous 
Forest 

d3 5 234.3 9 7.0 3.4 ± 1.3 3.1 ± 1.1 
e3 9 135.8 9 6.2 2.1 ± 1.4 2.0 ± 1.3 
f3 4 127.3 6 5.5 2.0 ± 1.6 1.9 ± 1.5 
g1 7 196.4 11 8.0 3.0 ± 1.4 2.8 ± 1.4 
h1 8 248.3 9 5.5 3.4 ± 1.1 3.1 ± 1.1 
Total 33 189.8 19 8.8 2.8 ± 1.4 2.6 ± 1.3 

Bog i1 4 229.2 9 7.6 3.8 ± 1.7 3.6 ± 1.7 
i2 2 25.5 1 1.0 0.5 ± 0.7 0.5 ± 0.7 
Total 6 161.3 10 8.4 2.7 ± 2.2 2.6 ± 2.1 

Treed Fen j1 8 159.2 9 7.3 2.9 ± 1.2 2.8 ± 1.2 
k1 5 142.6 7 5.3 2.2 ± 1.5 2.1 ± 1.4 
Total 13 152.8 10 7.2 2.6 ± 1.3 2.6 ± 1.3 
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TABLE 2B-24  Cont’d 

Habitat Type ELC 
Number of Point 
Count Stations 

Density 
(territories/40 ha) 

Total 
Richness1 

Total 
Diversity1,2 

Avg. Richness3 
(± SD) 

Avg. Diversity2 
(± SD) 

Open 
Wetland 

k3 1 0.0 0 0 0.0 0.0 
shrubby wetland 5 366.7 15 9.6 5.0 ± 1.0 4.7 ± 0.9 
Total 6 305.6 15 9.6 4.2 ± 2.2 3.9 ± 2.1 

Disturbed regenerating burn 3 186.7 6 5.6 3.0 ± 0.0 2.9 ± 0.1 
cutblock 3 152.8 6 5.3 2.0 ± 2.1 1.8 ± 1.9 
regenerating 
cutblock 

16 203.7 17 11.5 3.3 ± 1.0 3.2 ± 1.0 

Total 22 194.5 21 13.0 3.1 ± 1.2 3.0 ± 1.1 
All sites 121 183.1 49 18.3 2.9 ± 1.5 2.7 ± 1.4 

Notes: 1 Total species richness and diversity calculated for all point count survey stations within the ELC / habitat type combined. Differences in sample 
size should be considered when comparing between vegetation communities.  

 2 Diversity measures calculated as the exponent of the Shannon-Weaver index (see Section 2B.2.7 for methods). Average diversity is the 
average Shannon-Weaver index per point count station within the ELC/habitat type. 

 3 Average richness calculated as the average number of species per point count station within the ELC/habitat type. 

 

2B.3.4.7 Forest Hawk Survey 

A total of 10 raptors were observed during the forest hawk surveys, including 1 northern goshawk, 
1 Cooper’s hawk, 2 sharp-shinned hawks and 6 American kestrels. Raptor detections occurred at 16% 
(n=9) of the 57 broadcast stations that were within the 1 km LSA. The low number of forest hawks 
detected is consistent with other oil sands projects in the area (Canadian Natural Resources Limited 
[CNRL] 2012, Stantec Consulting Ltd. [Stantec] 2011, Stantec 2010, Japan Canada Oil Sands Ltd. 
[JACOS] 2010). Observations of hawks may be limited due to their secretive nature, or by the availability 
of suitable nesting habitat. Habitat associations are not reported since most observations were birds flying 
over the surveyor in response to call playback and, therefore, the originating habitat could not be 
determined without bias. 

Forest hawk species recorded incidentally within the LSA during 2010 wildlife surveys include American 
kestrel (n=2), Cooper’s hawk (n = 1) and northern goshawk (n = 1). An additional northern goshawk 
observation occurred in the RSA, but outside the LSA. Two red-tail hawks (one of which had a nest with 
two nestlings) were also observed in the RSA (but outside the LSA) during the 2010 aerial beaver survey.  
During 2011, incidental observations were recorded within the LSA for American kestrel (n = 5), broad-
winged hawk (n=2), merlin (n = 1), northern goshawk (n=2), red-tailed hawk (n = 3) and sharp-shinned 
hawk (n=1). Additional observations were obtained within the RSA for American kestrel (n = 1), bald 
eagle (n = 1), broad-winged hawk (n = 2) and sharp-shinned hawk (n = 1).  

Diurnal raptor species detected during baseline field surveys with special conservation status include 
northern goshawk, bald eagle (only observed outside the LSA) and broad-winged hawk. These are all 
provincially designated Sensitive in Alberta. 

2B.3.4.8 Waterbird Surveys 

Waterbird species (waterfowl and shorebirds) were detected at 75% (n=3) of the survey sites within the 
300 m LSA. A bufflehead female with brood were observed at one site within the 300 m LSA during 
surveys in both 2010 and 2011. Two shorebird species (sora and Wilson’s snipe) were recorded within 
the LSA during the waterbird survey. Other wetland associated bird species detected within the LSA 
during the waterbird survey include alder flycatcher (1 site), cedar waxwing (1 site), common yellowthroat 
(1 site), Le Conte’s sparrow (2 site), Lincoln’s sparrow (1 site) and swamp sparrow (3 sites). 

Few open water wetlands are present within the 300 m LSA. However, several wetlands were also 
surveyed outside the LSA but within the RSA. Waterbird species recorded only outside the LSA include 
Franklin’s gull, gadwall, northern waterthrush and red-winged blackbird. A summary of the 2010/2011 
waterbird survey results is provided in Tables 2B-25 and 2B-26. 
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Several incidental observations of waterbirds within the LSA were recorded during other baseline wildlife 
field surveys, including Canada goose, common loon (flyover), double-crested cormorant (flyover), 
greater yellowlegs, American green-winged teal, least sandpiper, lesser yellowlegs, sandhill crane, 
semi-palmated plover, short-billed dowitcher, sora, spotted sandpiper and Wilson’s snipe. Several of 
these species (green-winged teal, least sandpiper, lesser yellowlegs, semi-palmated plover, short-billed 
dowitcher, spotted sandpiper, along with several unidentified shorebirds) were observed late in the 
season (July 29, 2011) at a beaver pond where the water level had dropped, creating optimal foraging 
habitat for shorebirds. It is likely these birds were using the habitat as stopover habitat for migration rather 
than breeding in the area. Sandhill cranes were frequently recorded incidentally during the 2011 wildlife 
surveys, with 42 individuals recorded at 24 locations within the 1 km LSA. Two sandhill cranes were also 
observed incidentally within the LSA during the 2010 surveys. Two additional species, the American white 
pelican and northern pintail, were observed incidentally outside the LSA during other surveys in 2011. A 
comprehensive list of incidental bird observations within the LSA and RSA is provided in 
Section 2B.3.4.12. 

For observations within the LSA, American green-winged teal, common yellowthroat, sandhill crane and 
sora are designated Sensitive in Alberta.  For observations outside the LSA, American white-pelican, 
horned grebe and northern pintail are designated as Sensitive in Alberta. The horned grebe is also 
designated Special Concern under Schedule 1 of the SARA and COSEWIC (2012a). There was no 
evidence of horned grebe breeding observed within or near the LSA. The American white pelican 
observation was a flyover; use of habitat within or near the LSA by this species is unlikely given the lack 
of large waterbodies. The observation of northern pintail consisted of a male and female flushed along a 
right-of-way.  

Overall, waterbird diversity and abundance was low throughout the 300 m LSA. There are relatively few 
open waterbodies within the 300 m LSA and those present are relatively small, resulting in low potential 
to support high numbers of waterbirds. The low numbers of waterbirds detected during baseline field 
surveys for the Project are consistent with other oil sands projects in the broader region (CNRL 2012, 
Stantec 2011, Stantec 2010, JACOS 2010). 

TABLE 2B-25 
 

SUMMARY OF 2010/2011 WATERBIRD SURVEY RESULTS WITHIN THE RSA 

Species 
Number of Wetlands Where 

Species Observed 

Number of Birds1 

Male Female 
Young of 
the Year Unclassified 

Total 
Observations 

WATERBIRDS  
bufflehead 2 --- 2 (1) 6 (5) --- 8 (6) 
common loon 1 1 1 2 --- 4 
sora 2 1 1 --- --- 2 
solitary sandpiper 5 --- --- --- 4 (2) 4 (2) 
spotted sandpiper 1 --- --- --- 1 (1) 1 (1) 
Wilson's Snipe 6 3 3 --- 4 (2) 10 (2) 
WETLAND ASSOCIATED SONGBIRDS 
alder flycatcher 3 1 --- --- (2) 1 (2) 
American redstart 1 1 --- --- --- 1 
cedar waxwing 6 --- --- --- 20 (2) 20 (2) 
common yellowthroat 8 12 --- --- (3) 12 (3) 
Le Conte's sparrow 6 10 1 --- (2) 11 (2) 
Lincoln’s sparrow 6 6 --- --- (1) 6 (1) 
northern waterthrush 1 1 --- --- --- 1 
swamp sparrow 10 14 1 --- (5) 15 (5) 
tree swallow 2 2 --- --- (1) 2 (1) 
yellow warbler 1 1 --- --- --- 1 

Notes:  1 Numbers for the 2010 survey are shown in parentheses. Three stations were surveyed in 2010, of which two were again surveyed in 2011. 
Based on 3 survey stations in 2010 and 16 survey stations in 2011. 
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TABLE 2B-26 
 

RESULTS OF THE 2010/2011 WATERBIRD SURVEYS WITHIN THE 300 m LSA 

Site1 ELC Habitat Description Waterbird Species 
Number of Birds2 

Male Female Young of the Year Unclassified 
1 l1, k3 marsh surrounded by 

graminoid rich fen 
(beaver pond) 

bufflehead --- 1 (1) 3 (5) --- 
alder flycatcher (1) --- --- --- 
common yellowthroat 1 --- --- --- 
Le’Conte’s sparrow 1 (1) 1 --- --- 
swamp sparrow 1 (1) 1 --- --- 

2 l1, Shrubby Wetland marsh surrounded by 
shrubby wetland (beaver 
pond) 

Wilson’s Snipe 1 1 --- --- 
sora 1 --- --- --- 
cedar waxwing --- --- --- 4 
swamp sparrow 2 --- --- --- 

3 Anthropogenic dugout along a pipeline 
right-of-way 

bufflehead --- 1 3 --- 
Le Conte’s sparrow 1 --- --- --- 

4 k3 graminoid rich fen swamp sparrow 2 --- --- --- 

Notes: 1 Wetland Site 1 was surveyed in both 2010 and 2011. No other wetlands within the 300 m LSA were surveyed in 2010. 
 2 Values in parentheses represent 2010 values. 
 

2B.3.4.9 Nocturnal Rail Surveys 

No yellow rails were detected during the surveys or incidentally (Table 2B-27). Potentially suitable habitat 
for yellow rails within the LSA is located primarily in the k3 (graminoid rich fen) and l1 (marsh) ecosite 
phases, which represent approximately 0.9% of the 300 m LSA. 

Soras are designated Sensitive in Alberta. Sora calls were detected at 33% (n=2) of the 6 nocturnal rail 
broadcast stations within the LSA (Table 2B-27). During the first survey four soras were detected at two 
stations, both of which were located in flooded margins of beaver ponds. During the second survey, one 
sora was detected at one of the same wetlands with rails during the first survey. Three additional soras 
were observed at 2 of the 12 wetlands surveyed outside the LSA. Incidental rail observations include six 
soras detected during the 2011 forest hawk survey and one sora recorded within the LSA during the 2011 
waterbird survey. The ELCs where soras were detected within the LSA include k3 (graminoid rich fen), l1 
(marsh) and shrubby wetlands. 

No other rail species were observed during the wildlife baseline field surveys in the LSA and RSA. 

TABLE 2B-27 
 

NOCTURNAL RAIL SURVEY OBSERVATIONS WITHIN THE 300 m LSA DURING 2011 

Site ELC1 Habitat Description 

Number of Rails Detected 

Yellow 
Rail 

Sora 
Early Survey Late Survey 

1 

k3 graminoid fen 0 1 0 
j1 treed fen 0 0 0 
l1 emergent marsh 0 0 0 
Shrubby Wetland shrubby wetland 0 1 0 

2 

k3 graminoid fen 0 0 1 
j1 treed fen 0 0 0 
Shrubby Wetland shrubby wetland 0 0 0 
l1 shallow open water 0 2 0 

3 
k3 graminoid fen 0 0 0 
Anthropogenic dugout 0 0 0 

4 Shrubby Wetland shrubby wetland 0 0 Not Surveyed 
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TABLE 2B-27  Cont’d 

Site ELC1 Habitat Description 

Number of Rails Detected 

Yellow 
Rail 

Sora 
Early Survey Late Survey 

5 

i1 treed bog 0 0 Not Surveyed 
k3 graminoid fen 0 0 Not Surveyed 
k2 shrubby fen 0 0 Not Surveyed 
j1 treed fen 0 0 Not Surveyed 
Shrubby Wetland shrubby wetland 0 0 Not Surveyed 

6 
j1 treed poor fen 0 Not Surveyed 0 
k1 treed rich fen 0 Not Surveyed 0 

Total 0 4 1 

Note:  1 Vegetation communities within the 200 m broadcast radius at rail survey stations are reported. 
 

2B.3.4.10 Amphibian Surveys 

Amphibian species were detected at 38 of the 65 nocturnal broadcast stations that were sampled within 
the 1 km LSA (Table 2B-28). The LSA is represented by a large proportion of bogs and fens, which 
provide suitable breeding habitat for amphibians. Western toads (n=90) were the most numerous species, 
detected at 34 of the stations. Boreal chorus frogs (n=43) were detected at 12 of the stations and wood 
frogs (n=4) were observed at 4 of the stations in the 1 km LSA. When all survey stations sampled within 
the entire RSA (including those both inside and outside of the LSA) are considered, western toad was 
detected at 52% of the stations, boreal chorus frog at 21% of the stations and wood frog at 8% of the 
stations (Table 2B-28). 

Other projects in the area range from having considerably fewer western toad observations (e.g., Stantec 
2010, JACOS 2010) to having a similar to slightly lower number of western toad observations (e.g., 
EnCana FCCL Ltd. 2009, Golder 2010, Golder 2011). Projects with fewer western toad observations may 
be closer to the periphery of the western toad range, lack suitable over-wintering habitat, or have some 
other environmental conditions that reduce habitat quality for western toad. Amphibians were most 
frequently detected in disturbed areas (e.g., well pads, seismic lines, cutblocks) during the nocturnal 
surveys (Table 2B-29). 

Nine sites were sampled within the LSA during the diurnal amphibian surveys, including five wetland 
ELCs (i.e., k1, l1; Table 2B-30). Amphibians were observed at all diurnal amphibian survey sites, except 
for one site located within a shrubby wetland (89% detection rate). Western toads were observed at three 
of the sites, wood frogs at eight of the sites and boreal chorus frogs at three of the sites sampled during 
diurnal surveys. Wood frogs were the most commonly observed species during the diurnal amphibian 
surveys. Most of the amphibian observations occurred within marsh (l1) habitat. 

Western toads are designated Special Concern in Canada (COSEWIC 2012a and SARA Schedule 1) and 
Sensitive in Alberta (ASRD 2011c). The LSA occurs within the known range of Canadian toad (May Be At 
Risk; ASRD 2011c). No Canadian toads were detected during the nocturnal broadcast call surveys, 
diurnal amphibian surveys, or incidentally during other baseline field surveys. Canadian toads are 
generally found near large waterbodies during the summer and hibernate in areas with sandy soils 
(Hamilton et al. 1998). Large waterbodies do not occur within the LSA, although suitable breeding habitat 
may occur in the RSA (e.g., McMillan Lake). Coarse textured (i.e., sandy) soils that are potentially 
suitable for Canadian toad hibernation are very limited in the LSA (less than 0.1% within the Soils LSA 
and 0.3% of the Soils RSA; see Terrain and Soils Assessment [Volume 4, Section 4.0]) and situated well 
away from mapped watercourses or waterbodies that might be suitable breeding habitat, suggesting the 
LSA does not provide suitable Canadian toad habitat. Similarly, other oil sands projects in the broader 
region did not detect Canadian toads (Golder 2010, Golder 2011, JACOS 2010, Stantec 2010, Stantec 
2011). 
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Western toads were most commonly observed in disturbed graminoid habitat along existing rights-of-way 
as well as within recent (≤10 years) and regenerating (11-30 years) cutblocks. Evidence of reproductive 
effort (i.e., egg strings and tadpoles) was most commonly observed in disturbed graminoid habitat along 
existing rights-of-way and within marsh (l1) wetland habitat. Although field survey results suggest western 
toads in the LSA and surrounding areas extensively use disturbed areas during the breeding season, the 
surveys were not designed to confirm reproductive success and, therefore, the value of these areas to 
toads cannot be determined. Artificial ponds created by industrial activity ditches, wheel ruts in roads and 
borrow pits are attractive to western toads for breeding because they warm early in the spring; however, 
these shallow habitats potentially act as population sinks since they may dry up too early for successful 
metamorphosis, resulting in low or no juvenile recruitment (Gyug 1996, Stevens et al. 2006). 

The high frequency of amphibians recorded incidentally along rights-of-way was likely due to travel by 
survey biologists being restricted to these areas. This may bias the habitat association data and, 
therefore, may not be a true representation of habitat use within the LSA. Any toad whose estimated 
location fell into an ELC that is not expected to be suitable for breeding toads could be due to an 
inaccurate subjective distance measurement during nocturnal surveys. Another possible explanation is 
that the toad was located in a small wetland within the habitat that is not discernible at the scale of 
available vegetation mapping. 

Considerable rainfall occurred prior to and during the diurnal amphibian survey period. (i.e., during the 
nights between surveys), which likely created pools of standing water along rights-of-way, within 
cutblocks and in natural depressional areas. These shallow pools may attract amphibians for breeding 
since they are often warmer than other deeper, more permanent waterbodies. 

One boreal chorus frog, one western toad and six wood frogs were detected incidentally within the LSA 
during the 2010 field surveys (Table 2B-31). In 2011, western toad adults (n=103) were observed 
incidentally at 52 locations within the 1 km LSA. Western toad tadpoles (n=c.4321) were observed 
incidentally at nine locations and an egg string was observed at one location. Wood frog adults (n=7) 
were observed incidentally at six locations and one location contained tadpoles. Boreal chorus frog adults 
(n=12) were observed incidentally at two locations, with one location containing tadpoles. 

TABLE 2B-28 
 

SUMMARY OF AMPHIBIAN OBSERVATIONS DURING THE  
2011 NOCTURNAL AMPHIBIAN SURVEY 

Species 

1 km LSA RSA 

Number of 
Individuals 

% of Total 
Amphibian 
Detections 

Number of 
Sites 

Detected 
Number of 
Individuals 

% of Total 
Amphibian 
Detections 

Number of 
Sites 

Detected 
% of Sites 
Detected2 

western 
toad 90 65.7 34 113 59.8 38 52.1 

wood frog 4 2.9 4 8 4.2 6 8.2 
boreal 
chorus frog 43 31.4 12 68 36.0 15 20.5 

All 
amphibians 137 100.0 38 189 100.0 42 57.5 

Notes:  1 Percent of sites detected based on a total of 73 nocturnal amphibian survey stations within the RSA, including those within the LSA. 
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TABLE 2B-29 
 

NOCTURNAL AMPHIBIAN SURVEY RESULTS BY ELC WITHIN THE 1 KM LSA 

Habitat Type ELC1 Description 
Western 

Toad 
Wood 
Frog 

Boreal 
Chorus 

Frog Total 
% of 

Observations 
Deciduous 
Forest 

d1 low-bush cranberry Aw 3 --- --- 3 2.2 
e1 dogwood Pb-Aw --- --- --- 0 0.0 
f1 horsetail Pb-Aw 1 --- --- 1 0.7 

Mixedwood 
Forest 

b3 blueberry Aw-Sw --- --- --- 0 0.0 
d2 low-bush cranberry Aw-Sw 4 --- --- 4 2.9 
e2 dogwood Pb-Sw 3 1 --- 4 2.9 
f2 horsetail Pb-Sw --- --- --- 0 0.0 

Coniferous 
Forest 

c1 Labrador tea-mesic Pj-Sb --- --- --- 0 0.0 
d3 low-bush cranberry Sw 1 --- --- 1 0.7 
e3 dogwood Sw 2 --- --- 2 1.5 
f3 horsetail Sw --- --- --- 0 0.0 
g1 Labrador tea-subhygric Sb-Pj 3 --- --- 3 2.2 
h1 Labrador tea/horsetail Sw-Sb 2 --- --- 2 1.5 

Bog i1 treed bog 9 --- --- 9 6.6 
i2 shrubby bog 2 --- --- 2 1.5 

Fen j1 treed poor fen 3 --- --- 3 2.2 
j2 shrubby poor fen 2 --- --- 2 1.5 
k1 treed rich fen 4 --- --- 4 2.9 
k2 shrubby rich fen --- --- --- 0 0.0 

Open Wetland k3 graminoid rich fen 1 --- --- 1 0.7 
l1 marsh 1 --- --- 1 0.7 
Shrubby Wetland shrubby wetland 9 --- 1 10 7.3 

Meadow Meadow upland grassland --- --- --- 0 0.0 
Disturbed Anthropogenic cleared land  

(e.g., well pads, seismic lines) 
25 2 26 53 38.7 

Regenerating Burn regenerating burn --- --- --- 0 0.0 
Cutblock cutblock 0-10 years 11 1 15 27 19.7 
Regenerating 
Cutblock 

cutblock 11-30 years 4 --- 1 5 3.6 

Total 90 4 43 137 100.0 

Notes: 1 Habitat associations are based on triangulations or estimates of distance and bearing and, therefore, some degree of positional error is likely 
to occur. Habitat associations should be interpreted with caution. 

 

TABLE 2B-30 
 

AMPHIBIAN DIURNAL OBSERVATIONS BY HABITAT TYPE WITHIN THE 1 KM LSA 

Dominant ELC 
Habitat Description 
(No. Survey Sites) Developmental Stage Western Toad Wood Frog 

Boreal 
Chorus Frog Total 

anthropogenic dugout 
(1 site) 

larvae --- --- --- 0 
young of year --- --- --- 0 
juvenile --- --- --- 0 
adult --- 2 --- 2 

h1 labrador tea/horsetail Sw-Sb 
swamp 
(1 site) 

larvae --- 1 --- 1 
young of year --- --- --- 0 
juvenile --- --- --- 0 
adult --- --- --- 0 
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TABLE 2B-30  Cont’d 

Dominant ELC 
Habitat Description 
(No. Survey Sites) Developmental Stage Western Toad Wood Frog 

Boreal 
Chorus Frog Total 

k2 shrubby rich fen 
(1 site) 

larvae --- --- --- 0 
young of year --- --- --- 0 
juvenile 1 2 --- 3 
adult --- --- --- 0 

k3 graminoid rich fen 
(2 sites) 

larvae 28 15 3 46 
young of year --- --- --- 0 
juvenile --- 1 --- 1 
adult --- --- --- 0 

l1 marsh 
(3 sites) 

larvae --- 374 37 411 
young of year 7 --- --- 7 
juvenile 1 7 --- 8 
adult 1 2 --- 3 

shrubby wetland shrubby wetland 
(1 site) 

larvae --- --- --- 0 
young of year --- --- --- 0 
juvenile --- --- --- 0 
adult --- --- --- 0 

 

TABLE 2B-31 
 

INCIDENTAL OBSERVATIONS OF AMPHIBIANS WITHIN THE 1 KM LSA DURING 2011 

Species 
Estimated Number of Observations (Number of Sites Observed) 

Eggs Larvae/Young of Year Juveniles Adult 
western toad 1 string (1) 4321 (9) 1 (1) 103 (52) 
wood frog --- 10 (1) --- 7 (6) 
boreal chorus frog --- 50 (1) --- 12 (2) 

 

2B.3.4.11 Species with Special Conservation Status 

Species with special conservation status observed during field surveys are summarized in Table 2B-32 
and locations are illustrated on Figures 2B-15 to 2B-20. A total of 35 species with provincial or federal 
conservation status designations of concern were observed in the RSA. Four species listed under both 
Schedule 1 of the federal SARA and COSEWIC were recorded, including woodland caribou, common 
nighthawk, olive-sided flycatcher (all Threatened) and western toad (Special Concern). Five additional 
species with federal designations under COSEWIC (2012a) were observed, including little brown myotis 
and northern myotis (both Endangered), wolverine and horned grebe (both Special Concern) and barn 
swallow (Threatened). Of the 35 species with special conservation status observed in the RSA, 30 are 
listed as Sensitive in Alberta (ASRD 2011c). Three species are listed as May Be At Risk (northern myotis, 
wolverine and olive-sided flycatcher) and one (woodland caribou) is listed as At Risk in Alberta (ASRD 
2011c). Three of the observed species with special conservation status are listed under the Alberta 
Wildlife Act, including woodland caribou (Threatened), barred owl and black-throated green warbler (both 
Special Concern). 

A list of species with special conservation status that have potential to occur in the RSA is provided in 
Attachment 2B2. Species that were identified as having potential to occur in the RSA that were not 
detected during field surveys include: American bittern; Baltimore oriole; black tern; Canada warbler; 
eastern phoebe; Forster’s tern; great blue heron; great-crested flycatcher; lesser scaup; northern harrier; 
osprey; pied-billed grebe; rusty blackbird; sedge wren; sharp-tailed grouse; short-eared owl; Swainson’s 
hawk; trumpeter swan; western grebe; white-winged scoter; yellow rail; Canadian toad; and red-sided 
garter snake.  
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TABLE 2B-32 
 

SPECIES WITH SPECIAL CONSERVATION STATUS OBSERVED DURING 2010-11 FIELD SURVEYS 

Species 
Provincial 

Status1 Federal Status 

Number 
Locations 
Observed 

within RSA4 

Number of 
Locations 

Observed within 
LSA4 ELCs6 

MAMMALS 
Canada lynx Sensitive --- 38 32 d1, d3, e3, f1, f3, h1, j1, regenerating burn, 

cutblock, regenerating cutblock, anthropogenic 
eastern red bat Sensitive --- 7 6 d3, e3, j1, regenerating cutblock, anthropogenic 
fisher Sensitive --- 7 7 d1, k1, anthropogenic 
hoary bat Sensitive --- 11 9 Widespread / multiple (e.g., d1, d3, i1, k1, 

regenerating cutblocks). Most common near 
beaver ponds and riparian areas.  

little brown myotis5 --- Endangered2 5 confirmed + 
24 probable 

4 confirmed + 23 
probable 

Widespread / multiple (e.g., d1, d3, i1, 
anthropogenic, regenerating burns, regenerating 
cutblocks). Most common near riparian areas. 

northern myotis5 May Be At Risk Endangered2 10 confirmed + 
24 probable 

9 confirmed + 23 
probable 

Widespread / multiple (e.g.,  d1, d2, d3, e2, i1, 
anthropogenic, regenerating burns, regenerating 
cutblocks). Most common near riparian areas.   

silver-haired bat5 Sensitive --- 1 confirmed + 
24 probable 

1 confirmed + 23 
probable 

Widespread / multiple (e.g., d3, e3, i1). Most 
common near beaver ponds and riparian areas.  

wolverine May Be At Risk Special Concern2 4 3 Anthropogenic, cutblock 
woodland caribou At Risk; 

Threatened 
Threatened2,3 6 3 i1, anthropogenic 

OWLS, FOREST HAWKS AND NIGHTHAWKS 
American kestrel Sensitive --- 13 12 cutblock, regenerating cutblock, anthropogenic 
bald eagle Sensitive --- 1 0 not applicable; found outside the extent of ELC 

mapping by the Athabasca River. 
barred owl Sensitive; 

Special 
Concern 

--- 14 13 d2, e1, e2, i1, shrubby wetland, regenerating 
cutblock, anthropogenic 

broad-winged hawk Sensitive --- 4 2 d2, anthropogenic 
common nighthawk Sensitive Threatened2,3 8 6 forages in clearings and above canopy (e.g., e3, 

cutblocks, regenerating cutblocks, anthropogenic) 
great grey owl Sensitive --- 5 3 e3, anthropogenic 
northern goshawk Sensitive --- 4 4 cannot be determined (flybys) 
WATERBIRDS AND RAILS 
American white pelican Sensitive --- 1 0 not applicable, flyover only 
green-winged teal Sensitive --- 4 1 l1 
horned grebe Sensitive Special Concern2 1 0 not applicable; found outside the extent of ELC 

mapping 
northern pintail Sensitive --- 1 0 regenerating cutblock / anthropogenic 
sandhill crane Sensitive --- 25 24 cutblock, anthropogenic 
sora Sensitive --- 15 11 j1, k3, l1, shrubby wetland, anthropogenic 
PASSERINES AND WOODPECKERS 
barn swallow Sensitive Threatened2 1 1 d1 
bay-breasted warbler Sensitive --- 14 13 d2, e2, g1 
black-backed 
woodpecker 

Sensitive --- 5 4 f3, g1, h1, cutblock 

brown creeper Sensitive --- 3 3 d2, e3, j1 
black-throated green 
warbler 

Sensitive; 
Special 
Concern 

--- 3 3 d1, e2 

Cape May warbler Sensitive --- 60 57 d1, d2, d3, e2, e3, f2, f3, g1, h1, i1, j1, shrubby 
wetland, regenerating burn, cutblock, regenerating 
cutblock 

common yellowthroat Sensitive --- 30 21 d3, f1, k3, shrubby wetland, regenerating burn, 
cutblock, regenerating cutblock, anthropogenic 
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TABLE 2B-32  Cont'd 

Species 
Provincial 

Status1 Federal Status 

Number 
Locations 
Observed 

within RSA4 

Number of 
Locations 

Observed within 
LSA4 ELCs6 

least flycatcher Sensitive --- 7 4 e2, e3, j1, cutblock 
olive-sided flycatcher May Be At Risk Threatened2,3 2 1 anthropogenic 
pileated woodpecker Sensitive --- 15 11 d2, e2, f2, j1, regenerating cutblock 
western tanager Sensitive --- 13 9 d3, e2, e3, cutblock 
western wood pewee Sensitive --- 3 2 i1 
AMPHIBIANS 
western toad Sensitive Special Concern2,3 154 120 d1, d2, d3, e2, e3, f1, g1, h1, i1, i2, j1, j2, k1, k2, 

k3, l1, shrubby wetland, regenerating burn, 
cutblock, regenerating cutblock, anthropogenic 

Notes: 1  Provincial designations of Sensitive, May Be At Risk and At Risk are based on the Status of Alberta Wildlife Species (ASRD 2011c). Secure 
status designations are not included. Provincial designations Special Concern and Threatened refer to designations under the Alberta 
Wildlife Act. 

 2 Federal designation based on COSEWIC 2012a. 
 3 Federal designation under Schedule 1 of SARA. 
 4 Multiple observations of the same species that are not spatially distinct (e.g., observations at echolocation monitoring stations, avian point 

count stations, amphibian breeding waterbodies) are reported as a single observation (i.e., location) for the purposes of this table. Locations 
are mapped on Figures 2B-15 to 2B-20. Locations well outside of the LSA are beyond the map extent and are excluded from the figures (e.g., 
1 common nighthawk, 2 broad-winged hawks and 1 horned grebe location). 

 5 The echolocation calls of silver-haired bats and northern myotis cannot reliably be distinguished from big brown bats and little brown myotis, 
respectively. The number of locations where the species complex was detected using echolocation recordings are also reported as ‘probable’, 
since a large proportion of these likely represent detections by the species of interest. Big brown bats do not have special conservation status 
in Alberta, but silver-haired bats are generally more common in northern Alberta. All bat species reported to occur were visually confirmed, 
except for eastern red bats. 

 6 ELCs include locations where the species was detected within the 1 km LSA, and includes both systematic survey and incidental observations. 
Only observations where a habitat association could be determined were included. The ELCs listed are not necessarily indicative of habitat 
quality.  
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Although there is no reason to believe that there are any errors associated with the data used to generate this product or in the product itself,
users of these data are advised that errors in the data may be present.
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Date of Imagery: July 2011 SPOT5 ©2012 CNES, Licensed by BlackBridge Geomatics Corp, www.blackbridge.com

Project Area: Altus Geomatics 2012; Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c. May 2012

t6
7

9
0

_
W

il
d

li
fe

_
F
ig

_
2

B
_

1
8

_
O

b
s
e

rv
e

d
_

S
p

e
c
ie

s_
W

it
h

_
S
p

e
c
ia

l_
C

o
n

s
e

rv
a

ti
o

n
_

P
a

ss
e

ri
n

e
s_

W
o

o
d

p
e

c
k
e

rs
_

R
E

V
0

5
.m

x
d

Athabasca River

Existing Blackrod Road

Watercourse

Waterbody

Project Area

Bird Species with 

Special Conservation Status
!

BARS-barn swallow

BBWA-bay-breasted warbler

BBWO-black-backed woodpecker

BRCR-brown creeper

BTGW-black-throated green warbler

CMWA-Cape May warbler

COYE-common yellowthroat

LEFL-least flycatcher

OSFL-olive-sided flycatcher

PIWO-pileated woodpecker

WETA-western tanager

WWPE-western wood-pewee

SPECIES CODES

Wildlife Local Study Area (1000 m)



!

!!

! !!
!
!

!!!
!

!!

!

!

!

!

!

!

!

!!

!

!
!

!

!! !

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

! !

!!!

!

!

!!

!

!

!
!

!
!

! !

!

!

!

!!

!

!

!

!

!

!

!

!

!

!!
!

!

!
!
!
!

!

!

!
!

!

!

!

!

! !

!

!! !

!

!

!!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

! !

! !

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

RGE.17 W4MRGE.18 W4M

TWP.77

TWP.76

6

3

3

8

2

7

5

4

6

6

7

9

5

8

4

4

8

2

2

4

5

5

8

5

1

7

1

7

2

3

2

4 3

4

6

1

9

6

3

9

6

2

3

9

5

32

26

20

15

25

16

30

20

21

31

35

29

32

27

31

17

30

10

27 26

32

28

32

22

28

27

28

11

28

19

15

33

35

23

15

10

13

11

10

21

24

29

34

11

23

29

31

21

34

23

18
16

12

33

12

34

20

17

33

34

24

19

18

14

23

14

30

36

29

13

35

31

25

22
20

17
15 14

36

30

21

17
14

10

27 26

22
19

18
16

33

26

22
19

18
16

11

35

¯

FIGURE 2B-19

OBSERVED SPECIES WITH SPECIAL CONSERVATION STATUS 

AMPHIBIANS

BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

SCALE:  1: 90,000

(All Locations Approximate)

0 1 2

km

Although there is no reason to believe that there are any errors associated with the data used to generate this product or in the product itself,
users of these data are advised that errors in the data may be present.
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Although there is no reason to believe that there are any errors associated with the data used to generate this product or in the product itself,
users of these data are advised that errors in the data may be present.
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2B.3.4.12 Incidental Observations 

Numerous mammals, birds and amphibian species were observed incidentally during field surveys in 
2010 and 2011. These observations are not collected systematically and, therefore, should not be used 
as a measure of relative abundance. However, they are valuable for determining species presence within 
the study area. Detections of incidental species include visual and auditory observations of individuals, 
feeding signs, scat/pellets, tracks and nesting or bedding sites. Incidental observations are summarized in 
Tables 2B-33, 2B-34 and 2B-35. A complete list of all wildlife detections within the RSA, including both 
incidental observations and systematic survey data, are summarized in Attachment 2B3. 

There were 14 species of mammals, 82 species of birds and 3 amphibian species detected incidentally 
within the LSA during baseline field surveys in 2010 and 2011. Of these, 4 mammals, 18 birds and 
1 amphibian have special conservation status. 

TEK participants noted the increased evidence of wildlife signs at pigging stations within the RSA and 
suggested that the use of chemicals at these locations attract wildlife, which use them as licks. One such 
site was identified in an active well site approximately 90 m from the Project Area; TEK participants 
requested disturbance of the site by BlackPearl be avoided. Similar aggregations of ungulate tracks were 
observed in active well pads and cutblocks at three other locations within the LSA during field surveys. 
These sites are not identified as licks. Refer to the Wildlife Assessment (Volume 4, Section 2.6.1 for 
recommended mitigation measures). 

TABLE 2B-33 
 

INCIDENTAL OBSERVATIONS OF MAMMALS WITHIN THE 1 km LSA 
DURING THE 2010 AND 2011 SURVEYS 

Species Conservation Status 
Observation Type 

Estimated Number of Individuals Visual Other4 

black bear --- 3 7 10 
Canada lynx Sensitive1  27 27 
common porcupine --- 1  1 
coyote --- 2 2 4 
elk --- --- 1 1 
fisher Sensitive1 --- 6 6 
grey wolf --- --- 21 21 
marten --- --- 2 2 
moose --- 2 69 71 
northern flying squirrel --- 2 --- 2 
red fox --- --- 1 1 
red squirrel --- 3 28 31 
snowshoe hare --- 5 7 12 
unidentified deer species --- --- 22 22 
white-tailed deer --- 4 3 7 
wolverine May Be At Risk1 

Special Concern2 
--- 3 3 

woodland caribou At Risk1 
Threatened2,3 

--- 3 3 

Notes: 1  Provincial designations of Sensitive, May Be At Risk and At Risk are based on the Status of Alberta Wildlife Species (ASRD 2011c). Secure 
designations are not included. 

 2 Federal designations based on COSEWIC 2012a. 
 3 Indicates species listed under Schedule 1 of the SARA. 
 4 Includes auditory, tracks, scat, pellets and other observation types. 
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TABLE 2B-34 
 

INCIDENTAL OBSERVATIONS OF BIRDS WITHIN THE LSA 
DURING THE 2010 AND 2011 SURVEYS 

Species Conservation Status Estimated Number of Individuals5 

SONGBIRDS, GROUSE AND WOODPECKERS 
alder flycatcher --- 18 
American goldfinch --- 1 
American redstart --- 4 
American robin --- 18 
barn swallow --- 1 
bay-breasted warbler Sensitive1 7 
black-backed woodpecker Sensitive1 4 
black-capped chickadee --- 2 
black-throated green warbler Sensitive1 

Special Concern1 
3 

blue-headed vireo --- 6 
boreal chickadee --- 4 
brown creeper Sensitive1 3 
Cape May warbler Sensitive1 40 
cedar waxwing --- 43 
chipping sparrow --- 34 
clay-colored sparrow --- 2 
common raven --- 5 
common yellowthroat Sensitive1 21 
Connecticut warbler --- 7 
dark-eyed junco --- 10 
evening grosbeak --- 1 
golden-crowned kinglet --- 5 
grey jay --- 36 
hermit thrush --- 16 
Le Conte's sparrow --- 11 
least flycatcher Sensitive1 3 
Lincoln’s sparrow --- 21 
magnolia warbler --- 3 
mourning warbler --- 2 
northern flicker --- 9 
olive-sided flycatcher May Be At Risk1 

Threatened2,3 
1 

orange-crowned warbler --- 1 
ovenbird --- 53 
palm warbler --- 1 
Philadelphia vireo --- 3 
pileated woodpecker Sensitive1 11 
pine siskin --- 29 
red-breasted nuthatch --- 26 
red-eyed vireo --- 17 
rose-breasted grosbeak --- 4 
ruby-crowned kinglet --- 6 
ruffed grouse --- 11 
spruce grouse --- 2 
Swainson’s thrush --- 72 
swamp sparrow --- 9 
Tennessee warbler --- 86 
tree swallow --- 3 
unidentified woodpecker species --- 2 
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TABLE 2B-34  Cont'd 

Species Conservation Status Estimated Number of Individuals5 
western tanager Sensitive1 9 
white-throated sparrow --- 46 
white-winged crossbill --- 11 
Wilson’s warbler --- 1 
winter wren --- 33 
yellow-bellied flycatcher --- 1 
yellow-bellied sapsucker --- 24 
yellow-rumped warbler --- 26 
HAWKS, OWLS AND NIGHTHAWKS 
American kestrel Sensitive1 7 
barred owl Sensitive1 

Special Concern1 
8 

boreal owl --- 1 
broad-winged hawk Sensitive1 2 
common nighthawk Sensitive1 

Threatened2,3 
9 

Cooper's hawk --- 1 
great grey owl Sensitive1 3 
merlin --- 1 
northern goshawk Sensitive1 3 
red-tailed hawk --- 4 
sharp-shinned hawk --- 1 
WATERBIRDS 
American green-winged teal Sensitive1 3 
bufflehead --- 2 
Canada goose --- 41 
common loon --- 2 
double-crested cormorant --- 1 
greater yellowlegs --- 13 
least sandpiper --- 13 
lesser yellowlegs --- 13 
purple finch --- 2 
savannah sparrow --- 1 
semipalmated plover4 --- 7 
sandhill crane Sensitive1 42 
short-billed dowitcher --- 1 
solitary sandpiper --- 9 
sora --- 6 
spotted sandpiper --- 7 
unidentified shorebird --- 30 
western wood-pewee Sensitive1 1 
Wilson’s snipe --- 20 

Notes: 1 Provincial designations of Sensitive and May Be At Risk are based on the Status of Alberta Wildlife Species (ASRD 2011c). Secure designations are 
not included. Provincial designation of Special Concern refers to status under the Alberta Wildlife Act. 

 2 Federal designation based on COSEWIC 2012a. 
 3 Federal designation under Schedule 1 of the SARA. 
 4 Semipalmated plover were observed only during migration; the RSA is outside this species’ breeding range. 
 5 The estimated numbers are based on the LSA relevant to the species. Songbirds, grouse, woodpeckers, hawks, owls and nighthawks are based on 

the 1 km LSA; waterbird observations are based on the 300 m LSA. 
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TABLE 2B-35 
 

INCIDENTAL OBSERVATIONS OF AMPHIBIANS WITHIN THE 1 km LSA 
DURING THE 2010 AND 2011 SURVEYS 

Species Conservation Status Estimated Number of Detections4 
boreal chorus frog --- 14 (1) 
western toad Sensitive1 

Special Concern2,3 
115 (8) 

wood frog --- 12 (1) 

Notes: 1  Provincial designation in the Status of Alberta Wild Species (ASRD 2011c). 
 2 Federal designation based on COSEWIC 2012a. 
 3 Federal designation under Schedule 1 of the SARA. 
 4 Pools with eggs or tadpoles count as only a single detection; adults were counted as a single detection for each individual recorded. The 

number of pools with eggs or tadpoles are shown in parentheses. 
 

2B.4 Summary 

Baseline information was collected for wildlife in the LSA and RSA during 2010 and 2011. The baseline 
data collection employed a desktop/literature review and systematic field surveys for mammals, birds, 
amphibians and reptiles. Several species with special conservation status were identified as having the 
potential to occur within the 1 km LSA. Thirty-one of these species (9 mammals, 21 birds and 1 
amphibian) were recorded in the LSA during the field surveys. A list of all species that were observed 
during the surveys, including incidentals, and their conservation status is provided in Attachment 2B3.  
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ATTACHMENT 2B1 
 

SUMMARY OF WILDLIFE RESEARCH PERMITS AND COLLECTION LICENCES 
FOR BASELINE FIELD SURVEYS 

 

Survey 
Research 

Permit 
Collection 

Licence Issue Date Expiry Date Data Submitted to FWMIS 
Aerial ungulate surveys and 
winter tracking 

45370 44215 Feb. 3, 2011 Mar. 31, 2011 August 17, 2011  
(ASRD Fish and Wildlife Division Lac La Biche 
Office) 
 
November 7, 2011  
(ASRD Fish and Wildlife Division St. Paul Office) 

Call playback surveys for 
owls, raptors, rails and 
amphibians 

45374 44219 Mar. 2, 2011 Jul. 31, 2011 

Breeding bird point counts, 
waterbird surveys, diurnal 
amphibian surveys 

48594 48010 May 10, 2011 Aug.31, 2011 

Bat mist netting, 
measurement, release and 
echolocation detection 

47996 48004 Apr. 18, 2011 Aug. 31, 2011 
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ATTACHMENT 2B2 
 

WILDLIFE SPECIES THAT HAVE THE POTENTIAL TO OCCUR WITHIN THE RSA 
 

Common Name Scientific Name 
Status Designation1 

ASRD Wildlife Act COSEWIC SARA 
MAMMALS 
American beaver Castor canadensis --- --- --- --- 
American black bear Ursus americanus --- --- --- --- 
American mink Neovison vison --- --- --- --- 
Arctic shrew Sorex arcticus --- --- --- --- 
big brown bat Eptesicus fuscus --- --- --- --- 
Canada lynx Lynx canadensis Sensitive --- --- --- 
common porcupine Erethizon dorsatum --- --- --- --- 
common raccoon Procyon lotor --- --- --- --- 
cougar Felis concolor --- --- --- --- 
coyote Canis latrans --- --- --- --- 
deer mouse Peromyscus maniculatus --- --- --- --- 
dusky shrew Sorex monticolus --- --- --- --- 
eastern red bat Lasiurus borealis Sensitive --- --- --- 
ermine Mustela erminea --- --- --- --- 
fisher Martes pennanti Sensitive --- --- --- 
Franklin's ground squirrel Spermophilus franklinii --- --- --- --- 
grey wolf Canis lupus --- --- --- --- 
Heather vole Phenacomys intermedius --- --- --- --- 
hoary bat Lasiurus cinereus Sensitive --- --- --- 
house mouse Mus musculus --- --- --- --- 
least chipmunk Neotamias minimus --- --- --- --- 
least weasel Mustela nivalis --- --- --- --- 
little brown myotis Myotis lucifugus --- --- Endangered --- 
marten Martes americana --- --- --- --- 
masked shrew Sorex cinereus --- --- --- --- 
meadow jumping mouse Zapus hudsonius --- --- --- --- 
meadow vole Microtus pennsylvanicus --- --- --- --- 
moose Alces americanus --- --- --- --- 
mule deer Odocoileus hemionus --- --- --- --- 
muskrat Ondatra zibethicus --- --- --- --- 
northern bog lemming Synaptomys borealis --- --- --- --- 
northern flying squirrel Glaucomys sabrinus --- --- --- --- 
northern myotis Myotis septentrionalis May Be At Risk --- Endangered --- 
pygmy shrew Sorex hoyi --- --- --- --- 
red fox Vulpes vulpes --- --- --- --- 
red squirrel Tamiasciurus hudsonicus --- --- --- --- 
Richardson's ground squirrel Spermophilus richardsonii --- --- --- --- 
river otter Lutra canadensis --- --- --- --- 
silver-haired bat Lasionycteris noctivagans Sensitive --- --- --- 
snowshoe hare Lepus americanus --- --- --- --- 
southern red-backed vole Clethrionomys gapperi --- --- --- --- 
striped skunk Mephitis mephitis --- --- --- --- 
wapiti (elk) Cervus elaphus --- --- --- --- 
water shrew Sorex palustris --- --- --- --- 
white-tailed deer Odocoileus virginianus --- --- --- --- 
wolverine Gulo gulo May Be At Risk --- Special Concern --- 
woodchuck Marmota monax --- --- --- --- 
woodland caribou, boreal 
population 

Rangifer tarandus pop. 14 At Risk Threatened Threatened Threatened 
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Common Name Scientific Name 
Status Designation1 

ASRD Wildlife Act COSEWIC SARA 
BIRDS 
alder flycatcher Empidonax alnorum --- --- --- --- 
American bittern Botaurus lentiginosus Sensitive --- --- --- 
American coot Fulica americana --- --- --- --- 
American crow Corvus brachyrhynchos --- --- --- --- 
American goldfinch Carduelis tristis --- --- --- --- 
American kestrel Falco sparverius Sensitive --- --- --- 
American redstart Setophaga ruticilla --- --- --- --- 
American robin Turdus migratorius --- --- --- --- 
American white pelican Pelecanus erythrorhynchos Sensitive --- --- --- 
American wigeon Anas americana --- --- --- --- 
bald eagle Haliaeetus leucocephalus Sensitive --- --- --- 
Baltimore oriole Icterus galbula Sensitive --- --- --- 
bank swallow Riparia riparia --- --- --- --- 
barn swallow Hirundo rustica Sensitive --- Threatened --- 
barred owl Strix varia Sensitive Special Concern --- --- 
bay-breasted warbler Dendroica castanea Sensitive --- --- --- 
belted kingfisher Ceryle alcyon --- --- --- --- 
black tern Chlidonias niger Sensitive --- --- --- 
black-and-white warbler Mniotilta varia --- --- --- --- 
black-backed woodpecker Picoides arcticus Sensitive --- --- --- 
black-billed magpie Pica hudsonia --- --- --- --- 
black-capped chickadee Poecile atricapillus --- --- --- --- 
blackpoll warbler Dendroica striata --- --- --- --- 
black-throated green warbler Dendroica virens Sensitive Special Concern --- --- 
blue jay Cyanocitta cristata --- --- --- --- 
blue-headed vireo Vireo solitarius --- --- --- --- 
blue-winged teal Anas discors --- --- --- --- 
bohemian waxwing Bombycilla garrulus --- --- --- --- 
Bonaparte's gull Larus philadelphia --- --- --- --- 
boreal chickadee Poecile hudsonicus --- --- --- --- 
boreal owl Aegolius funereus --- --- --- --- 
Brewer's blackbird Euphagus cyanocephalus --- --- --- --- 
broad-winged hawk Buteo platypterus Sensitive --- --- --- 
brown creeper Certhia americana Sensitive --- --- --- 
brown-headed cowbird Molothrus ater --- --- --- --- 
bufflehead Bucephala albeola --- --- --- --- 
California gull Larus californicus --- --- --- --- 
Canada goose Branta canadensis --- --- --- --- 
Canada warbler Wilsonia canadensis Sensitive --- Threatened Threatened 
canvasback Aythya valisineria --- --- --- --- 
Cape May warbler Dendroica tigrina Sensitive --- --- --- 
cedar waxwing Bombycilla cedrorum --- --- --- --- 
chestnut-sided warbler Dendroica pensylvanica --- --- --- --- 
chipping sparrow Spizella passerina --- --- --- --- 
clay-colored sparrow Spizella pallida --- --- --- --- 
cliff swallow Petrochelidon pyrrhonota --- --- --- --- 
common goldeneye Bucephala clangula --- --- --- --- 
common grackle Quiscalus quiscula --- --- --- --- 
common loon Gavia immer --- --- --- --- 
common merganser Mergus merganser --- --- --- --- 
common nighthawk Chordeiles minor Sensitive --- Threatened Threatened 
common raven Corvus corax --- --- --- --- 
common redpoll2 Carduelis flammea --- --- --- --- 
common tern Sterna hirundo --- --- --- --- 
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common yellowthroat Geothlypis trichas Sensitive --- --- --- 
Connecticut warbler Oporornis agilis --- --- --- --- 
Cooper's hawk Accipiter cooperii --- --- --- --- 
dark-eyed junco Junco hyemalis --- --- --- --- 
double-crested cormorant Phalacrocorax auritus --- --- --- --- 
downy woodpecker Picoides pubescens --- --- --- --- 
eared grebe Podiceps nigricollis --- --- --- --- 
eastern kingbird Tyrannus tyrannus --- --- --- --- 
eastern phoebe Sayornis phoebe Sensitive --- --- --- 
European starling Sturnus vulgaris --- --- --- --- 
evening grosbeak Coccothraustes vespertinus --- --- --- --- 
Forster's tern Sterna forsteri Sensitive --- --- --- 
fox sparrow Passerella iliaca --- --- --- --- 
Franklin's gull Leucophaeus pipixcan --- --- --- --- 
gadwall Anas strepera --- --- --- --- 
golden-crowned kinglet Regulus satrapa --- --- --- --- 
grey jay Perisoreus canadensis --- --- --- --- 
grey partridge Perdix perdix --- --- --- --- 
great blue heron Ardea herodias Sensitive --- --- --- 
great grey owl Strix nebulosa Sensitive --- --- --- 
great horned owl Bubo virginianus --- --- --- --- 
great-crested flycatcher Myiarchus crinitus Sensitive --- --- --- 
greater yellowlegs Tringa melanoleuca --- --- --- --- 
green-winged teal Anas crecca Sensitive --- --- --- 
hairy woodpecker Picoides villosus --- --- --- --- 
hermit thrush Catharus guttatus --- --- --- --- 
herring gull Larus argentatus --- --- --- --- 
hoary redpoll2 Carduelis hornemanni --- --- --- --- 
hooded merganser Lophodytes cucullatus --- --- --- --- 
horned grebe Podiceps auritus Sensitive --- Special Concern --- 
house sparrow Passer domesticus --- --- --- --- 
house wren Troglodytes aedon --- --- --- --- 
killdeer Charadrius vociferus --- --- --- --- 
Le Conte's sparrow Ammodramus leconteii --- --- --- --- 
least flycatcher Empidonax minimus Sensitive --- --- --- 
least sandpiper Calidris minutilla --- --- --- --- 
lesser scaup Aythya affinis Sensitive --- --- --- 
lesser yellowlegs Tringa flavipes --- --- --- --- 
Lincoln's sparrow Melospiza lincolnii --- --- --- --- 
magnolia warbler Dendroica magnolia --- --- --- --- 
mallard Anas platyrhynchos --- --- --- --- 
marsh wren Cistothorus palustris --- --- --- --- 
merlin Falco columbarius --- --- --- --- 
mountain bluebird Sialia currucoides --- --- --- --- 
mourning dove Zenaida macroura --- --- --- --- 
mourning warbler Oporornis philadelphia --- --- --- --- 
Nelson's sharp-tailed sparrow Ammodramus nelsoni --- --- --- --- 
northern flicker Colaptes auratus --- --- --- --- 
northern goshawk Accipiter gentilis Sensitive --- --- --- 
northern harrier Circus cyaneus Sensitive --- --- --- 
northern hawk owl Surnia ulula --- --- --- --- 
northern long eared owl Asio otus --- --- --- --- 
northern pintail Anas acuta Sensitive --- --- --- 
northern saw-whet owl Aegolius acadicus --- --- --- --- 
northern shoveler Anas clypeata --- --- --- --- 
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northern waterthrush Seiurus noveboracensis --- --- --- --- 
olive-sided flycatcher Contopus cooperi May Be At Risk --- Threatened Threatened 
orange-crowned warbler Vermivora celata --- --- --- --- 
osprey Pandion haliaetus Sensitive --- --- --- 
ovenbird Seiurus aurocapilla --- --- --- --- 
palm warbler Dendroica palmarum --- --- --- --- 
Philadelphia vireo Vireo philadelphicus --- --- --- --- 
pied-billed grebe Podilymbus podiceps Sensitive --- --- --- 
pileated woodpecker Dryocupus pileatus Sensitive --- --- --- 
pine siskin Carduelis pinus --- --- --- --- 
purple finch Carpodacus purpureus --- --- --- --- 
red crossbill Loxia curvirostra --- --- --- --- 
red-breasted merganser Mergus serrator --- --- --- --- 
red-breasted nuthatch Sitta canadensis --- --- --- --- 
red-eyed vireo Vireo olivaceus --- --- --- --- 
redhead Aythya americana --- --- --- --- 
red-necked grebe Podiceps grisegena --- --- --- --- 
red-tailed hawk Buteo jamaicensis --- --- --- --- 
red-winged blackbird Agelaius phoeniceus --- --- --- --- 
ring-billed gull Larus delawarensis --- --- --- --- 
ring-necked duck Aythya collaris --- --- --- --- 
ring-necked pheasant Phasianus colchicus --- --- --- --- 
rock pigeon (rock dove) Columba livia --- --- --- --- 
rose-breasted grosbeak Pheucticus ludovicianus --- --- --- --- 
ruby-crowned kinglet Regulus calendula --- --- --- --- 
ruby-throated hummingbird Archilochus colubris --- --- --- --- 
ruddy duck Oxyura jamaicensis --- --- --- --- 
ruffed grouse Bonasa umbellus --- --- --- --- 
rusty blackbird Euphagus carolinus Sensitive --- Special Concern Special Concern 
sandhill crane Grus canadensis Sensitive --- --- --- 
Savannah sparrow Passerculus sandwichensis --- --- --- --- 
Say's phoebe Sayornis saya --- --- --- --- 
sedge wren Cistothorus platensis Sensitive --- --- --- 
sharp-shinned hawk Accipiter striatus --- --- --- --- 
sharp-tailed grouse Tympanuchus phasianellus Sensitive --- --- --- 
short-billed dowitcher Limnodromus griseus --- --- --- --- 
short-eared owl Asio flammeus May Be At Risk --- Special Concern --- 
snow bunting2 Plectrophenax nivalis --- --- --- --- 
snowy owl2 Nyctea scandiaca --- --- --- --- 
solitary sandpiper Tringa solitaria --- --- --- --- 
song sparrow Melospiza melodia --- --- --- --- 
sora Porzana carolina Sensitive --- --- --- 
spotted sandpiper Actitis macularius --- --- --- --- 
spruce grouse Falcipennis canadensis --- --- --- --- 
surf scoter Melanitta perspicillata --- --- --- --- 
Swainson's hawk Buteo swainsoni Sensitive --- --- --- 
Swainson's thrush Catharus ustulatus --- --- --- --- 
swamp sparrow Melospiza georgiana --- --- --- --- 
Tennessee warbler Vermivora peregrina --- --- --- --- 
three-toed woodpecker Picoides dorsalis --- --- --- --- 
tree swallow Tachycineta bicolor --- --- --- --- 
trumpeter swan Cygnus buccinator At Risk Threatened --- --- 
veery Catharus fuscescens --- --- --- --- 
vesper sparrow Pooecetes gramineus --- --- --- --- 
Virginia rail Rallus limicola --- --- --- --- 
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warbling vireo Vireo gilvus --- --- --- --- 
western grebe Aechmophorus occidentalis Sensitive Special Concern --- --- 
western tanager Piranga ludoviciana Sensitive --- --- --- 
western wood-pewee Contopus sordidulus Sensitive --- --- --- 
white-throated sparrow Zonotrichia albicollis --- --- --- --- 
white-winged crossbill Loxia leucoptera --- --- --- --- 
white-winged scoter Melanitta fusca Sensitive Special Concern --- --- 
Wilson's phalarope Phalaropus tricolor --- --- --- --- 
Wilson's snipe Gallinago delicata --- --- --- --- 
Wilson's warbler Wilsonia pusilla --- --- --- --- 
winter wren Troglodytes troglodytes --- --- --- --- 
yellow rail Coturnicops noveboracensis --- --- Special Concern Special Concern 
yellow warbler Dendroica petechia --- --- --- --- 
yellow-bellied sapsucker Sphyrapicus varius --- --- --- --- 
yellow-bellied flycatcher Empidonax flaviventris --- --- --- --- 
yellow-headed blackbird Xanthocephalus 

xanthocephalus 
--- --- --- --- 

yellow-rumped warbler Dendroica coronata --- --- --- --- 
AMPHIBIANS AND REPTILES 
red-sided garter snake Thamnophis sirtalis Sensitive --- --- --- 
boreal chorus frog Pseudacris maculata --- --- --- --- 
Canadian toad Anaxyrus hemiophrys May Be At Risk Undetermined --- --- 
western toad Anaxyrus boreas Sensitive --- Special Concern Special Concern 
wood frog Lithobates sylvaticus --- --- --- --- 

Sources: ASRD 2010b, 2011c, COSEWIC 2012a, Environment Canada 2011b, Federation of Alberta Naturalists 2007, NatureServe 2011, Russell and 
Bauer 1993, Semenchuk 1992 

Note: 1 Only status designations indicating conservation concern are included. 
 2 Common redpoll, hoary redpoll, snow bunting and snowy owl are only likely to occupy the LSA during winter. 
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WILDLIFE SPECIES OBSERVED IN THE RSA DURING THE 2010 AND 2011 SURVEYS 
 

Common Name Scientific Name 
Signs Used to Identify 

Species 
Conservation 

Status1 Number of Detections2 
MAMMALS 
American beaver Castor canadensis tracks, lodge, dam --- 150 
American black bear Ursus americanus visual, scat, claw marks on 

tree 
--- 19 

American mink Neovison vison carcass --- 1 
bat spp. species unidentified visual (flyby) --- 2 
big brown bat / silver-haired 
bat 

species unidentified echolocation recording Sensitive6  
(silver-haired bat) 

24 

Canada lynx Lynx canadensis tracks, scat Sensitive6 43 
common porcupine Erethizon dorsatum visual --- 1 
coyote Canis latrans auditory, tracks --- 37 
deer spp. species unidentified tracks --- 200 
Eastern red bat Lasiurus borealis auditory Sensitive6 7 
elk (wapiti) Cervus elaphus tracks, pellets --- 11 
fisher Martes pennant visual, tracks, scat Sensitive6 7 
grey wolf Canis lupus tracks, kill site --- 33 
hoary bat Lasiurus cinereus visual, echolocation recording Sensitive6 11 
least weasel Mustela nivalis tracks --- 1 
little brown myotis Myotis lucifugus visual Endangered4 9 
marten Martes Americana tracks --- 20 
moose Alces americanus visual, tracks, pellets, beds --- 224 
myotis bat spp. Myotis spp. echolocation recording --- 24 
northern flying squirrel Glaucomys sabrinus visual --- 2 
northern myotis Myotis septentrionalis visual Endangered4 10 
red fox Vulpes vulpes signs --- 1 
red squirrel Tamiasciurus hudsonicus auditory, tracks, middens --- 156 
silver-haired bat Lasionycteris 

noctivagans 
visual Sensitive6 1 

small rodent spp. species unidentified visual; tracks --- 31 
snowshoe hare Lepus americanus visual --- 407 
weasel spp. species unidentified tracks --- 59 
white-tailed deer Odocoileus virginianus visual, pellets, carcass --- 73 
wolverine Gulo gulo tracks, scat Special Concern4 

May Be At Risk6 
4 

woodland caribou, boreal 
population 

Rangifer tarandus tracks, cratering, trails Threatened4,5,7 

At Risk6 
7 

BIRDS 
alder flycatcher Empidonax alnorum auditory, visual --- 40 
American goldfinch Carduelis tristis visual --- 1 
American kestrel Falco sparverius auditory, visual Sensitive6 14 
American redstart Setophaga ruticilla auditory --- 9 
American robin Turdus migratorius auditory, visual --- 26 
American white pelican Pelecanus 

erythrorhynchos 
visual (flyover) Sensitive6 1 

bald eagle Haliaeetus 
leucocephalus 

visual Sensitive6 1 

barn swallow Hirundo rustica visual Threatened4 

Sensitive6 
1 

barred owl Strix varia auditory, visual Sensitive6 

Special Concern7 
15 

bay-breasted warbler Dendroica castanea auditory, visual Sensitive6 15 
black-and-white warbler Mniotilta varia auditory --- 4 
black-backed woodpecker Picoides arcticus visual Sensitive6 5 
blackpoll warbler Dendroica striata auditory --- 1 
black-capped chickadee Poecile atricapillus auditory, visual --- 5 
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black-throated green warbler Dendroica virens auditory Sensitive6 

Special Concern7 
3 

blue-headed vireo Vireo solitarius auditory --- 12 
boreal chickadee Poecile hudsonicus auditory, visual --- 7 
boreal owl Aegolius funereus auditory, feather --- 22 
broad-winged hawk Buteo platypterus visual, feather Sensitive6 4 
brown creeper Certhia americana auditory, visual Sensitive6 4 
bufflehead Bucephala albeola visual --- 25 
Canada goose Branta canadensis auditory, visual --- 41 
Cape May warbler Dendroica tigrina auditory, visual Sensitive6 75 
cedar waxwing Bombycilla cedrorum auditory, visual --- 83 
chipping sparrow Spizella passerina auditory, visual --- 57 
clay-colored sparrow Spizella pallida auditory --- 4 
common loon Gavia immer auditory, visual --- 5 
common nighthawk Chordeiles minor auditory, visual Threatened4,5 

Sensitive6 
11 

common raven Corvus corax auditory, visual --- 8 
common yellowthroat Geothlypis trichas auditory, visual Sensitive6 48 
Connecticut warbler Oporornis agilis auditory --- 8 
Cooper’s hawk Accipiter cooperii visual --- 2 
dark-eyed junco Junco hyemalis auditory, visual --- 20 
double-crested cormorant Phalacrocorax auritus Visual (flyover) --- 1 
duck spp. species unidentified auditory --- 2 
evening grosbeak Coccthraustes 

vespertinus 
Auditory --- 1 

Franklin’s gull Larus pipixcan visual (flyover) --- 4 
gadwall Anas strepera visual --- 2 
golden-crowned kinglet Regulus satrapa auditory --- 7 
grey jay Perisoreus canadensis auditory, visual --- 53 
great grey owl Strix nebulosa auditory, visual, feather Sensitive6 6 
greater yellowlegs Tringa melanoleuca auditory, visual --- 17 
green-winged teal Anas crecca visual Sensitive6 9 
grouse spp. Species unidentified pellets, tracks --- 21 
hairy woodpecker Picoides villosus visual --- 1 
hermit thrush Catharus guttatus auditory --- 19 
horned grebe Podiceps auritus visual Special Concern4 

Sensitive6 
1 

Le Conte’s sparrow Ammodramus leconteii auditory, visual --- 29 
least flycatcher Empidonax minimus auditory Sensitive6 8 
least sandpiper Calidris minutilla visual --- 13 
lesser yellowlegs Tringa flavipes visual --- 13 
Lincoln’s sparrow Melospiza lincolnii auditory --- 37 
magnolia warbler Dendroica magnolia auditory, visual --- 12 
merlin Falco columbarius visual --- 1 
mourning warbler Oporornis philadelphia auditory --- 4 
northern flicker Colaptes auratus auditory, visual --- 13 
northern goshawk Accipiter gentilis visual Sensitive6 5 
northern hawk owl Surnia ulula visual --- 1 
northern pintail Anas acuta visual Sensitive6 2 
northern waterthrush Seiurus noveboracensis auditory --- 1 
olive-sided flycatcher Contopus cooperi auditory Threatened4,5 

May Be At Risk6 
3 

orange-crowned warbler Vermivora celata auditory --- 1 
ovenbird Seiurus aurocapilla auditory --- 79 
owl spp. Species unidentified  --- 4 
palm warbler Dendroica palmarum auditory --- 9 
Philadelphia vireo Vireo philadelphicus auditory --- 4 
pileated woodpecker Dryocupus pileatus auditory, visual, forage trees Sensitive6 16 
pine siskin Carduelis pinus auditory, visual --- 36 
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purple finch Carpodacus purpureus auditory, visual --- 5 
red-breasted nuthatch Sitta canadensis auditory --- 32 
red-eyed vireo Vireo olivaceus auditory, visual --- 28 
red-tailed hawk Buteo jamaicensis visual --- 6 
red-winged blackbird Agelaius phoeniceus visual --- 4 
rose-breasted grosbeak Pheucticus ludovicianus auditory --- 7 
ruby-crowned kinglet Regulus calendula auditory, visual --- 14 
ruffed grouse Bonasa umbellus auditory, visual --- 12 
sandhill crane Grus canadensis auditory, visual Sensitive6 45 
savannah sparrow Passerculus 

sandwichensis 
auditory --- 1 

semi-palmated plover3 Charadrius semipalmatus visual --- 7 
sharp-shinned hawk Accipiter striatus visual --- 3 
shorebird spp. species unidentified visual --- 30 
short-billed dowitcher3 Limnodromus griseus visual --- 1 
solitary sandpiper Tringa solitaria auditory, visual --- 32 
sora Porzana carolina auditory, visual Sensitive6 16 
spotted sandpiper Actitis macularius auditory, visual --- 11 
spruce grouse Falcipennis canadensis visual, pellets --- 2 
Swainson's thrush Catharus ustulatus auditory, visual --- 103 
swamp sparrow Melospiza georgiana auditory, visual --- 28 
Tennessee warbler Vermivora peregrina auditory, visual --- 240 
three-toed woodpecker three-toed woodpecker visual --- 3 
thrush spp. unidentified species auditory --- 1 
tree swallow Tachycineta bicolor auditory, visual --- 12 
warbling vireo Vireo gilvus auditory, visual --- 2 
western tanager Piranga ludoviciana auditory Sensitive6 15 
western wood-pewee Contopus sordidulus auditory Sensitive6 3 
white-throated sparrow Zonotrichia albicollis auditory --- 65 
white-winged crossbill Loxia leucoptera auditory --- 11 
Wilson's snipe  Gallinago delicata auditory, visual --- 45 
Wilson's warbler Wilsonia pusilla auditory, visual --- 2 
winter wren Troglodytes troglodytes auditory --- 42 
woodpecker spp. species unidentified auditory --- 2 
yellow warbler Dendroica petechia auditory --- 2 
yellow-bellied flycatcher Empidonax flaviventris auditory --- 1 
yellow-bellied sapsucker Sphyrapicus varius auditory, visual --- 31 
yellow-rumped warbler Dendroica coronata auditory, visual --- 67 
AMPHIBIANS  
boreal chorus frog Pseudacris maculata auditory, visual --- 129 
western toad Anaxyrus boreas auditory, visual, eggs Special Concern4,5 

Sensitive6 
273 

wood frog Lithobates sylvaticus auditory, visual --- 70 

Sources: Scientific names and status ranks from ASRD 2010b, 2011c, COSEWIC 2012a, Environment Canada 2011b, NatureServe 2011 
Notes: 1 Only status designations indicating conservation concern are included. Where the species was not identified with certainty, no conservation 

status is included . 
 2 Refers to the number of times the wildlife species was detected within the RSA based on visual observations, auditory detection, or other signs 

(e.g., tracks, pellets), and includes both incidental and systematic survey observations. Multiple individuals count as multiple detections with 
the following exceptions: amphibian egg masses, tadpoles, or young-of-year count as a single observation per site; multiple echolocation 
recordings of a bat species count as only one observation per detector site; tracks counted during winter-track transects count as one 
observation per 25 m transect segment for which the species was detected; beaver ponds count as a single observation regardless of whether 
they are currently active; a single adult with offspring counts as two observations. The ‘number of detections’ is only an approximate measure 
of how common a species is within the RSA, as not all individuals/species have equal probability of being reported. 

 3 Observed during migration (the RSA is outside of semi-palmated breeding range). 
 4 Species listed by COSEWIC. 
 5 Species listed under SARA Schedule 1. 
 6 Species listed under the General Status of Alberta Wild Species by ASRD. 
 7 Species listed under Alberta’s Wildlife Act. 
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2C.0 WILDLIFE HABITAT MODELS 

2C.1 Introduction 

Habitat models were used to predict potential effects of the Blackrod Commercial SAGD Project (the 
Project) on wildlife indicators by quantifying changes in habitat suitability and availability. Habitat 
suitability index (HSI) and previously developed resource selection probability function (RSPF) models 
were used to identify the most suitable habitats, predict changes in habitat suitability, identify appropriate 
mitigation measures, and evaluate the potential significance of these changes at the regional scale. 
Model results do not represent actual wildlife use of habitats, but provide a characterization of habitats in 
the study area most likely to be used by a given indicator based on habitat variables that have been 
demonstrated or deemed likely to affect suitability. By identifying habitats predicted to have moderate or 
high value, appropriate mitigation strategies can be developed. HSI models were applied for beaver, 
black bear, fisher, northern goshawk, sandhill crane, old-forest bird community, and western toad 
habitats. RSPF models were used for moose and snowshoe hare (used as a surrogate for lynx) habitats. 

2C.2 Methods 

2C.2.1 Data 

Availability of vegetation community data differs between the LSAs and RSA. Models for the LSA were 
based on Ecological Land Classification (ELC) mapping (refer to the Vegetation Assessment in Volume 4, 
Section 1A.3.1.1). Models for the RSA were based on the lower resolution Land Cover Class (LCC) 
mapping (Volume 4, Section 1A.3.1.4). Wildlife indicators were modeled at both the LSA and RSA scale. 
Although important habitat components (e.g., stand age, structure) could not be inferred from the regional 
data available, the LCC mapping was considered sufficient to adequately predict habitat suitability for the 
purposes of the wildlife assessment. By their nature, all habitat models are limited by the accuracy and 
resolution of the data input. The results of habitat models for this assessment are not expected to be 
exact characterizations of habitat suitability for a given indicator, but are considered appropriate for 
assessing changes in habitat suitability, evaluating the significance of these changes, and identifying 
appropriate mitigation. Where appropriate, model fit was assessed based on wildlife survey data for the 
Project (refer to the Wildlife Baseline Report in Volume 4, Appendix 2B). 

ELC mapping, used for models at the LSA scale, was developed based on Alberta Vegetation Inventory 
(AVI) data, forestry cutblock data, historic wildfire data and field data collected for the Project during 2010 
and 2011 (ASRD 2011b, Alberta Pacific Forest Industries Inc. [Al-Pac] 2010). AVI polygons were 
classified to Ecosite Phase using the ELC system as described in the Field Guide to Ecosites of Northern 
Alberta (Beckingham and Archibald 1996), with additional modifications outlined in Volume 4, 
Section 1A.2.3.1. At the regional scale, LCC mapping was created using image classification from 
LandSat data (United States Geological Survey 2011), and referencing vegetation field data. LCC 
categories were based on the Alberta Ground Cover Classification (AGCC) strata (Sánchez-Azofeifa et al. 
2004). Regional LCC data are raster-based (30 m resolution), and ELC data are vector-based (i.e., 
habitat polygons). Where necessary, ELC data were analyzed as 4 m resolution rasters. Due to 
differences in resolution, area measurements for identical features may differ between the LSA and RSA 
scale. In addition, the LCC system of vegetation communities is broader and more general than the ELC 
classification system and, therefore, there is often no direct comparison between the two classification 
systems. Since the RSA LCC data were derived from satellite imagery, a small proportion of the RSA 
(<0.6%) had no data due to cloud cover and could not be assigned a habitat rating. Refer to 
Section 1A.2.3 of the Vegetation Baseline Report (Volume 4, Appendix 1A) for a description of the 
vegetation community classifications and methods for developing them. 

Hydrology data (i.e., lakes, watercourses, and drainages) were based on the National Hydro Network 
(Natural Resources Canada 2007), and modified, where necessary, to include additional detail. Digital 
elevation data were based on LiDAR for the LSA (Airborne Imaging 2007) and digital elevation model 
(DEM) data for the RSA (AltaLIS Ltd. 2010). 

ELC and LCC maps for the LSA and RSA, respectively, were modified to include known disturbances. 
These included wildfire (≤30 years), cutblocks (≤10 years since harvest) and regenerating cutblocks (11-
30 years since harvest), roads, pipelines, transmission lines, seismic lines, active and inactive well sites, 
compressor stations, oil batteries, other oil and gas facilities, and gravel pits (ASRD 2011b, Al-Pac 2010, 



BlackPearl Resources Inc.  Wildlife Habitat Models 
BlackRod Commercial SAGD Project  Volume 4 - Appendix 2C 

 

 
   

Page 2C-5 
 
 

2012, AltaLIS Ltd. 2011, IHS Inc. 2011a,b,c,d, Natural Resources Canada 2011). Roads were divided into 
primary roads (paved highway), secondary roads (high-use gravel roads), and tertiary roads (low 
use/seasonal roads). 3D seismic lines, cut in winter 2010/2011 for the purpose of resource delineation, 
were included in ELC and LCC maps used to model mammalian and amphibian species, since these may 
be used as travel corridors and foraging sites, but not for the avian indicator species, which were 
assumed not to perceive these narrow, low-impact disturbances. ELC and LCC maps were further 
modified for the Application Case and Planned Development case to incorporate the Project Area (Altus 
Geomatics 2012), and for the Planned Development Case to incorporate future cutblocks (Al-Pac 2012, 
Millar Western Forest Products 2012). 

2C.2.2 Habitat Suitability Index Models 

The purpose of HSI models is to provide a relative numerical value or importance rating to a given habitat 
type or study area (Salmo et al. 2001). HSI models evaluate habitat suitability for indicator species with 
an index, which provides an indication of the capacity of habitat components to supply the life requisites 
of the indicator species considered (US Fish and Wildlife Service [USFWS] 1980a,b). HSI models are 
developed using measurable habitat variables (e.g., percent canopy closure), which are selected based 
on available literature, data and professional judgement (USFWS 1981). A suitability index value ranging 
from 0 (unsuitable habitat) to 1 (optimal habitat) was assigned to each variable. The HSI models combine 
the habitat variables accounting for relative importance (e.g., by weighting variables with more 
importance) and relationships between variables. The resultant HSI values were converted to suitability 
ratings to identify unsuitable (Nil), Low, Moderate or High habitat suitability. Habitat suitability ratings were 
determined for each indicator species. The HSI values and ratings were used to obtain a measure of 
suitable habitat (i.e., a quantification of habitat suitability and quantity) within the LSA and RSA. 

Some species may avoid or reduce habitat use in proximity to human disturbance even if suitable habitat 
features are present. This is considered indirect habitat disturbance, or a change in habitat effectiveness. 
The area of avoidance or reduced use in proximity to disturbance is referred to as a zone of influence, 
which varies depending on the species sensitivity, the type, intensity and duration of the disturbance, and 
the ability of the surrounding habitat to buffer the disturbance (e.g., topography and vegetation). 
Disturbance coefficients were applied to HSI values within identified zones of influence, where 
appropriate, such that the habitat suitability index decreases closer to anthropogenic disturbance. The 
resultant outputs were categorized into Nil, Low, Moderate and High suitability habitat ratings 
(Section 2C.2.4). 

2C.2.3 Resource Selection Probability Function Models 

Resource Selection Probability Function (RSPF) models predict the probability of a wildlife species’ 
occurrence as a function of the availability of resource or habitat variables (e.g., vegetation cover, slope, 
moisture regime, road density, etc.), and are based on empirical use-availability data. RSPF models are 
surrogates for habitat mapping. In principle, resource selection functions can be extrapolated to other 
areas of similar ecology and land use (Salmo et al. 2001). Two previously developed RSPF models were 
extrapolated for the assessment of moose habitat (Wasser et al. 2011) and snowshoe hare habitat (Keim 
et al. 2011), which was used as a surrogate indicator of lynx occupancy and as a primary prey species 
that supports predator populations. The resultant model outputs were categorized into Low, Low-
Moderate, Moderate-High and High suitability habitat ratings (Section 2C.2.4). 

2C.2.4 Habitat Suitability Ratings 

Information on habitat associations was sufficient to support a 4-point habitat suitability rating for the 
indicator species being modeled. Ratings of ‘Nil’, ‘Low’ or ‘Low-Moderate’ indicate an area is predicted to 
have below average use by the indicator species. Ratings of Moderate, Moderate-High, or High are 
predicted to have average or above average use by the indicator species (i.e., use is predicted to be 
greater relative to expected use as the habitat suitability rating increases). Ratings for HSI models are 
summarized in Table 2C-1. Habitat suitability for moose and snowshoe hare in the LSA (based on 
published RSPF models) was rated based on a modified version of the habitat suitability ratings used for 
HSI models. Ratings for RSPF-based models are categorized as Low, Low-Moderate, Moderate-High and 
High. For the purpose of assessing model fit, expected use (i.e., if use was random) is based on survey 
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coverage (e.g., if 50% of the survey area had a suitability rating of High, then 50% of the observations 
would be expected to be associated with that habitat rating if habitat use were random). 

TABLE 2C-1 
 

HABITAT SUITABILITY RATINGS FOR HSI MODELS 

HSI Rating1 Category Description/Prediction 
0 - 0.249 Nil Habitat is not predicted to meet minimum requirements for the species. Use is 

anticipated to be rare, or when used, the habitat is not anticipated to provide basic 
resources required for survival.  

0.249 - 0.499 Low Habitat is not optimal for species persistence; however, these areas may still provide 
some resources required for survival.  

0.499 - 0.749 Moderate Habitat meets a species’ basic requirements, but is not considered optimal. 
0.749 - 1.0 High The highest quality (i.e., optimal) habitat. Meets all of a species’ requirements; relative 

use of these areas is predicted to be greater than the other habitat suitability ratings. 

Note: 1 For sandhill crane, an HSI rating of ‘0’ corresponds to Nil, and a rating of >0 - 0.499 corresponds to Low.  
 

2C.3 Beaver 

Beaver structures and ponds have considerable effects on the ecological structure of the RSA. Many 
other species rely either partly or entirely on habitat created by beaver ponds. In addition, beavers are 
managed as furbearers, have traditional and cultural value for Aboriginal communities, and are 
representative of wetland and riparian wildlife. An HSI habitat model was constructed based on available 
literature on habitat associations, as well as previously published models for beaver habitat in northern 
Alberta.  

2C.3.1 Habitat Requirements 

Suitable beaver habitat must, at a minimum, provide sufficient forage to provide for summer feeding as 
well as the establishment of a winter food cache (Boyce 1981). In addition, the size and depth of water 
surrounding beaver lodges must be sufficient to provide protection from predators, conceal food caches, 
and ensure beavers can access food caches throughout the winter. Beavers opportunistically feed on 
herbaceous and woody vegetation throughout the year (Jenkins 1981). Herbaceous vegetation, such as 
the leaves of trees, grasses, rhizomes, roots, and aquatic vegetation, appear to be preferred over woody 
vegetation, and may comprise the majority of the summer diet (Jenkins 1981). Woody vegetation, 
including bark, twigs, and small stems, comprises the majority of the winter diet, since herbaceous 
vegetation is typically not available (Busher 1996). Willow and aspen are often preferred over other 
woody plants, but beavers may opportunistically feed on a variety of species, such as pine, birch, and 
alder (Jenkins 1981, Doucet and Fryxell 1993).  

Beavers are central place foragers, with foraging intensity decreasing with distance from the water’s 
edge. In northern Alberta, Martell et al. (2006) found that 90% of beaver foraging occurred within 40 m of 
the water’s edge. In general, beavers feed on progressively smaller vegetation as the distance from the 
water’s edge increases, likely because of the greater handling time of large food items and the increased 
risk of predation (Jenkins 1980).  

Stream and bank gradient have a strong influence on beaver habitat suitability. Topographic gradient 
must be low enough to permit the damming of water courses, allow the mobility of beavers along off-
shore foraging areas, and promote the growth of food plants (Slough and Sadleir 1977, McComb et al. 
1990, Shell 2009). As a result, habitat suitability generally decreases with increasing slope. Retzer (1956) 
reported that optimal beaver habitat had a slope less than 6%, although slopes less than 15% may still be 
suitable. Sites with suitable topographic and hydrological properties may be important long-term 
resources for beavers. However, dam locations may be characterised by a recurring cycle of dam 
establishment, abandonment, and re-establishment (Martell et al. 2006). This pattern is likely caused by 
the depletion of food resources by beavers, resulting in dam abandonment, followed by eventual 
regeneration of food resources. Therefore, sites where beavers presently do not occur may still represent 
important beaver habitat. 
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2C.3.2 LSA and RSA Beaver Model 

The beaver habitat suitability index includes three components: distance to riparian or wetland habitat 
(SIriparian), a slope suitability index (SIslope), and a cover suitability index (SIcover). 

HSIbeaver = SIriparian x SIslope x SIcover 

2C.3.2.1 Riparian Suitability Index 

Beavers generally do not venture far from established water courses or permanent wetlands (Martell et al. 
2006). Sites within 90 m of water courses, lakes, or other wetlands are given a suitability index rating of 
1.0 (most suitable). Sites within 90 m to 200 m of water courses, lakes, or other wetlands are given a 
suitability index rating of 0.5. Sites farther than 200 m from wetlands are assumed to be unavailable to 
beaver. Wetlands were based on national hydrological network data and hydrology mapping for the 
Project. 

2C.3.2.2 Slope 

The slope of stream banks is known to influence habitat suitability for beavers. Slopes greater than 14% 
are assumed to be unsuitable for beaver, while slopes less than 6% are assumed to be optimal 
(Retzer 1956). 

Slope suitability indices were applied as follows: 

• <6% slope: suitability index = 1.0 

• 6-14% slope: suitability index = 0.8 

• >14% slope: suitability index = 0.1 

2C.3.2.3 LSA Cover Suitability Index 

ELC categories for the Wildlife LSA were assigned cover suitability indices based on the likelihood that a 
particular area would support beaver (Table 2C-2). Indices were based on published literature, 
professional judgement, and the results of baseline vegetation field survey data (Volume 4, Appendix 1A). 

Deciduous stands (d1, e1, f1) provide high food availability, suitable forage for construction of an 
overwinter food cache, and material for construction of dams and lodges. These stands were, therefore, 
given a cover suitability index of 1.0 (optimal habitat suitability). Shrubby rich fens (k2) and fegenerating 
cutblocks were also given a cover suitability index of 1.0, since field data indicate they have very high 
cover of willow and other suitable forage species, and likely still contain suitable material for construction 
of dams and lodges. 

Mixedwood stands (b3, d2, e2, f2) contained fewer suitable forage plants, but may still be suitable for 
beaver habitat. This habitat was given a cover suitability index of 0.7 (moderate habitat suitability). ELC 
classes h1, j1, k1, and cutblock (≤ 10 years) were also given a suitability index of 0.7, since these sites 
contained high amounts of willow or other suitable forage species.  

Conifer stands generally contained low cover of suitable forage species. Conifer dominated sites (c1, d3, 
e3, f3, g1, i1) were given a cover suitability index of 0.4 (low habitat suitability). In addition, shrubby bogs 
(i2) were given a cover suitability index of 0.4, since they have low cover of suitable forage species. 

Sites dominated by herbaceous vegetation, including graminoid fens (k3) and Anthropogenic (i.e. 
pipelines, seismic lines), were given a suitability index of 0.6 (Moderate), since they likely provide high 
amounts of summer forage, but are associated with reduced availability of woody vegetation. Shrubby 
wetlands, shrubby poor fens (j2), and regenerating burns were also given a cover suitability index of 0.6, 
since they provide suitable summer forage and/or moderate cover of willow or alder species. 
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TABLE 2C-2 
 

COVER SUITABILITY INDEX VALUES BY ELC FOR THE LSA BEAVER MODEL 

Ecosite Phase Description SIcover 
b3 Blueberry Aw-Sw 0.7 
c1 Labrador tea-mesic Pj-Sb 0.4 
d1 Low-bush cranberry Aw 1.0 
d2 Low-bush cranberry Aw-Sw 0.7 
d3 Low-bush cranberry Sw 0.4 
e1 Dogwood Pb-Aw 1.0 
e2 Dogwood Pb-Sw 0.7 
e3 Dogwood Sw 0.4 
f1 Horsetail Pb-Aw 1.0 
f2 Horsetail Pb-Sw 0.7 
f3 Horsetail Sw 0.4 
g1 Labrador tea-subhygric Sb-Pj 0.4 
h1 Labrador tea/horsetail Sw-Sb 0.7 
i1 Treed bog 0.4 
i2 Shrubby bog 0.4 
j1 Treed poor fen 0.7 
j2 Shrubby poor fen 0.6 
k1 Treed rich fen 0.7 
k2 Shrubby rich fen 1.0 
k3 Graminoid rich fen 0.6 
l1 Marsh 0.6 
Meadow Meadow 0.6 
SONS Shrubby Wetland 0.6 
Disturbed Regenerating burn 0.6 

Cutblock 0.7 
Regenerating Cutblock 1.0 
Anthropogenic (seismic lines, 
pipelines, transmission lines) 

≤0.6 

 

2C.3.2.4 RSA Cover Suitability Index 

Cover suitability indices for beaver were assigned to the RSA LCC classes following similar rationale as 
for the ELCs (Table 2C-3). The greatest cover of optimal forage species were assumed to occur in closed 
aspen, balsam, pine, and birch (55), closed upland shrub (63), and regenerating cutblock communities. 
closed coniferous and deciduous (58) mixedwood stands, wooded fen (89), and cutblocks (≤ 10 years) 
were given a suitability rating of 0.7 (Moderate), since these sites have moderately-high cover of suitable 
forage species, but typically lower than more deciduous dominated communities. Conifer stands, 
including black spruce (51), closed pine (52), closed white spruce (53), and black spruce bog (86) were 
given a cover suitability index of 0.4 (low habitat suitability), which reflect the generally low cover of 
suitable forage species. 

Sites dominated by herbaceous vegetation, including mixed grasslands (72), graminoid wetlands (82), 
and non-active disturbed sites (i.e. pipelines, seismic lines) were given a suitability index of 0.6 
(Moderate) as they likely provide high amounts of summer forage, but are associated with reduced 
availability of woody vegetation needed for winter food caches. Shrubby wetlands (83) and burns were 
given a cover suitability index of 0.6, since they provide moderate cover of suitable summer forage and/or 
willow or alder species. 
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TABLE 2C-3 
 

COVER SUITABILITY INDEX VALUES BY LCC FOR THE RSA BEAVER MODEL 

LCC LCC Description SIcover 
6 Rivers and Lakes 0.0 

51 Black Spruce 0.4 
52 Closed Pine 0.4 
53 Closed White Spruce 0.4 
55 Closed Aspen, Balsam Poplar, or Birch 1.0 
58 Closed Coniferous and Deciduous (40-60%) 0.7 
63 Closed Upland Shrub 1.0 
72 Mixed Grassland 0.6 
82 Graminoid Wetlands 0.6 
83 Shrubby Wetlands 0.6 
86 Black Spruce Bog (sphagnum understory) 0.4 
89 Wooded Fen 0.7 

Disturbed Cutblock 0.7 
Regenerating Cutblock 1.0 
Regenerating Burn 0.6 
Other Anthropogenic (e.g., seismic lines, pipelines, 
transmission lines, etc.) 

≤0.6 

 

2C.3.3 Anthropogenic Disturbance 

The footprint of anthropogenic sites lacking vegetative cover, or sites that are likely to result in human-use 
conflicts, were given a habitat suitability rating of Nil. These include highways, secondary roads, tertiary 
roads, oil and gas facilities, gravel pits, and well sites. 

2C.3.4 Model Fit / Validation 

The number of beaver observations within or near the LSA was too few to adequately assess model fit. 
However, available data support there being a good fit for both the LSA and RSA model (Figures 2C-1 
and 2C-2). As predicted, the proportion of use of higher suitability habitat was much higher (relative to 
expected use) than lower suitability habitat. Model fit was evaluated using known beaver locations in the 
LSA and RSA. Model fit was evaluated using beaver locations within the 1 km LSA for both the LSA and 
RSA model. The entire 1 km LSA was assumed to be searched for beaver, and, therefore, expected use 
was based on 100% coverage within this area. 
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Figure 2C-1 LSA beaver model fit based on field survey data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of dams and lodges. The ratio of actual:expected should 
increase for higher suitability habitat, provided the model is appropriate for predicting 
the likelihood of beaver habitat use at survey locations. 

 

 

Figure 2C-2 RSA beaver model fit based on field survey data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of dams and lodges. The ratio of actual:expected should 
increase for higher suitability habitat, provided the model is appropriate for predicting 
the likelihood of beaver habitat use at survey locations.  
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2C.4 Black Bear 

Black bears are designated Secure in Alberta (ASRD 2011a), and are listed as a Priority 2 wildlife 
indicator by the CEMA (2002). Black bears are an important species of management consideration due to 
their importance for traditional use and predator-prey interactions (particularly related to ungulates; 
Mosnier et al. 2008, Latham et al. 2011). 

2C.4.1 Habitat Requirements 

Bears are omnivorous and generalist foragers, feeding opportunistically on available food resources 
within their home range. Plant material typically forms the majority of the diet throughout the year, but 
other foods such as ants, carrion, or other animals, are opportunistically consumed, and are important 
components of bear diets. In some areas, bears are the main predators of ungulates, especially during 
the spring calving season when calves are most vulnerable (Mosnier et al. 2008). Herbaceous vegetation, 
especially graminoids and forbs, comprise the majority of their diet during spring and early summer 
(Hatler 1972, Raine and Kansas 1990, Costello and Sage 1994, Mosnier et al. 2008). Among forbs, 
dandelions, horsetail, sarsaparilla, and vetchling have been observed to be important early-season food 
sources (Hatler 1972, Pelchat and Ruff 1986, Raine and Kansas 1990, Mosnier et al. 2008). During late 
summer and fall, berries become important food resources, and provide energy for the accumulation of 
fat-stores needed for winter hibernation by black bear. The availability of a variety of berry species in an 
area may be important for habitat suitability by providing a more stable food supply (Rogers and Allen 
1987, Mosnier et al. 2008). 

Habitat associations of bears follow the phenologies of different food resources (Mosnier et al. 2008). 
During spring and early summer, bears prefer areas where graminoids and forbs are likely to occur. 
These areas typically coincide with relatively open areas that receive greater sun exposure, such as 
wetlands, burns, and linear corridors, including roads and seismic lines (Mosnier et al. 2008, Latham et al. 
2011). During the late-summer, bears move to areas where berries are more common, which are more 
likely to be associated with upland forest and regenerating burns and clearcuts (Obbard and Kolenosky 
1994, Brodeur et al. 2008, Mosnier et al. 2008). Young coniferous forest, bogs and nutrient-poor fens are 
likely to be avoided by bears during all seasons, since these habitats are unlikely to provide suitable 
herbaceous vegetation or berry-producing species (Latham et al. 2011, Pelchat and Ruff 1986). Black 
bears often make extensive use of boreal forest clearcuts, especially during the summer and fall, once 
fruit begins to ripen (Obbard and Kolenosky 1994, Brodeur et al. 2008, Mosnier et al. 2008).  

Black bears typically evade predators or other threats by climbing trees. The availability of large-diameter 
trees is, therefore, assumed to be an important determinant of habitat suitability (Rogers and Allen 1987, 
Zapisocki et al. 1998). Bears appear to avoid clearcuts and other openings if escape cover, consisting of 
large diameter trees, is not present nearby. Reduced bear activity was observed in clearcuts if the 
distance exceeded 100 m to 200 m from the forest edge (Rogers and Allen 1987, Zapisocki et al. 1998, 
and references therein). Tree cover may additionally provide important thermal refuge during hot days.  

Features such as roadways, pipelines, seismic lines, transmission lines, trails, well pads, and other 
clearings, may provide navigation routes and suitable foraging areas for bears (Maxie 2009, Mosnier et 
al. 2008, Latham et al. 2011). Edible vegetation such as grasses, dandelions, and vetchling, are typically 
common on these features, and may provide an important food source, especially during spring when 
food is limited (Maxie 2009, Mosnier et al. 2008). Areas closer to linear features and areas with a greater 
density of linear features had greater selection by black bears during spring in north-eastern Alberta 
(Latham et al. 2011). Bears selected sites close to low-use roads in the boreal forest of Quebec during 
spring, but avoided more active forestry roads during summer and fall (Mosnier et al. 2008). Maxie (2009) 
found that bears positioned home ranges closer to tertiary (low-use) roads during spring, presumably to 
take advantage of foraging opportunities, and were not negatively affected by roads or trails during any 
season. Negative association with roads has been observed in other studies (e.g., Gaines et al. 2005); 
however, this may be the result of increased hunting pressure, traffic collisions, and other human conflicts 
that tend to be associated with roadways (Maxie 2009).  
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2C.4.2 LSA and RSA Black Bear Model 

The black bear HSI model for the LSA and RSA is based on two components: a forage suitability index 
(SIforage) and a cover suitability index (SIcover). Optimal bear habitat must have both high food availability 
and be close to appropriate escape cover. The final habitat suitability index was calculated as follows: 

HSIbear = SIforage x SIcover 

2C.4.2.1 Foraging Habitat (SIforage) 

Because of seasonal variation in foraging habitat selection, separate foraging habitat suitability indices 
were calculated for the early (spring/early summer) and late season (late summer and fall) (Tables 2C-4 
and 2C-5). SI calculations for the foraging component were adapted from Rogers and Allen (1987), but 
excluded a hard-mast component, since nut-bearing trees are scarce in northeastern Alberta. Early-
season foraging suitability indices were calculated by assuming that areas with at least 25% cover of 
preferred food items (graminoids, horsetail, vetchling, sarsaparilla, fireweed) were optimal (SI = 1), with 
areas having less cover receiving lower suitability index values (Figure 2C-3). Late-season foraging 
suitability was calculated based on the geometric mean of two indices, one based on the number of berry-
producing species, and another based on the percent ground cover of berry-producing species (Figure 
2C-4). Species presence and ground cover data were based on median results from vegetation surveys 
conducted within the LSA for a representative sample of each ELC. Seasonal foraging indices were 
scaled by dividing all indices by the maximum observed suitability index. All polygons with the same land-
cover class received the same foraging suitability index value. Values were established using the same 
method for both the LSA and RSA. 

 

Figure 2C-3 Relationship between percent cover of spring forage (graminoids, forbs) and early-
season forage suitability index values used for the black bear models. 
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Figure 2C-4 Relationship between the number (left) and percent cover (right) of berry producing 
species and late-season forage suitability indices used for the black bear models. 
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The final suitability index for foraging habitat (SIforage) at the LSA scale is calculated as: 

2  

 
TABLE 2C-4 

 
FORAGING SUITABILITY INDEX VALUES BY ELC FOR THE LSA BLACK BEAR MODEL 

Ecosite phase Description Early-Season SI 
Late-Season 

SI 
Average SI 

(SIforage) 
b3 Blueberry Aw-Sw 0.53 1.00 0.73 
c1 Labrador tea-mesic Pj-Sb 0.39 1.00 0.62 
d1 Low-bush cranberry Aw 0.44 0.99 0.66 
d2 Low-bush cranberry Aw-Sw 0.36 0.58 0.45 
d3 Low-bush cranberry Sw 0.25 0.64 0.40 
e1 Dogwood Pb-Aw 1.00 0.43 0.66 
e2 Dogwood Pb-Sw 0.62 0.39 0.49 
e3 Dogwood Sw 1.00 0.65 0.81 
f1 Horsetail Pb-Aw 1.00 0.82 0.91 
f2 Horsetail Pb-Sw 1.00 0.37 0.61 
f3 Horsetail Sw 1.00 0.52 0.72 
g1 Labrador tea-subhygric Sb-Pj 0.25 0.51 0.36 
h1 Labrador tea/horsetail Sw-Sb 1.00 0.68 0.83 
i1 Treed bog 0.27 0.66 0.42 
i2 Shrubby bog 0.30 0.58 0.41 
j1 Treed poor fen 0.75 0.36 0.52 
j2 Shrubby poor fen 1.00 0.69 0.83 
k1 Treed rich fen 1.00 0.14 0.38 
k2 Shrubby rich fen 1.00 0.13 0.37 
k3 Graminoid rich fen 1.00 0.15 0.38 
l1 Marsh 1.00 0.13 0.37 
Meadow Meadow 1.00 0.50 0.71 
SONS Shrubby Wetland 1.00 0.13 0.37 
Disturbed Regenerating Burn 0.27 0.63 0.41 

Regenerating Cutblock (11-30 years) 1.00 0.43 0.65 
Cutblock (0-10 years) 1.00 0.74 0.86 
Other Anthropogenic (tertiary roads, 
pipelines, seismic lines, well sites, 
etc.) 1.00 0.74 0.86 

 

TABLE 2C-5 
 

FORAGING SUITABILITY INDEX VALUES BY LCC FOR THE RSA BLACK BEAR MODEL 

LCC LCC Description Early-season SI Late-season SI 
Average SI 

(SIforage) 
6 Rivers and Lakes 0.00 0.00 0.00 

55 Closed Aspen, Balsam Poplar, or 
Birch 

0.53 0.68 0.60 

58 Closed Coniferous and Deciduous 
(40-60%) 

0.52 0.54 0.53 

53 Closed White Spruce 0.26 0.54 0.37 
52 Closed Pine 0.25 0.50 0.36 

51,86 Black Spruce / Black Spruce Bog 
(sphagnum understory) 

0.49 0.76 0.61 

89 Wooded Fen 0.77 0.19 0.38 
83 Shrubby Wetlands 1.00 0.27 0.52 
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TABLE 2C-5  Cont'd 

LCC LCC Description Early-season SI 

Late-season 

SI 

Average SI 

(SIforage) 

82 Graminoid Wetlands 1.00 0.46 0.68 

63 Closed Upland Shrub 1.00 0.33 0.58 

72 Mixed Grassland 0.92 0.69 0.79 

Disturbed Cutblocks 0.92 0.69 0.79 

Regenerating Cutblock 1.00 0.43 0.65 

Regenerating Burn 0.30 0.68 0.45 

Tertiary Roads 0.70 0.33 0.48 

Other Anthropogenic (e.g., seismic 
lines, pipelines, well sites, etc.) 

0.61 0.74 0.67 

Note: A small area of the satellite imagery had cloud cover, and was not assigned a habitat suitability rating.  

 

2C.4.2.2 Cover 

Habitat that is far from protective cover is assumed to be less suitable as black bear foraging habitat. 
Habitat suitability was therefore adjusted for distance to cover (following Zapisocki et al. 1998). Areas 
within 200 m of protective cover are assumed to be ideal (SI = 1), with areas farther than 200 m receiving 
lower suitability indices (Figure 2C-5). Suitable cover is assumed to be a structural stage 5 or greater 
forest (for the Wildlife LSA model), or LCC classes 52, 53, 55, or 58 (for the Wildlife RSA model). 

 

Figure 2C-5 Relationship between distance to escape cover and suitability index values used for 
the black bear models. 

 

2C.4.3 Anthropogenic Disturbance 

Black Bears are generally tolerant of human activity. However, high use industrial features and roads 
were given a habitat suitability rating of Nil. These sites include primary roads, secondary roads, oil and 
gas facilities, and non-vegetated anthropogenic disturbances (e.g., recent exploration wells). No zone of 
influence was modelled, since there is no direct or consistent link between anthropogenic disturbances 
and reduced habitat effectiveness. Based on observations and published literature, inclusion of a zone of 
influence would reduce the effectiveness of the model for predicting black bear locations, and would 
under-represent the potential foraging value of these locations. However, in some situations, increased 
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access associated with anthropogenic disturbances may result in increased hunting pressure or conflict 
with humans, which should be considered when interpreting model results.  

2C.4.4 Model Fit / Validation 

There are insufficient data on black bear locations in the LSA and RSA to validate the black bear HSI 
model. However, the model was constructed using the best available knowledge on black bear habitat 
preference, and model predictions conform to known habitat associations. Model output is, therefore, 
likely to provide an appropriate indication of black bear habitat suitability.  

2C.5 Fisher 

Fisher is designated Sensitive in Alberta (ASRD 2011a) and is listed as a Priority 1 wildlife indicator by 
the CEMA (2002). Fisher is managed as a furbearing species in Alberta, and is considered important for 
traditional use. Fisher is commonly selected as a wildlife indicator species, since it requires mature forests 
with high canopy closure, relies on riparian areas, and is sensitive to forest clearing. 

2C.5.1 Habitat Requirements 

Various habitats are used by fishers throughout their range. Optimal habitat includes dense stands of 
mature coniferous and mixedwood forests with high canopy closure and an abundance of prey (Powell 
and Zielinski 1994, Westworth Associates Environmental Ltd. [Westworth] 2002). Fishers generally use 
upland and riparian mixedwood and coniferous forests in northeastern Alberta, but may also occur in 
wooded fens, bogs and deciduous-dominated habitats (Westworth 2002). Open or disturbed areas and 
forest stands with low canopy cover are generally avoided, particularly during winter when cover is 
minimal and higher snow depths may restrict movements; however, these areas may be used for foraging 
when they are adjacent to preferred habitats (Powell and Zielinski 1994, Badry et al. 1997, Allen 1983, 
Westworth 2002). Diverse forest structure (e.g., diversity of tree sizes and shapes, light gaps, dead and 
downed wood, layers of overhead cover) is a key component of fisher habitat. Under optimal conditions 
for fishers, the forest structure functions to provide high diversity of dense prey populations, high 
vulnerability of prey, and suitable natal/maternal dens and resting sites (Powell and Zielinski 1994). 

2C.5.1.1 Foraging Habitat 

Fishers are generalist predators. Snowshoe hare is the most common prey species for fishers throughout 
their range (Powell and Zielinski 1994). Fishers are uniquely adapted to prey on porcupines, which 
comprise an important food source in some locations (Powell and Zielinski 1994, Allen 1983, Westworth 
2002). Other prey species include mice, voles, shrews, squirrels and grouse (Powell and Zielinski 1994, 
Westworth 2002). Red-backed voles are an important prey species in northern Alberta (Westworth 2002). 
Fishers also scavenge carrion, particularly remains of deer and other large ungulates (Powell and 
Zielinski 1994).  

Fisher foraging habitat in northeast Alberta is affected primarily by the distribution and abundance of 
snowshoe hare, and to a lesser extent, red-backed voles (Westworth 2002). Cover that allows 
concealment from predators and supports abundant catchable prey populations is an important 
component of foraging habitat (Weir 2003). Areas with a range of early to late successional habitats, 
including structurally diverse forest stands of varying ages and heights, diverse shrub layers, abundant 
coarse woody debris (CWD), edges, and riparian zones are likely to provide good foraging opportunities 
for fishers (Powell and Zielinski 1994, Westworth 2002). Sufficient overhead cover in a foraging habitat for 
fisher can be provided by tree or shrub cover (Weir 2003).  

Foraging strategies may be dependent on the prey species’ vulnerability, abundance or both (Weir 2003). 
Since fishers are opportunistic predators, availability of vulnerable prey may be more important than prey 
abundance (Powell and Zielinski 1994). Vulnerability of prey is affected by the presence of escape cover 
for the prey (e.g., snow cover, complex understory vegetation structure). Fishers have been shown to 
select habitats with high small mammal diversity over those with higher small mammal abundance, which 
are often found in open habitats avoided by fishers (Powell and Zielinski 1994). Although fishers may use 
some habitats less than expected based on their availability, this may reflect hunting efficiency for certain 
prey species more than prey abundance (Powell and Zielinski 1994). 
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2C.5.1.2 Resting / Denning Habitat 

Denning and resting sites for fishers tend to occur in habitat features that are normally associated with 
late-successional coniferous forests (e.g., large trees, snags and logs) (Powell and Zielinski 1994). 
Stands with high canopy closure (>61% in Idaho and an average of 82% in California) were found to be 
preferred resting habitats, while in Idaho, stands with <40% canopy closure were avoided (Powell and 
Zielinski 1994). Canopies and cavities in live trees are the most commonly used resting sites reported, 
although snags, logs, stumps, witches brooms, squirrel and raptor nests, brush piles, rockfalls, holes in 
the ground, snow dens and abandoned beaver lodges may also be used (Powell and Zielinski 1994). 
Evidence of fishers selecting burrows more frequently during winter, and tree cavities in spring and fall, 
suggest resting sites are chosen for warmth and insulation in winter, and possibly to prevent overheating 
in summer (Powell and Zielinski 1994).  

Available empirical information on natal and maternal den sites is limited, but suggests that female fishers 
predominantly select den sites high in deciduous tree cavities and snags, although hollow logs, brush 
piles, rock crevices and spaces under boulders may also be used (Powell and Zielinski 1994, Westworth 
2002). Fishers can be highly sensitive during the denning period, and have been reported to move kits to 
different dens when disturbed. However, some disturbance may be tolerated as fisher dens have been 
observed in tree cavities within a few metres of active roads and logging areas (Powell and Zielinski 
1994, Westworth 2002).  

Since maternal den sites are typically associated with mature coniferous and mixedwood forests (Powell 
and Zielinski 1994), suitable reproductive habitats are considered more limiting than either foraging or 
dispersal habitats (Westworth 2002). Allen (1983) suggests that the quality of winter and early spring 
habitat is the most restrictive component of the fisher’s annual habitat requirements. 

2C.5.2 LSA Fisher Model 

Habitat selection by fisher depends on availability of food and cover. Therefore, the HSI model was based 
on these parameters. The model assumes that fisher water requirements are met by surface water and 
snow (i.e., access to water was not modeled) and dense, late seral forest stands provide the most 
suitable habitat for fisher. 

Prey availability and cover are considered equally important to fisher habitat suitability. Both prey 
availability and cover must have a value greater than zero to produce a positive overall HSI value for 
fisher.  

   

2C.5.2.1 Food 

The two main prey species for fisher in northern Alberta, snowshoe hare and red-backed vole, were 
modeled separately and the results combined to obtain a suitability index for food availability. The 
maximum HSI value for snowshoe hare and red-backed vole was used as the measurable variable of 
food availability for fisher. 

The suitability index for food availability is a function of snowshoe hare and red-backed vole availability. 
The food HSI index is calculated as follows: 

2  

Snowshoe Hare (SIhare) 
Snowshoe hare habitat use varies, but hare habitat selection is primarily dependent on sufficient shrub or 
understory cover that provides food and protection from predators (Westworth 2002). Open areas with 
sparse cover are typically avoided by hares (Powell and Zielinski 1994). An RSPF model was run for 
snowshoe hare at the 1 km LSA scale using the method described in Section 2C.6.1. Suitability indices 
were derived from the RSPF model results (Table 2C-6). 
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TABLE 2C-6 
 

SNOWSHOE HARE SUITABILITY INDEX VALUES USED FOR THE LSA FISHER MODEL 

SNHA RSPF Rating Suitability Index 
Low 0 
Low-Moderate 0.3 
Moderate-High 0.7 
High 1.0 

 

Red-Backed Vole (SIvole) 
Sufficient forest cover and ground cover are generally considered the principal factors in determining red-
backed vole habitat suitability (Westworth 2002). Red-backed voles are most common in mature forests 
and typically avoid open areas such as fields, clearings and other non-forested habitats unless abundant 
overhead cover is present (Green 1980, Westworth 2002). Near optimal habitat types for this species in 
northeast Alberta are reported to include balsam poplar, tamarack and balsam fir dominated forests, while 
jack pine, aspen and black spruce forest cover types are moderately suitable habitats (Green 1980). Early 
successional and willow-birch shrub communities provide marginal habitat for red-backed vole in 
northeastern Alberta. Forests with moderate to thick accumulations of litter and deadfall, as well as 
forests with dense understories of dogwood (Cornus stolonifera), currant (Ribes spp.), alder (Alnus spp.) 
or raspberry (Rubus idaeus) provide higher habitat value. Red-backed vole habitat selection in boreal 
Alberta has been strongly correlated with stands that have balsam poplar in the understory (Green 1980). 
Based on this information, several habitat variables were selected for the red-backed vole HSI model, 
which are provided in Table 2C-7. 

A suitability index for red- d vole was determined llowbacke  as fo s: 

 %  %  %

4  

 
TABLE 2C-7 

 
RED-BACKED VOLE SUITABILITY INDEX VALUES USED FOR THE LSA FISHER MODEL 

Variable Condition Suitability Index 
Stand Composition1 balsam poplar 1.0 

tamarack 1.0 
balsam fir 1.0 

undifferentiated aspen/poplar 0.6 
aspen 0.5 

jack pine  0.5 
black spruce 0.5 
white spruce 0.5 
white birch 0.5 

road 0 
non-forested 0 

Structural Stage2 old 1.0 
mature 1.0 

young forest 0.7 
pole sapling 0.5 

tall shrub 0.3 
low shrub 0.2 

herbaceous/non-vegetated 0.1 
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TABLE 2C-7  Cont’d 

Variable Condition Suitability Index 
% CWD Cover3 >25% 1.0 

5-25% 0.9 
1-5% 0.7 
<1% 0.5 

absent 0.1 
% Canopy Closure >70% 1.0 

51-70% 0.7 
31-50% 0.5 
≤30% 0.2 

% Shrub Cover4 >70% 0.7 
51-70% 0.6 
31-50% 0.5 
≤30% 0.2 

Notes: 1   Suitability indices for stands with multiple species were determined by multiplying each species’ percent composition 
by its rating and summing the products. For example:  

Aw50Sw30Pb20 = 0.5(0.5) + 0.3(0.5) + 0.2(1.0) = 0.6 
 2 Structural stage was defined using a combination of stand age, height and diversity characteristics, and was 

classified based on the Field Manual for Describing Terrestrial Ecosystems (British Columbia Ministry of 
Environment, Lands, and Parks [BC MELP] and British Columbia Ministry of Forests [BC MOF] 1998). 

 3 CWD cover was estimated based on data collected during vegetation field studies in 2011. Downed woody material 
<7 cm in diameter was classified as ‘litter’ and, therefore, not included in the CWD data, consistent with Alberta 
Biodiversity Monitoring Institute (2010) protocols. 

 4 Shrub cover is based on field data (averages of tall and low shrub cover in sample plots for each ELC), and includes 
understory shrub cover for forested ELCs as well as shrub cover for shrubby ELCs (i.e., without overstory tree 
canopy). 

 

2C.5.2.2 Cover 

Key foraging and cover habitat variables for fisher include stand structural stage, canopy closure, stand 
composition, shrub cover and CWD (Westworth 2002). Stands with continuous overhead cover are 
selected by fishers for concealment (Powell and Zielinski 1994). Fishers in New Hampshire have been 
shown to selectively use forest habitats with 80% or higher canopy closure, while stands with less than 
50% canopy closure were generally avoided (Allen 1983). Overhead tree and shrub cover, as well as 
resting/denning features (e.g., hollow trees or logs, witches brooms, ground burrows, etc.) provide 
security and thermal protection, as well as suitable habitat for prey species (Powell and Zielinski 1994, 
Westworth 2002). Although open areas with high shrub cover may be used infrequently for foraging in 
summer when dense vegetation provides sufficient cover, winter use is unlikely since cover is 
substantially reduced and snow accumulation may restrict fisher movement (Powell and Zielinski 1994).  

Suitable denning habitats, which are typically associated with mature coniferous and mixedwood forests, 
may be more limiting to fisher populations than foraging or dispersal habitats (Powell and Zielinski 1994). 
Late winter and early spring habitat quality has also been suggested as the most restrictive component of 
the fisher’s annual habitat requirements, which is best met by mature to climax successional stages of 
coniferous forests that provide adequate cover and potential denning sites (Allen 1983). Therefore, the 
habitat variables and suitability index values applied to the fisher HSI model reflect characteristics of 
mature to old coniferous and mixedwood forests with sufficient canopy, understory cover and CWD for 
security and thermal cover, as well as denning sites (Table 2C-8). 
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Calculation of SIcover 
Overstory characteristics appear to be the primary habitat component determining fisher habitat selection 
(Powell and Zielinski 1994, Allen 1983, Westworth 2002). However, understory characteristics, including 
shrub cover and CWD, also contribute measurably to fisher foraging and resting/denning habitat 
suitability (Powell and Zielinski 1994, Westworth 2002). Therefore, the model reflects a cumulative 
relationship between these overstory an erstory habitat chara cs: d und cteristi

%

2  

Stand structure, percent canopy cover and composition relate to overstory characteristics, while shrub 
cover and CWD correspond to the understory. Functions used to calculate overstory and understory 
cover are non-compensatory; a low score for any attribute will necessarily result in a low score for that 
structural layer. Overstory and understory attributes are compensatory (i.e., a low suitability index value 
for overstory can be partially compensated by a higher suitability index value for understory, and vice 
versa). However, for high suitability habitat, both the overstory and understory must be suitable for fisher. 

TABLE 2C-8 
 

COVER SUITABILITY INDEX VALUES FOR THE LSA FISHER MODEL 

Variable Condition Suitability Index 
Structural Stage1 old forest 1.0 

mature forest 0.9 
young forest 0.7 
pole sapling 0.4 

tall shrub and lower 0 
% Canopy Closure >70% 1.0 

51-70% 0.9 
31-50% 0.6 
≤30% 0.3 

Stand Composition Coniferous Stand: 
90-100% conifer 0.6 

Mixedwood Stand: 
70-90% conifer 1.0 

Mixedwood Stand: 
50-70% conifer 0.8 

Deciduous Stand: 
>50% broadleaf 0.2 

unforested2 0 
% Shrub Cover3 ≥60% 1.0 

30-59% 0.8 
10-29% 0.5 

1-9% 0.2 
<1% 0 

CWD4 >1% 1.0 
<1% 0.5 

absent 0.1 

Notes:  1 Structural stage was defined using a combination of stand age, height and diversity characteristics, and was 
classified based on the Field Manual for Describing Terrestrial Ecosystems (British Columbia Ministry of 
Environment, Lands, and Parks [BC MELP] and British Columbia Ministry of Forests [BC MOF] 1998). 

 2 Includes anthropogenic, herbaceous, cutblocks, and shrub dominated communities.  
 3 Shrub cover is based on field data (averages of tall and low shrub cover in sample plots for each ELC), and includes 

understory shrub cover for forested ELCs as well as shrub cover for shrubby ELCs (i.e., without overstory tree 
canopy). 

 4 CWD cover was estimated based on data collected during vegetation field studies in 2011. Downed woody material 
<7 cm in diameter was classified as ‘litter’ and, therefore, not included in the CWD data, consistent with Alberta 
Biodiversity Monitoring Institute (2011) protocols. 
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2C.5.3 RSA Fisher Model 

Due to differences in the vegetation data available at the LSA and RSA scales, a separate model was 
developed for fisher at the RSA scale. Suitability ratings were produced for LCCs based on a thorough 
literature review and professional judgement (Table 2C-9). Potentially important habitat variables, such as 
stand structure (age, height, diversity), overstory species composition, understory shrub cover and CWD, 
are not available from the regional scale data set and, as a result, were not included in the RSA model. 

TABLE 2C-9 
 

HABITAT SUITABILITY RATINGS BY LCC FOR THE RSA FISHER MODEL 

LCC LCC Description Suitability Rating 
6 Water (lakes, river) Nil 
51 Closed Black Spruce Low 
52 Closed Pine Moderate 
53 Closed White Spruce Moderate 
55 Closed Aspen, Balsam Pine and Birch Low 
58 Closed Coniferous and Deciduous (40 – 60%) High 
63 Closed Upland Shrub Low 
72 Mixed Grasslands Nil 
82 Graminoid Wetlands Low 
83 Shrubby Wetland Low 
86 Black Spruce Bog Low 
89 Wooded Fen Low 
Disturbed Cutblocks Nil 

Regenerating Cutblocks Nil 
Regenerating Burn Nil 
Other Anthropogenic (e.g., roads, seismic lines, 
transmission lines, pipelines, wellpads, etc.) Nil 

 

2C.5.4 Anthropogenic Disturbance 

Disturbed areas are assumed not to provide suitable food for fisher and were given a habitat rating of Nil. 
There are insufficient data to support the inclusion of a zone of influence effect. 

2C.5.5 Model Fit / Validation 

The fisher HSI model could not be validated given insufficient fisher location data within the LSA or RSA. 
However, a thorough literature review was conducted and the structure and output of the model are 
consistent with ecological and habitat requirements of fishers identified in the available literature. 
Therefore, the model is considered suitable for reasonably assessing effects on fisher habitat. 

2C.6 Lynx / Snowshoe Hare 

Lynx are listed as Sensitive in Alberta (ASRD 2011a). The size and distribution of lynx populations are 
strongly associated with that of their main food source, snowshoe hare (Bayne et al. 2008a, Keim et al. 
2011).  As a result, snowshoe hare is often used as a surrogate for modeling lynx habitat. Snowshoe hare 
are listed as Secure in Alberta (ASRD 2011a), but are important food resources for a variety of predators 
in addition to lynx, including raptors, mustelids and canids (Keith and Cary 1991, Doyle and Smith 1994, 
Livezey 2007, Bayne et al. 2008a). 

Snowshoe hare habitat was modelled both as a surrogate indicator of lynx occupancy, and as a primary 
prey species that supports predator populations. The snowshoe hare model for the LSA was based on a 
previously published RSPF model (Keim et al. 2011), compiled from regional data collected in north-
eastern Alberta. The same RSPF model could not be used for the RSA due to limited availability of land 
cover data. Instead, an HSI model was developed using LCC data, and based on habitat relationships 
similar to those defined by the RSPF model. 
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2C.6.1 Habitat Requirements 

Suitable cover habitat is a primary factor influencing the occupancy of snowshoe hare. Optimal habitat 
provides dense vegetation cover near the ground, such as that provided by dense coniferous forest and 
shrub thickets (Pietz and Tester 1983). Lowland habitats such as black spruce bogs and shrubby fens, 
upland areas with dense shrub layers, and regenerating forests may all provide suitable habitat for 
snowshoe hare. Large openings and recent cutblocks are unsuitable habitat due to lack of protective 
cover from predators and reduced food availability (Ferron et al. 1998, Bellefeuille et al. 2001). Clearcut 
areas may remain unsuitable for several years following harvest, possibly longer in low quality habitat 
where shrub layers are slow to develop (Ferron et al. 1998, Bellefeuille et al. 2001). During winter when 
food is most limiting, hare will consume leaves, needles, buds, and stems of shrubs and trees (Tefler 
1972, Wolff 1978, Pease et al. 1979, Smith et al. 1988), which are common in dense forest and shrub 
thickets. Snowshoe hare may also prefer ecotones (transitional areas between two habitat types), since 
these areas can provide both suitable shelter and access to optimal foraging areas (Keim et al. 2011).  

2C.6.2 LSA Snowshoe Hare Model 

The snowshoe hare RSPF model (Keim et al. 2011) contains five habitat characteristics and 9 
parameters (including an intercept) (Table 2C-10). The model was derived using model selection 
procedures consisting of a suite of variables hypothesized to potentially influence snowshoe hare 
distribution. The model follows the logistic form of the RSPF (shown below), and provides probabilities of 
resource selection ranging from 0 to 1.  

Logistic model: ;
 

 (Lele and Kiem 2006) 

Where β are the parameter estimates (coefficients) for a variable ( ) and ;  is 
the probability that a given site represents hare resource selection. 

TABLE 2C-10 
 

HABITAT VARIABLES USED IN THE LSA SNOWSHOE HARE MODEL 

Model Variable 
Parameter 
Direction Description 

CON + The proportion of forested areas that are conifer (range 0-1); derived from AVI data. 
DECID + The proportion of forested areas that are deciduous (range 0-1); derived from AVI data. 
DECID2 - 
TERR + Terrain complexity; standardized variability in topography within a 200 m radius of a location. 

Derived from a LiDAR digital elevation model.  TERR2 - 
CON x TERR + The interaction between CON and TERR. 
NV - Binary variable indicating that a site has no vegetation or vegetation <1 m in height; derived 

from AVI data. 
SHB + Binary variable indicating that a site is dominated by vegetation 1-6 m tall; derived from AVI 

data. 

Source: Keim et al. 2011. Published parameter values available from: 
http://www.esapubs.org/archive/appl/A021/047/appendix-A.htm 

 

The model makes the following predictions regarding habitat associations, which are consistent with 
published accounts of snowshoe hare habitat preferences: 

• highest occupancy of snowshoe hare in conifer dominated stands or mixedwood 
stands; 

• low occupancy in pure deciduous stands; 

• highest occupancy at intermediate to moderately-high levels of terrain complexity;  

• lower occupancy in landscapes with either low or very high levels of terrain complexity; 
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• low occupancy in non-vegetated areas; and 

• high occupancy in shrub-dominated areas. 

2C.6.3 RSA Snowshoe Hare Model 

Data available for the RSA were not sufficient to run the same model as used for the LSA. Instead, 
habitat suitability ratings were applied to LCCs within the RSA based on demonstrated habitat 
relationships and professional judgement (Table 2C-11). Snowshoe hare is widespread in the boreal 
forest, so most habitat types are likely to provide some degree of value for hare. However, the model was 
developed for winter habitat, which is assumed to be most limiting for snowshoe hare, since this period is 
associated with cold temperatures and reduced food availability. The suitability of LCCs were based on 
the provision of food and shelter. Vegetation below the snowpack was assumed to provide no value to 
hare. 

TABLE 2C-11 
 

HABITAT SUITABILITY RATINGS BY LCC FOR THE RSA SNOWSHOE HARE MODEL 

LCC LCC Description Suitability Rating 
6 Water (lakes, river) Nil 
51 Closed Black Spruce Low 
52 Closed Pine Low 
53 Closed White Spruce High 
55 Closed Aspen, Balsam Pine and Birch High 
58 Closed Coniferous and Deciduous (40 – 60%) High 
63 Closed Upland Shrub Moderate 
72 Mixed Grasslands Nil 
82 Graminoid Wetlands Nil 
83 Shrubby Wetland Low 
86 Black Spruce Bog Low 
89 Wooded Fen Low 
Disturbed Cutblocks Low 

Regenerating Cutblocks High 
Regenerating Burns Moderate 
Other Disturbances (e.g., roads, seismic lines, well 
sites, pipelines, etc.) Nil 

 

2C.6.4 Anthropogenic Disturbance 

Anthropogenic disturbances, except cutblocks and regenerating cutblocks, were considered unsuitable 
habitat for both the RSA and LSA models. Areas with a high degree of disturbance, including the 
Blackrod SAGD Pilot Project (Pilot Project) site, oil and gas facilities, and primary and secondary roads, 
were given a habitat suitability rating of Nil. There were insufficient data to support the inclusion of a zone 
of influence effect.  

2C.6.5 Model Fit / Validation 

There were sufficient data on snowshoe hare to assess the adequacy of the LSA and RSA models for 
snowshoe hare. Model fit was based on 21.35 km of winter track data within the 1 km LSA (the maximum 
area for which the RSPF model could reliably be run given available vegetation cover data). Based on 
snow track data, the LSA model fit was judged to be good. As predicted, habitat with a suitability rating of 
High was used by snowshoe hare more than expected if habitat use was random across the survey area 
(Figure 2C-6). The fit of the RSA model was adequate, but did not perform as well as the LSA model 
(Figure 2C-7). Limited habitat information at the RSA scale may have prevented the model from 
discriminating between High and Moderate suitability habitat. However, both the LSA and RSA model are 
anticipated to provide an appropriate representation of the effect of anthropogenic disturbance and, 
therefore, are considered useful in assessing Project effects. 
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Figure 2C-6 LSA snowshoe hare model fit based on winter tracking data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of snowshoe hare tracks. The ratio of actual:expected 
should increase for higher suitability habitat, provided the model is appropriate for 
predicting the likelihood of snowshoe hare habitat use at survey locations. 

 

Figure 2C-7 RSA snowshoe hare model fit based on winter tracking data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of snowshoe hare tracks. The ratio of actual:expected 
should increase for higher suitability habitat, provided the model is appropriate for 
predicting the likelihood of snowshoe hare habitat use at survey locations.  
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2C.7 Moose 

Moose is a Secure species in Alberta (ASRD 2011a), and is listed as a Priority 1 wildlife indicator by the 
CEMA (2002). In terms of human importance (i.e., hunting, traditional and cultural value), moose may be 
considered one of the most valued wildlife species in the RSA. From an ecological perspective, moose 
are an important prey species. Changes in moose populations could affect large carnivore species and 
alternate prey species (e.g., other ungulates, snowshoe hare). 

Different models for moose winter habitat were used for the LSA and RSA due to the different vegetation 
classification data available. The AVI data available at the local scale allowed use of a previously 
published RSPF model for the 1 km LSA (Wasser et al. 2011). The LCC data were used to develop an 
HSI model for moose within the RSA. 

2C.7.1 Habitat Requirements 

Moose use various habitat types within the boreal forest region of northeast Alberta. Dense forests 
provide cover while shrublands and early seral forests, such as post-wildfire regenerating stands, are 
preferred for forage. Although upland forests are commonly used by moose during summer, moose tend 
to move to lowlands in late fall and early winter, and to uplands with dense canopy cover in mid- to late 
winter as snow depths increase (Nietfeld et al. 1985). As such, suitable moose habitat in the boreal forest 
consists of a mosaic of deciduous or mixed regenerating forests interspersed with mature conifer stands. 
Both the availability and interspersion of food and cover habitats are important to moose (Dussault et al. 
2006).  

2C.7.1.1 Conifer Cover 

There is an inherent trade-off for moose between habitat types that provide high value for food 
availability, and those that provide cover. Areas with a high availability of browse are often those with 
reduced shelter, thereby increasing exposure to predation and inclement weather. Cover habitat provides 
important seasonal requirements for moose on a year-round basis. Moose tend to select mature stands 
with conifers for shelter from sun and heat during warm periods, as well as from snow during winter. 
Mature coniferous forests may also afford some protection from predators (Dussault et al. 2006).  

2C.7.1.2 Shrub Cover 

Moose are generalist browsers. Leaves and stems of deciduous trees and shrubs comprise most of the 
diet of moose (Renecker and Schwartz 2007). Preferred browse species in northeast Alberta include 
saskatoon (Amelanchier alnifolia) and willow (Salix spp.). Aspen and balsam poplar (Populus spp.), paper 
birch (Betula papyrifera), and red-osier dogwood (Cornus stolonifera) are also important browse species 
for moose (Nietfeld et al. 1985). Moose primarily select regenerating disturbed areas (e.g., burned, 
harvested, wind-throw, insect outbreaks) with a dense shrub layer for foraging. Deciduous and mixed 
stands provide forage to a lesser degree (Dussault et al. 2006). 

2C.7.1.3 Riparian Areas 

Vegetation communities in riparian areas provide both cover and forage for moose (Fisher 2004, Peek 
2007). Moose may select riparian areas during winter since these areas often provide tall browse species 
that are available for forage when snow cover buries lower shrubs, and the closed canopies associated 
with riparian areas afford cover (Doerr 1983, Poole and Stuart-Smith 2006, Rolley and Keith 1980). 

2C.7.1.4 Disturbance 

Boreal forests are fire driven ecosystems. The association of moose with early successional stages of 
post-fire habitats in the boreal forest is commonly accepted (Peek 2007). Fires create high quality forage 
sources for moose. Optimal successional stages for moose in burned areas usually occur 10 to 30 years 
following fire (Nietfeld et al. 1985, Peek 2007). In young burns, moose may use burned areas less 
frequently than remnant forests, and browse shrubby vegetation within young burns near forest edges 
(i.e., less than 100 m from forest edges; Peek 2007). A mosaic of early seral (shrubby) habitats 
(approximately 40-60% of the landscape) interspersed with deciduous (35-55%) and coniferous forests 
(5-15%) is suggested to provide optimal moose habitat (Peek 2007, Collister et al. 2003). 
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Reduced use or avoidance of linear features, such as roads, trails and seismic lines, has been 
documented (Rolley and Keith 1980, Ferguson and Keith 1982, Collister et al. 2003). Levels of human 
activity (e.g., noise, traffic) affect moose response to these types of anthropogenic disturbance (Collister 
et al. 2003). Wasser et al. (2011) reported moose avoided linear features with no or unknown levels of 
human use and areas near primary roads. Avoidance effects were not apparent for moose beyond 
several hundred meters of oil and gas exploration roads (Wasser et al. 2011). 

Forest harvest is a prominent activity in the RSA. Despite differences in landscape patterns between 
burned and harvested areas (e.g., smaller patch size, younger remnant forest patches, increase edge 
density in harvested areas compared to burns), harvested landscapes can benefit moose in a similar way 
by opening the canopy and increasing forage production (Collister et al. 2003). In the boreal forest, 
optimal forage production for moose first occurs in cutblocks approximately 10 to 15 years following 
harvest (Collister et al. 2003). 

2C.7.2 LSA Moose Model 

An RSPF model developed by Wasser et al. (2011) was used to assess winter habitat suitability for 
moose within the 1 km LSA. The model was developed using spatial locations of fecal pellets recorded in 
2006 and 2007 in the oil sands region of northeast Alberta, south of Fort McMurray. The model was 
estimated from environmental features including terrain complexity, black spruce tree cover, wetlands, 
and covariates for anthropogenic features such as highways and other linear corridors. The model follows 
the logistic form of the RSPF (shown below), and provides probabilities of resource selection ranging from 
0 to 1.  

Logistic model: ;
 

 (Lele and Kiem 2006) 

Where β are the parameter estimates (coefficients) for a variable ( ) and ;  is 
the probability that a given site represents moose resource selection. 

The RSPF predicts site selection by wintering moose using two continuous variables (conifer density and 
distance to primary roads), and five discrete variables including fire history (burned in the last 40 years), 
proximity to riparian areas, shrub cover, linear features, and proximity to secondary roads (Table 2C-12). 
Positive parameter estimates indicate a positive relationship between the covariate and resource 
selection. The RSPF predicts positive selection by wintering moose for habitats dominated by shrubs, 
burned by wildfire in the last 40 years, located within 100 m of waterbodies (i.e., proximity to riparian 
areas), and with lower densities of coniferous tree cover (Wasser et al. 2011). Habitat suitability ratings 
(e.g., Nil, Low, Moderate, High) were determined based on the results of the RSPF model and classified 
using natural breaks. 

TABLE 2C-12 
 

VARIABLES USED IN THE LSA MOOSE MODEL FOR WINTER HABITAT 

Model Covariates Definition 
Parameter 
Direction 

conifer density The density of conifer tree species based on AVI data; ranges from 0 to 1.  - 
primary road Distance (km) to the nearest paved highway. + 
fire A discrete variable indicating that a fire has burned within the last 40 years.  - 
primary rd x fire Function of fire combined with primary roads. + 
riparian A discrete variable indicating a site is within 100 m of streams and lakes. + 
shrub A discrete variable for shrub-dominated sites based on ELC mapping of the LSA. + 
linear features (LF) A discrete variable for linear features associated with no or unknown levels of human use 

(i.e., pipelines, cut lines, seismic lines, power lines and roads). 
- 

secondary road 250 A discrete variable for sites within 250 m of secondary roads. Secondary roads are defined 
as exploration roads that provide frequent access to winter exploration camps and facilities, 
and high-use gravel logging roads.  

- 

Source: Wasser et al. 2011. 
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2C.7.3 RSA Moose Model 

An HSI model for wintering moose in the RSA was developed using the available spatial data, and was 
based on a literature review and existing habitat modeling for moose (Fisher 2004). The habitat suitability 
ratings (Table 2C-13) reflect habitat value and moose use of habitat types in northeast Alberta, based on 
available literature. 

TABLE 2C-13 
 

COVER SUITABILITY RATINGS BY LCC FOR THE RSA MOOSE MODEL 

LCC LCC Description Suitability Rating 
6 Rivers and Lakes Nil 
51 Closed Black Spruce Moderate 
52 Closed Pine Low 
53 Closed White Spruce Moderate 
55 Closed Aspen, Balsam Poplar and Birch High 
58 Closed Coniferous and Deciduous (40 – 60%) High 
63 Closed Upland Shrub Moderate 
72 Mixed Grasslands Low 
82 Graminoid Wetlands Low 
83 Shrubby Wetland High 
86 Black Spruce Bog Low 
89 Wooded Fen Low 
51, 52, 53, 55, 58, 63 Riparian; within 50 m of streams and open water High 
Disturbed Cutblocks Low 

Regenerating Cutblocks Moderate 
Wildfire (post 1982) Moderate 
Other Anthropogenic (e.g. roads, seismic lines, 
pipelines, well sites, etc.) Nil 

 

2C.7.4 Anthropogenic Disturbance 

For both the LSA and RSA models, a habitat suitability reduction factor was applied within a zone of 
influence buffer to reduce habitat suitability ratings in areas with high human use activity. Zone of 
influence effects were applied to the classified model output for the moose model. 

The habitat suitability reduction factor was applied as follows: 

• Areas within 250 m of secondary roads, oil and gas facilities, and the Pilot Project site were reduced 
by one habitat suitability rating category (e.g. ratings of High were reduced to Moderate within the 
zone of influence).  

• Areas within 500 m of Highway 63 were reduced by one habitat suitability rating category. 

• Wellpads, primary roads (i.e., Highway 63), secondary roads, gravel pits, oil and gas facilities, oil 
sands exploration (OSE) wells, and the Pilot Project sites were given a habitat suitability rating of Nil. 
For the LSA model, low-use vegetated linear features (e.g., pipelines, 3D seismic lines, tertiary roads, 
power lines and other cutlines) were included as a variable in the model, typically resulting in a 
habitat suitability rating of Low. For the RSA model, linear features, as well as all other anthropogenic 
disturbances, were given a habitat suitability rating of Nil. 

2C.7.5 Model Fit / Validation 

Data on moose distribution in the LSA and adjacent surrounding areas were collected using aerial 
surveys and winter track transects during winter 2011 (see Wildlife Baseline Report in Volume 4, 
Appendix 2B). The winter track transect locations were not selected using a random or stratified random 
selection process; rather, they were selected to acquire distribution and habitat use information for all 
ELCs available in the LSA, in approximate proportion to their occurrence. As such, track transect 
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selection attempted to locate transects in ELC polygons that would avoid or limit vegetation community 
changes along the transect, and allow access to the transects for sampling. This introduces sampling bias 
to the data results. In addition, track survey data are affected by non-independence of tracks and spatial 
autocorrelation. Results of track transects within the 1 km LSA were initially considered in the evaluation 
of the fit of moose models. The results showed that the majority of tracks (65%, or 55 of 85 tracks 
observed) were observed in just two transects, which both correspond to mixedwood or coniferous forest, 
predicted by the model to be avoided. These observations may have biased model fit, making analyses 
using these data potentially inappropriate. Considering all of the above factors, only the aerial survey data 
were used to evaluate the fit of the moose models, since the aerial survey design allowed for relatively 
unbiased sampling of the habitats within the survey area. Reduced sightability of animals in dense forest 
cover (e.g., mature conifer forest) compared to open habitats (e.g., shrubby areas or deciduous forest) is 
expected to have affected the results of moose habitat associations to a small degree. Sightability is 
addressed in Section 2B.2.6.1 of the Wildlife Baseline Report (Volume 4). 

Proportions of known moose locations and survey coverage were determined for each habitat suitability 
rating (e.g., Nil, Low, Low-Moderate, Moderate, Moderate-High or High suitability habitat) predicted by the 
RSPF or HSI model (Figures 2C-8, 2C-9). If the model is representative of moose habitat selection, the 
proportion of known moose locations in higher suitability habitats should be higher than the proportion of 
available sample points in those habitats. Conversely, the proportion of known moose locations in lower 
suitability habitats should be lower than the proportion of available sample points in these habitats. Based 
on aerial survey data, the fit of the LSA model was deemed to be very good. As predicted, habitat with 
higher suitability ratings were used much more (relative to expectation based on survey coverage) than 
habitat with a lower suitability rating. The RSA model also performed well; however, the ability of the 
model to discriminate between low suitability and high suitability habitat was reduced relative to the LSA 
model.  

 

Figure 2C-8 LSA moose model fit based on aerial survey data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of moose. The ratio of actual:expected should increase 
for higher suitability habitat, provided the model is appropriate for predicting the 
likelihood of moose habitat use at survey locations.   
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Figure 2C-9 RSA moose model fit based on aerial survey data. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual observations of moose. The ratio of actual:expected should increase 
for higher suitability habitat, provided the model is appropriate for predicting the 
likelihood of moose habitat use at survey locations.   

 

2C.8 Northern Goshawk 

Northern Goshawk is provincially designated as Sensitive (ASRD 2011a). Goshawks require mature to 
old forest for nesting, and are considered sensitive to forest clearing, industrial development and human 
encroachment on nesting habitat. They are representative of the Mixedwood Forest Bird Community 
(CEMA [2002] Priority 2 wildlife indicator). Separate HSI models were developed to predict habitat 
suitability within the 1 km LSA and the RSA, due to the differences in available data between the local 
and regional spatial scales. The LSA model structure follows the approach developed for the Habitat 
Recovery Implementation Group of the BC Coastal Northern Goshawk Recovery Team (Mahon et al. 
2008). Model variables and ratings are based on habitat characteristics reported at goshawk nests in 
Alberta (Athabasca Oil Sands Corp. 2009, Osum Oil Sands Corp. 2009, Schaffer 1998). This model is 
generally consistent with HSI models applied in other EIAs for in-situ projects in similar ecological 
conditions in the oil sands region (Athabasca Oil Sands Corp. 2009, Osum Oil Sands Corp. 2009). The 
RSA model characterizes habitat suitability based on vegetation communities, using scientific literature to 
rate habitat suitability, and incorporates the effects of proximity to anthropogenic disturbance. 

2C.8.1 Nesting Habitat Requirements 

Northern goshawk nesting home ranges are comprised of the nesting area, post-fledging area, and 
foraging area (Reynolds et al. 1992). Nest areas may be defined as the area approximately 12 ha in size 
that is the centre of goshawk breeding movements and behaviours from courtship through fledging 
(Reynolds et al. 1992), and represents the portion of the home range that is defended by goshawks 
(Schaffer et al. 1999). Although smaller areas (12 ha to 24 ha) may be used successfully for nesting, 
goshawks prefer larger (30 ha to 80 ha) stands for nesting (Kennedy 2003). The post-fledging family area 
of northern goshawks is variable. Reported average nesting/post-fledging areas in BC range from 
approximately 20 ha to 59 ha (Mahon 2003 cited in Mahon 2009, McClaren et al. 2005). Nesting reserves 
(i.e., areas of contiguous forest suitable for nesting and containing goshawk nests) have the highest 
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probability of continued goshawk use when they are 100 ha or larger, and are unlikely to maintain long-
term occupancy when they are smaller than 25 ha in size (Harrower et al. 2011, Stuart-Smith et al. 2011).  

Research shows that throughout their range, goshawks generally select nest sites in mature forest stands 
(>80 years old) at mid to low slope positions (Penteriani 2002). Schaffer (1998) reported nesting areas of 
northern goshawks in central Alberta occur in mature deciduous-dominated mixedwood forests. Aspen, 
balsam poplar and white birch dominate the overstory in nest areas observed in central Alberta; however, 
a conifer component is important to provide protection for nests from extreme conditions early in the 
nesting season (Schaffer 1998; Schaffer et al. 1999).  

A dense canopy closure in nest stands can maintain a mild and stable microclimate (Schaffer 1998, 
Schaffer et al. 1999). Canopy closure of 45-70% is reported to be optimal for northern goshawk nesting, 
while stands with less than 30% canopy closure are generally too open for nesting (Mahon 2009). 
Goshawks often fly below the forest canopy. Natural or anthropogenic openings in the canopy, as well as 
an open understory, provide flyways and access to nests (Penteriani 2002, Schaffer et al. 1999, Mahon 
2009). 

Mature mixedwood forests exhibit structural characteristics suitable for goshawk nesting (i.e., multiple 
canopy layers, canopy gaps, large standing and fallen dead trees, multiple ages of trees) (Schaffer 1998). 
Data collected in central Alberta suggest that goshawks use large aspen and balsam poplar trees for 
nesting almost exclusively (Schaffer 1998). Nests are typically located against the trunk in the lower 
canopy of large trees where large-diameter branches provide a wide and stable nest support (Penteriani 
2002, Schaffer 1998). In Alberta, goshawk nests have been reported in aspen trees as small as 12 m in 
height (Schaffer et al. 1999). This is considered the minimum nest stand height at which trees would be 
large enough to support a goshawk nest. Nest stand heights taller than 24 m are more likely to provide 
optimal conditions where trees are a suitable size for goshawk nesting (Schaffer et al. 1999; Osum Oil 
Sands Corp. 2009). 

2C.8.1.1 Sensitivity to Disturbance 

Studies suggest that northern goshawks are sensitive to habitat disturbance near nest sites and sensory 
disturbance during the nesting season (Cooper and Stevens 2000, Morrison et al. 2009, Schaffer 1998, 
Schaffer et al. 1999). Successful fledging of young and lack of discernable response from brooding 
female goshawks nesting in proximity to active logging roads in the Cariboo region of BC and in Arizona 
suggest goshawks are tolerant to some level of disturbance during nesting (Cooper and Stevens 2000). 
However, goshawks are known to be sensitive to disturbance at or near nest sites and direct disturbance 
may disrupt breeding behaviour, resulting in nest failure or abandonment of the breeding area (Harrower 
et al. 2011, Cooper and Stevens 2000). Mahon and Doyle (2003) found that goshawks nesting in boreal 
forests in BC appear to avoid forest edges associated with clearcuts and roads by more than 100 m. 

Approximate areas of intensive use by adult goshawks and fledged young have been used to estimate 
appropriate buffer zones around nest sites where industrial activities should be avoided (Schaffer 1998). 
A minimum setback distance of 200 m from northern goshawk nests is recommended for low level 
disturbances, and 500 m for medium to high level disturbances in Alberta (Government of Alberta 2011). 

2C.8.2 LSA Northern Goshawk Model 

Nesting habitat variables and associated suitability indices used in the goshawk nesting HSI model for the 
LSA were identified based on habitat features reported at goshawk nest areas in Alberta and BC (Mahon 
and Doyle 2003, Osum Oil Sands Corp. 2009, Schaffer 1998), relevant literature and professional 
knowledge. Six nesting habitat variables were selected for the model based on the variables’ strength and 
consistency of relationships in other studies, relevance to the ecological communities present in the LSA, 
relationships to known nest areas in the boreal forest, and availability of spatial data. Stand age, stand 
height and slope were modelled as continuous variables (Figures 2C-10, 2C-11, 2C-12); distance to edge 
and forest composition were modelled as conditional discrete variables; and canopy closure was 
modelled as a discrete variable (Table 2C-14). Habitat suitability index values were assigned based on 
existing literature and models used previously for northern goshawk nesting habitat in northern Alberta 
(Mahon 2009, Osum Oil Sands Corp. 2009). 
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TABLE 2C-14 
 

SUITABILITY INDEX VALUES FOR THE LSA NORTHERN GOSHAWK MODEL 

Variable Condition Suitability Index 
Stand Age (years) 
[SIage] 

0 – 40 0 
40 – 90 = (age-40) x 0.02 

>90 1 
Stand Height (m) 
[SIheight] 

0 – 12 0 
12 – 24 = (height-12) x 0.08333 

>24 1 
Slope (%) 
[SIslope] 

0 – 60 1 
60 – 100 = 1+(slope-60) x -0.0125 

>100 0.5 
Distance to Edge1 (m) 
[SIedge] 

0 – 50 0.4 
50 – 100 0.7 

>100 1 
Canopy Closure2 (%) 
[SIclosure] 

6 – 30% 0.3 
31 – 50% 0.65 
51 – 70% 1 

71 – 100% 0.9 
Stand Composition3 

[SIcomp] 
white spruce <80% 1 
white spruce ≥80% 0.9 
black spruce <80% 0.4 
black spruce ≥80% 0.4 

jack pine <80% 0.85 
jack pine ≥80% 0.85 
balsam fir <80% 0.8 
balsam fir ≥80% 0.8 
tamarack <80% 0.6 
tamarack ≥80% 0.6 

trembling aspen <80% 1 
trembling aspen ≥80% 0.8 
balsam poplar <80% 0.8 
balsam poplar ≥80% 0.7 

white birch <80% 0.6 
white birch ≥80% 0.6 

road, non-forested4
, non-productive5

 0 

Notes: 1 High contrast edge (“edge”) was defined as the interface between mature forest and early seral or unforested 
habitat, and included edges caused by anthropogenic (e.g., cutblocks, roads, well pads) and natural processes (e.g., 
wetlands, burns). High contrast edges included those where polygons classified as structural stages 6 (mature 
forest) or 7 (old forest) are adjacent to polygons classified as structural stages 1 (non-vegetated), 2 
(herbaceous/graminoid), 3a (low shrub), 3b (tall shrub) or 4 (pole sapling). Low contrast edges included interfaces 
between adjacent stands that did not meet the conditions of high contrast edges. Low contrast edges were rated 1, 
and high contrast edges were given distance-based ratings. Structural stage was classified based on the Field 
Manual for Describing Terrestrial Ecosystems (BC MELP and BC MOF 1998). 

 2   Canopy closure classes are based on AVI closure codes A (6 – 30%) through D (71 – 100%). 
 3   Suitability indices for stands with multiple species were determined by multiplying each species’ percent composition 

by its rating and summing the products. For example:  
Aw50Sw30Pb20 = 0.5(1) + 0.3(1) + 0.2(0.8) = 0.96 

 4   Includes natural non-forested areas (i.e., open/closed shrub, herbaceous forb/graminoid, and bryophyte/lichen 
dominated communities [AVI categories SO, SC, HG, BR and HF]) (Alberta Pacific Forest Industries Inc. 2010) 

 5   Includes non-vegetated areas and non-forested anthropogenic disturbances (e.g., disturbances vegetated with 
herbaceous or shrubby vegetation) (Alberta Pacific Forest Industries Inc. 2010). 
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Figure 2C-10 Relationship between stand age and the age suitability index (SIage) for the northern 
goshawk Wildlife LSA model.  

 

 

Figure 2C-11 Relationship between stand height and the height suitability index (SIheight) for the 
northern goshawk Wildlife LSA model.  
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Figure 2C-12 Relationship between slope and the slope suitability index (SIslope) for the northern 
goshawk Wildlife LSA model.  
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A limiting factor, non-compensatory structure was used for the northern goshawk nesting habitat model. 
The function is non-compensatory since the value of one variable cannot compensate for a deficiency in 
another. As a result, the overall nesting habitat suitability decreases when the suitability index of any one 
of the variables falls below its optimal range. The overall HSInesting value is also decreased if suboptimal 
suitability index values occur in two or more variables, by combining the indices through a multiplicative 
function as follows: 

 
2      

2C.8.3 RSA Northern Goshawk Model 

Due to differences in the vegetation data available at the local and regional scales, a separate model was 
developed for northern goshawk nesting habitat within the RSA. Based on thorough literature review, 
nesting habitat suitability ratings were applied to LCC categories at the RSA scale (Table 2C-15). The 
LCC data available for the RSA do not provide information on stand structure, age or height, variables 
which are known to be important for predicting nesting habitat selection (Mahon 2009). However, most 
areas of early seral stage forest correspond to fire and anthropogenic disturbance, for which data are 
available for the RSA. Therefore, reduction in habitat effectiveness associated with anthropogenic 
disturbances could be appropriately modeled at the RSA scale. 

The RSA model contains two main components. The first is a suitability index applied to different LCC 
classes (Table 2C-15), and the second is a habitat suitability reduction factor applied to reduce the 
suitability of habitat adjacent to anthropogenic or natural edges (Section 2C.8.3.1). 

TABLE 2C-15 
 

NESTING HABITAT SUITABILITY RATINGS BY LCC FOR THE RSA  
NORTHERN GOSHAWK MODEL 

LCC LCC Description Suitability Rating 
5 Water Nil 
7 Shadow No Data 
8 River Nil 
51 Closed Black Spruce Low 
52 Closed Pine Moderate 
53 Closed White Spruce High 
55 Closed Aspen, Balsam Pine and Birch High 
58 Closed Coniferous and Deciduous (40 – 60%) High 
63 Closed Upland Shrub Nil 
72 Mixed Grasslands Nil 
82 Graminoid Wetlands Nil 
83 Shrubby Wetland Nil 
86 Black Spruce Bog Nil 
89 Wooded Fen Low 
Disturbed Cutblocks Nil 

Regenerating Cutblocks Nil 
Wildfire (post 1982) Nil 
Other Anthropogenic (e.g., roads, seismic lines, 
pipelines, well sites, oil and gas facilities, etc.) 

Nil 

 

2C.8.3.1 Edge Effects 

For the RSA northern goshawk nesting habitat model, a habitat suitability reduction factor was applied 
within a zone of influence buffer to reduce habitat suitability ratings in proximity to high contrast edges. 
Edge effects were applied to the classified RSA model output in a similar way to the Edge variable in the 
LSA HSI model. A buffer was applied to disturbances and natural areas with low vegetation (e.g., closed 
upland shrub, mixed grasslands, graminoid wetlands, shrubby wetland and disturbed areas) that are 
adjacent to forested areas (i.e., where a high contrast edge would be expected).  
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The habitat suitability reduction factor was applied as follows: 

• Habitat suitability rating of areas within 0-30 m of a high contrast edge were reduced by 2 rating 
values (e.g., High suitability rating is reduced to Low). 

• Habitat suitability rating of areas within 30-60 m of a high contrast edge were reduced by 1 rating 
value (e.g., High suitability rating is reduced to Moderate). 

• Habitat suitability rating of areas >60 m from a high contrast edge were not reduced. 

2C.8.4 Anthropogenic Disturbance 

For both the LSA and RSA model, anthropogenic disturbances, including cutblocks, regenerating 
cutblocks, and oil and gas activity were assigned a habitat suitability rating of Nil. Both the LSA and RSA 
models also include a component that reduces effectiveness of habitat in proximity to anthropogenic and 
natural high contrast edges. 

2C.8.5 Model Fit / Validation 

There were too few observations of northern goshawk to assess model fit at either the LSA or RSA scale. 
The goshawk nesting models are based on a thorough literature review of northern goshawk habitat 
relationships, and model predictions conform to known habitat associations. Therefore, it is likely that the 
goshawk models are appropriate for assessing potential impacts on goshawk habitat.  

2C.9 Old-Forest Bird Community 

CEMA lists old-growth forest bird community as a Priority 1 wildlife indicator (2002). The old-forest bird 
community indicator selected for this EIA includes the following species, as defined by the CEMA 
indicator community: bay-breasted warbler; black-throated green warbler; brown creeper; Cape May 
warbler; golden-crowned kinglet; red-breasted nuthatch; western tanager; white-winged crossbill; and 
winter wren.  

2C.9.1 Habitat Requirements 

Old forest communities are defined by stand age (Table 2C-16) and successional stage (Table 2C-17), 
rather than community composition. They are characterized by higher structural and functional diversity 
than is found in younger successional stages (Thomas et al. 1988). Species richness and diversity are 
generally positively related to structural complexity (Stelfox 1995). Schieck and Nietfeld (1995) 
demonstrated that for most bird species, abundance in mixedwood forests in Alberta is associated with 
two main characteristics of old forests: (1) decreased density of live trees and increased height of canopy 
trees; and (2) high canopy heterogeneity. 

TABLE 2C-16 
 

MINIMUM AGES FOR MATURE AND OLD FORESTS 

Canopy Composition Corresponding ELCs 1 
Age (years) 

Young Mature Old 
Deciduous d1, e1, f1 <80 80 - 100 >100 
Mixed Deciduous - Coniferous b3, d2, e2, f2 <80 80 - 100 >100 
Coniferous - Pine Dominant c1 <80 80 - 120 >120 
Coniferous - Spruce Dominant d3, e3, f3, g1, h1, i1, j1, k1, k2 <100 100 - 140 >140 

Sources:  Schneider 2002, Timoney 2001 
Note: 1   Shrubby, graminoid and disturbed ELCs (e.g., i2, j2, k2, k3, l1, shrubby wetland, meadow, cutblock, regenerating 

burn, regenerating cutblock, and anthropogenic) are excluded, since old-forest habitat is not applicable to these 
ELCs. 
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TABLE 2C-17 
 

STRUCTURAL STAGE CHARACTERISTICS 

Structural 
Stage Description Characteristics 

1 Non-vegetated Total shrub and herb cover <20%; total tree cover <10% 
2 Herbaceous / graminoid Dominated by grasses and forbs 
3a Low Shrub Shrubs <2 m 
3b Tall Shrub Shrubs >2 m, trees between 2-5 m 
4 Pole Sapling Tree height between 5-12 m and single storied stand 
5 Young Forest Tree height between 7-12 m and multi-storied stand, or tree height between 13-18 m 

and single storied stand. Self-thinning becomes evident and forest canopy begins to 
differentiate into distinct layers. 

6 Mature Forest Tree height between 13-18 m and multi-storied stand, or tree height >18 m and single 
storied stand. Canopy opens and understory becomes well established. 

7 Old Forest Tree height >18 m; over 120 years old. Stands are structurally complex; snags and 
CWD in all stages of decomposition are present; patchy understory. 

Source: Adapted from BC MELP and BC MOF 1998. 
 

Optimal habitat for old-forest bird species occurs in old stands, however, mature forests also provide 
habitat value for many of the bird species in the old-forest bird community (Semenchuk 2007, Cornell Lab 
of Ornithology 2011). In general, mature or old coniferous and conifer-dominated mixedwood stands 
provide optimal habitat for the old-forest bird community, although some of the old-forest bird species also 
utilize deciduous and deciduous-dominant stands to a lesser degree (Semenchuk 2007, Cornell Lab of 
Ornithology 2011). In addition to stand age, structural stage is considered in the habitat suitability model 
for old-forest birds, since some sites with higher productivity (e.g., moist, rich) tend to exhibit habitat 
characteristics of old stands at an earlier age than the minimum ages for mature and old stands. This is 
evident by the structural stage of the stand. 

2C.9.2 LSA Old-Forest Bird Model 

Both age class and structural stage habitat suitability ratings were considered, and a selection function 
was used to assign a single habitat rating to each vegetation community polygon in the LSA (i.e., the 
higher of the two ratings was selected). Since the dead and decaying, standing and fallen trees typical of 
old-forest stands are an important habitat feature for old-forest birds (Semenchuk 2007, Cornell Lab of 
Ornithology 2011), old age classes are assigned higher habitat suitability ratings than young and mature 
age classes (Table 2C-18). Habitat ratings assigned to structural stages consider the site moisture and 
nutrient regimes, the canopy composition of the vegetation communities, and the habitat preferences of 
birds in the old-forest community. 

TABLE 2C-18 
 

HABITAT SUITABILITY RATINGS BY ELC FOR THE LSA OLD-FOREST BIRD MODEL 

ELC ELC Description 

HABITAT SUITABILITY RATING 
Age Class Structural Stage 

Young Mature Old <5 5 6 7 
Deciduous or Deciduous-Dominant Mixedwood 
b3 blueberry Aw-Sw Low Moderate High Low Low Moderate High 
d1 low-bush cranberry Aw Low Moderate High Low Low Moderate High 
d2 Low-bush cranberry Aw-

Sw Low Moderate High Low Moderate High High 

e1 dogwood Pb-Aw Low Moderate High Low Moderate Moderate High 
e2 dogwood Pb-Sw Low Moderate High Low Moderate Moderate High 
f1 horsetail Pb-Aw Low Moderate High Low Low Moderate High 
f2 horsetail Pb-Sw Low Moderate High Low Moderate Moderate High 
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TABLE 2C-18  Cont'd 

ELC ELC Description 

HABITAT SUITABILITY RATING 
Age Class Structural Stage 

Young Mature Old <5 5 6 7 
Conifer or Conifer-Dominant Mixedwood 
c1 Labrador tea-mesic Pj-

Sb Low High High Low Moderate High High 

d3 Low-bush cranberry Sw Low High High Low Moderate High High 
e3 dogwood Sw Low High High Low Moderate High High 
f3 horsetail Sw Low High High Low Moderate High High 
g1 lab tea-subhygric Sb-Pj Low High High Low Low Moderate High 

h1 lab tea/horsetail Sw-Sb Low High High Low Low Moderate High 
i1  treed bog Low Low Moderate Low Low Low Moderate 
j1 treed poor fen Low Low Moderate Low Low Moderate Moderate 
k1 treed rich fen Low Low Moderate Low Low Moderate Moderate 

Note: 1   Habitat suitability for shrubby, graminoid and disturbed communities (e.g., i2, j2, k2, k3, l1, shrubby wetland, 
meadow, cutblock, regenerating burn, regenerating cutblocks and anthropogenic) was rated Nil since these 
vegetation communities do not have old-forest habitat characteristics. 

 

2C.9.3 RSA Old-Forest Bird Model 

The LCC data available for the RSA do not provide information on stand structural stage or age. Within 
the RSA, early seral stage forests are primarily the result of fire or anthropogenic disturbances, for which 
data are available for the RSA. Therefore, available data was deemed suitable for predicting available 
habitat for old-forest birds. LCC classes, including known disturbances, were assigned habitat suitability 
ratings based on known habitat relationships for old-forest birds and professional judgement 
(Table 2C-19). 

TABLE 2C-19 
 

HABITAT SUITABILITY RATINGS BY LCC FOR THE RSA OLD-FOREST BIRD MODEL 

LCC LCC Description Suitability Rating 
6 Lake and River Nil 
51 Closed Black Spruce High 
52 Closed Pine High 
53 Closed White Spruce High 
55 Closed Aspen, Balsam Poplar and Birch Moderate 
58 Closed Coniferous and Deciduous (40 – 60%) Moderate 
63 Closed Upland Shrub Nil 
72 Mixed Grasslands Nil 
82 Graminoid Wetlands Nil 
83 Shrubby Wetland Nil 
86 Black Spruce Bog Low 
89 Wooded Fen Low 
Disturbed Cutblocks Nil 

Regenerating Cutblocks Nil 
Regenerating Burn Nil 
Other Anthropogenic (e.g., roads, seismic lines, pipelines, 
well sites, oil and gas facilities, etc.) Nil 

 

2C.9.4 Anthropogenic Disturbance 

Bayne et al. (2005) found that while ovenbirds perceived conventional seismic lines as creating a gap in 
the forest and used it as a territory boundary, low-impact seismic lines were incorporated within their 
territory. As a result, 3D seismic lines were excluded from the data used for the old-forest bird models. 
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Bayne et al. (2008b) suggest reduced habitat effectiveness caused by noise within 300 m of compressor 
stations in boreal Alberta may affect songbird abundance. A habitat suitability reduction factor was 
applied for areas within 300 m of noisy industrial facilities (i.e., the habitat suitability rating was reduced 
by one rating value within 300 m of noisy facilities). The direct area of anthropogenic disturbances and all 
other non-forested areas were given a habitat rating of Nil. 

2C.9.5 Model Fit / Validation 

The old-forest bird community indicator is based on the CEMA Priority wildlife indicator definition, which 
includes the following species: bay-breasted warbler; black-throated green warbler; brown creeper; Cape 
May warbler; golden-crowned kinglet; red-breasted nuthatch; western tanager; white-winged crossbill; 
and winter wren (CEMA 2002). Model fit was evaluated based on 2010 and 2011 breeding songbird point 
count surveys for the Project, which identified 55 territories of old-forest associated bird species 
(comprising 8 species) within the 1 km LSA (Volume 4, Section 2B.2.6.6). Observations outside the LSA 
were excluded since this area was not included in the model for the LSA. The expected number of old 
forest associated bird territories were based on the total number of old-forest bird territories observed 
multiplied by the proportion of Nil, Low, Moderate, and High habitat represented by the point count 
stations. Multiple habitat ratings occur within the 50 m point count radius at some point stations. The 
habitat suitability rating for individual point count stations was assigned based on the dominant rating 
within each 50 m point count radius.  

Model fit for both the LSA and RSA model were deemed very good based on available data 
(Figures 2C-13 and 2C-14). As predicted, old-forest birds used higher suitability ratings more than 
expected, and lower suitability habitat less than expected. Birds detected in the Nil or Low habitat 
suitability ratings were primarily using habitat that was within the sensory disturbance zone of industrial 
facilities or roads, possibly indicating that the model provides conservative predictions regarding the 
habitat value of disturbed areas.  

 

Figure 2C-13 LSA old-forest bird model fit based on 2010 and 2011 breeding songbird survey data 
for the Project. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual detections of old-forest birds. The ratio of actual:expected should 
increase for higher suitability habitat, provided the model is appropriate for predicting 
the relative likelihood of use for old-forest birds.   
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Figure 2C-14 RSA old-forest bird model fit based on 2010 and 2011 breeding songbird survey data 
for the Project. 
Predicted proportions are based on survey coverage, and actual proportions are 
based on actual detections of old-forest birds. The ratio of actual:expected should 
increase for higher suitability habitat, provided the model is appropriate for predicting 
the relative likelihood of use for old-forest birds.   

2C.10 Sandhill Crane 

Sandhill cranes are listed as Sensitive in Alberta (ASRD 2011a). They are an indicator for wetland reliant 
species due to their large home-range, dependence on marsh and wetland habitat, and sensitivity to 
human activity, loss or alteration of wetlands and riparian areas, and changes in water quality or quantity. 
Habitat suitable for sandhill cranes may also provide habitat for a variety of other species, including 
amphibians, songbirds, rails, and waterfowl. 

2C.10.1 Habitat Requirements 

Proximity to open water is important for sandhill crane nesting habitat selection. Cranes were not 
observed to nest farther than 515 m from open water in Alberta (mean = 228 m, range = 107 – 515 m) 
(Carlisle 1982). Nests are typically situated within or near areas of emergent vegetation, typically within 
areas where mosses, sedges, and grasses are common (Carlisle 1982, Tacha et al. 1992, Baker et al. 
1995). Nests have also been located on the ground, among shrubs or other protective vegetation 
(Campbell et al. 1990). Crane typically nest in marsh habitat, but have been observed to nest in fens, 
bogs, or clearcuts (Campbell et al. 1990). Nests are most often situated within seasonally flooded areas 
(Carlisle et al. 1982, Campbell et al. 1990, Tacha et al. 1992, Baker et al. 1995, Austin et al. 2007). Water 
depth surrounding nests averaged 16 cm (range = 8-28) for sandhill cranes nesting in Alberta (Carlisle et 
al. 1982), but was as deep as 1.5 m in British Columbia (Campbell et al. 1990). Armbruster (1987) 
suggested cranes may be flexible regarding the vegetation type surrounding nests, and that water depth 
is a more important factor for nest selection. Depth of water was positively correlated with nesting 
success for cranes nesting in Idaho (Austin et al. 2007) and for cranes in Oregon (Ivey and Dugger 2008), 
likely because it provided protection from mammalian predators. Optimal water depth likely occurs in 
areas that provide sufficient vegetation to provide concealment of nests, while being sufficiently deep to 
limit access by mammalian predators. 

The size of wetlands used for nesting is variable, with wetlands as small as 0.04 ha being used (Cooper 
1996). However, larger wetlands, or smaller wetlands near a large wetland, are assumed to be preferred 
sandhill crane nesting habitat (Downs et al. 2008). Cranes are omnivorous; diets may include cultivated 
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grains and other seeds, berries, invertebrates, amphibians, small mammals, and nestling birds (Tacha et 
al. 1992). Foraging habitat is more general than nesting habitat, and may include marshes, shallow 
wetlands, swamps, fens, bogs, ponds, meadows, grasslands and agricultural fields (Tacha et al. 1992, 
Gebauer 2004). Unobstructed views, which allow for detection of predators, and lack of disturbance from 
humans are important features of foraging habitat selection (Gebauer 2004).  

Human disturbance has frequently been reported to be a key factor influencing habitat selection and 
nesting success (Armbruster 1987, Cooper 1996, Ivy and Dugger 2008). Cranes are known to abandon 
nests where human disturbance occurs, and generally select nest sites away from areas with high human 
activity. Roosting and foraging sites are similarly located away from human disturbance, but may occupy 
inactive sites previously cleared for industrial development (Cooper 1996). The extent to which cranes are 
tolerant of human activity depends on the degree of habituation and concealment provided by vegetation 
(Cooper 1996). However, cranes are assumed to avoid active roads and industrial areas (Armbruster 
1987). Cooper (1996) and Gebauer (2004) recommended maintaining a buffer of at least 400 m between 
sandhill crane habitat and human activity. 

2C.10.2 LSA and RSA Sandhill Crane Model 

An HSI model for sandhill crane was developed based on pre-existing HSI models and a thorough 
literature review of habitat requirements for this species. The form of the LSA and RSA models were 
identical. However, separate suitability indices for vegetation cover were developed for the LSA and RSA 
to accommodate differences in available land cover data. The sandhill crane HSI describes locations that 
are hypothesized to provide nesting habitat or provide foraging habitat to support nesting cranes. The HSI 
model was adapted from previously constructed HSI models (Armbruster 1987, Downs et al. 2008, 
Stantec Consulting Ltd. [Stantec] 2010), and adjusted for local conditions, modelling objectives, and best 
available information. 

Nesting habitat is assumed to be most critical for reproductive success. Available evidence suggests that 
nesting sites must be located in shallow water, have surrounding vegetation to serve as cover, and be 
located away from human disturbance (Carlisle 1982, Cooper 1996). This habitat is assumed to be 
provided by marsh habitat and areas of open fen or bog. Nesting habitat must also provide sufficient food 
resources (foraging habitat) for rearing young. Distance from openings used by cranes to forest cover 
was not modeled since it is assumed that such cover is prevalent within the LSA and RSA, and studies 
have found both positive (Carlisle 1982) and negative (Baker et al. 1995) associations with the availability 
of adjacent tree cover. 

Four components were used to calculate the nesting habitat suitability index (HSInesting) for sandhill crane: 

1. A suitability index for the vegetation community (SIcover) was produced for ELCs in the LSA 
(Table 2C-20), and LCCs in the RSA (Table 2C-21). ELCs and LCCs were assigned suitability index 
values based on how well they conform to published accounts of suitable sandhill crane habitat. A 
suitability index value of 0.25 or higher is assumed to represent suitable sandhill crane foraging 
habitat. A suitability index value of 0.5 or higher is assumed to represent suitable nesting habitat. 

2. A foraging suitability index (SIforage) accounts for the availability of sufficient foraging habitat to support 
nesting cranes. The size of sandhill crane nesting home ranges reported in eastern North America is 
200 ha (Downs et al. 2008), which suggests a radius from the nest of 780 m. The SIforage was derived 
as follows (adapted from Downs et al. 2008): 
• if 15% of habitat within a 780 m radius of a given site is considered suitable for foraging 

(SIcover > 0) then the foraging suitability index is 1 (i.e., optimal); 
• otherwise, the foraging suitability index is calculated as:  

 

 
 %    

15%   
 

3. A disturbance coefficient adjusts for the proximity to human activity. A zone of influence of up to 
400 m was used to calculate the disturbance coefficient, since this is the minimum buffer 
recommended by Cooper (1996) and Gebauer (2004). Anthropogenic disturbances included in the 
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zone of influence include primary and secondary roads, oil and gas facilities, gravel pits, the Pilot 
Project site, and active wells and compressor stations. The Project Area was also included in the 
zone of influence for the Application Case and PDC models. Similar to Armbruster (1987), nesting 
coefficients were determined as follows: 
• habitat within 100 m of areas with high human use are considered unsuitable for nesting 

(disturbance coefficient = 0); 
• sites located 100 m to 400 m from areas with high human use were assigned a disturbance 

coefficient of 0.25, since these sites have reduced nesting potential but may still be used by 
foraging cranes that become habituated to human activity.  

4. A binary nesting coefficient adjusts for proximity to suitable nesting areas. Potentially suitable 
foraging areas with no suitable nesting habitat within 780 m (SIcover ≥ 0.5) are assumed to be 
unsuitable to support nesting cranes (nesting coefficient = 0). Otherwise, the nesting coefficient is 1 
(i.e., the area could potentially be within the home range of a nesting crane). 

 
The sandhill crane nesting HSI is calculated as: 

 HSInesting = SIcover  SIforage  (disturbance coefficient)  (nesting coefficient) 

 
TABLE 2C-20 

 
COVER SUITABILITY INDEX VALUES BY ELC FOR THE LSA SANDHILL CRANE MODEL 

ELC ELC Description SIcover
1 

b3,c1,d1,d2,d3,e1,e2,e3,f1,f2,f3,g
1,h1,i1,j1,k1 

Forested; assumed not suitable for cranes 0 

i2 Shrubby Bog 0.50 
j2 Shrubby Poor Fen 0.50 
k3 Graminoid Rich Fen 1.00 
l1 Marsh 1.00 
Meadow Grassland 0.25  
Shrubby Wetland Shrubby wetlands; based on wetland classification 0.50 
Cutblock Cutblocks 0-10 years 0.25 
Regenerating Cutblock Cutblocks 11-30 years 0 
Regenerating Burn Burned by wildfire in the last 40 years 0.25 
Roads Primary and secondary roads 0 
Anthropogenic Seismic lines, pipelines, well sites, etc. 0.25 

Note:  1 Ratings of 0.25 or higher are assumed to provide some value as foraging habitat. 
 

TABLE 2C-21 
 

COVER SUITABILITY INDEX VALUES BY LCC FOR THE RSA SANDHILL CRANE MODEL 

LCC LCC Description SIcover
1 

6 Lakes and Rivers 0 
51 Closed Black Spruce 0 
52 Closed Pine 0 
53 Closed White Spruce 0 
55 Closed Aspen, Balsam Pine and Birch 0 
58 Closed Coniferous and Deciduous (40 – 60%) 0 
63 Closed Upland Shrub 0 
72 Mixed Grasslands 0.25 
82 Graminoid Wetlands 1 
83 Shrubby Wetland 0.50 
86 Black Spruce Bog 0.25 
89 Wooded Fen 0.50 
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TABLE 2C-21  Cont’d 

LCC LCC Description SIcover
1 

Disturbed Cutblocks 0.25 
Regenerating Cutblocks 0 
Regenerating Burns 0.25 
Primary and Secondary Roads 0 
Tertiary Roads 0.25 
All Other Disturbances 
(seismic lines, pipelines, well pads, etc.) 

0.25 

Note:  1 Ratings of 0.25 or higher are assumed to provide some value as foraging habitat. 
 

2C.10.3 Anthropogenic Disturbance 

Nesting sandhill crane are generally intolerant of human disturbance. The model includes a zone of 
influence of up to 400 m for active human disturbances (see previous section). Anthropogenic 
disturbances are generally given a habitat suitability rating of Nil or Low (Table 2C-20 and 2C-21). Model 
output was modified to ensure non-vegetated anthropogenic disturbances (e.g., well pads) were given a 
habitat suitability rating of Nil. The Project footprint (and a suitable zone of influence) was given a habitat 
suitability rating of Nil for both the Application and Planned Development Case. 

2C.10.4 Model Fit / Validation 

There were two few observations of sandhill crane to validate the suitability of the model at either the LSA 
or RSA scale. In addition, known locations of sandhill crane within the RSA are not necessarily indicative 
of nesting habitat, and may instead represent stopover habitat or use by nonreproductive cranes. 
However, the model is based on a thorough literature review of sandhill crane habitat preferences, and 
model predictions conform to known habitat relationships. Therefore, it is likely that the sandhill crane 
model is appropriate for assessing potential impacts on crane habitat. 

2C.11 Western Toad 

Western toad is federally listed under the Species at Risk Act as Special Concern and is provincially listed 
as Sensitive in Alberta(ASRD 2011a). Western toads require wetland and upland habitats, and movement 
corridors between these areas (Wind and Dupuis 2002). Given the importance of both suitable 
hibernation habitat and breeding ponds to western toad persistence, an HSI model was developed that 
addresses both aquatic and terrestrial habitat needs. 

2C.11.1 Habitat Requirements 

2C.11.1.1 Aquatic Habitat 

Western toads breed in various natural and artificial aquatic habitats, including ponds, stream edges, 
shallow margins of lakes, ditches, road ruts and borrow pits (Wind and Dupuis 2002, Stevens et al. 2006). 
Jones et al. (2001) suggest that while selection of breeding ponds is a balance of tradeoffs between 
predation and pond duration, the key to successful breeding habitat is the availability of warm, shallow 
water and water level stability through October. Artificial ponds created by industrial activity ditches, 
wheel ruts in roads and borrow pits are attractive to western toads for breeding because they warm early 
in the spring (Gyug 1999, Stevens et al. 2006). However, Gyug (1999) and Stevens et al. (2006) suggest 
that these shallow habitats potentially act as population sinks, since they dry up too early for successful 
metamorphosis, resulting in low or no juvenile recruitment. 

2C.11.1.2 Terrestrial Habitat 

Western toads primarily use terrestrial habitats outside of breeding. Browne et al. (2009) suggest 
landscape variables are more influential to western toad relative abundance than quality of breeding 
habitat. They modeled western toad abundance in boreal Alberta, and showed western toads respond to 
landscape variables at both short and long distances from breeding sites. At smaller landscape scales 
(e.g., 100 m surrounding breeding sites) western toad models showed positive association with closed 
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deciduous and mixedwood forests and tall shrub land cover, but negative association with low shrub 
cover. At larger scales (e.g., 5 km from breeding sites), western toad relative abundance was associated 
with closed deciduous forest, tall shrub habitat, mesic herbaceous vegetation and moss, but they were 
less abundant at wetlands with higher proportions of surrounding conifer stands, recently burned sites, 
pine, low shrubs and higher coverage of wetlands on the landscape (Browne et al. 2009). 

Riparian habitat with relatively dense vegetation is important to western toad young-of-year survival 
following metamorphosis, and is used sporadically by adults during the summer (Jones et al. 2001). The 
area within 100 m of breeding sites is important for adult toads during the breeding season and young-of-
year when they emerge, as well as for tadpoles, since the immediately adjacent landscape affects local 
conditions (e.g., shade from canopy, runoff) in nursery wetlands (Browne et al. 2009). 

Browne and Paszkowski (2010) suggest that winter is a critical time for amphibians in cold climates and, 
therefore, the availability of suitable hibernation habitat may be limiting for western toads at the northern 
edge of the species’ range and at high elevations. They found that radio tracked western toads in boreal 
forests of north-central Alberta traveled a distance, on average, of about 1086 m between breeding and 
hibernation sites (range = 146 m to 1936 m). Results of their study suggest that western toads in boreal 
forests of the Dry Mixedwood and Central Mixedwood natural subregions of north-central Alberta select 
hibernation habitats in marsh, dry and wet meadows, deciduous and coniferous forest, wet shrubland and 
burn habitat types. Further, all western toad hibernacula observed during Browne and Paszkowski’s study 
were in pre-existing tunnels or cavities such as decayed root channels in peat hummocks or coniferous 
and mixedwood forests, and red squirrel middens and tunnels; none of the tracked toads used human-
altered land cover types for hibernation. Based on these results, Browne and Paszkowski (2010) suggest 
hibernation habitat protection for western toad should focus on patches of spruce-dominated coniferous 
forest with complex habitat structure that insulates the ground surface from extreme conditions and 
creates underground cavities. Other habitat types also provide suitable hibernating conditions for western 
toad if appropriate microhabitats are present (e.g., crevice and root systems, beaver and muskrat 
structures). 

2C.11.2 LSA and RSA Western Toad Model 

Western toads require wetland and upland habitats, and movement corridors between these areas (Wind 
and Dupuis 2002). Even if breeding habitat remains intact, loss or degradation of key terrestrial habitat 
can potentially result in large negative impacts to western toad populations (Browne and Paszkowski 
2010). By modeling habitat suitability within 1 km of potentially suitable breeding habitats (i.e., the 
average distance that western toads are reported to travel to hibernation habitat from breeding ponds in 
northern Alberta), both aquatic and terrestrial habitat requirements for western toad are captured in the 
model. Suitability indices were based on the available literature, with heavy emphasis on results of 
research conducted in boreal Alberta, and also incorporated professional judgement. 

Three components were used to calculate the western toad habitat suitability index: 

1. A summer breeding/foraging suitability index (SIsummer) for ELCs in the LSA (Table 2C-22) and LCCs 
in the RSA (Table 2C-23). SIsummer values were based on how well the ELC or LCC conforms to 
published accounts of suitable western toad summer habitat for breeding and foraging. 

2. A winter hibernating suitability index (SIwinter) for ELCs in the LSA (Table 2C-22) and LCCs in the RSA 
(Table 2C-23). SIwinter values were based on how well the ELC or LCC conforms to published 
accounts of suitable western toad hibernating habitat. 

3. A waterbody distance coefficient adjusts for variation in response of western toad abundance relative 
to distance from potential breeding waterbodies (defined by hydrologic data for watercourses, 
drainages, ponds and lakes, and by ELC data for marshes). Distance coefficients were applied as 
follows: 
• A coefficient of 1 is applied to habitat within 100 m of wetlands, watercourses and drainages, 

since this area is important for all life stages: adults during breeding, recently emerged young-of-
year, and tadpoles (since adjacent terrestrial habitat influences suitability of breeding ponds) 
(Browne et al. 2009); 
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• A coefficient of 0.9 is applied to habitat that is 100 m to 1 km from waterbodies, since terrestrial 
habitat in this range is used by western toads both during summer foraging and winter hibernation 
in boreal Alberta (Browne and Paszkowski 2010); 

• A coefficient of 0.5 is applied to habitats >1 km from waterbodies, since western toads have been 
shown to respond to landscape variables at large scales (Browne et al. 2009), and tracked 
western toads in boreal Alberta have been found to travel nearly 2 km from breeding habitat to 
hibernation sites (Browne and Paszkowski 2010). While habitat >1 km from breeding sites may 
be used by some individuals that disperse farther than average to summer foraging and/or 
hibernation sites, habitats at this distance are less likely to be used by the larger proportion of the 
population. 

 
Western toads in boreal Alberta travel approximately 1 km, on average, to hibernating sites from summer 
breeding ponds (Browne and Paszkowski 2010). Given the documented mobility of western toads, 
summer breeding/foraging habitats and winter hibernation habitats are most likely spatially separated to 
some degree. As a result, summer and winter terrestrial habitats are considered compensatory (e.g., a 
high SIsummer value of can compensate for a low SIwinter value, and vice versa, since the habitats support 
different life requisites). From a spatial perspective, optimum habitat occurs when all life requisites are 
found within a minimum distance of each other (US Fish and Wildlife Service 1981). For western toads, 
proximity to breeding waterbodies affects the suitability of both summer and winter habitats. The HSI 
model for western toads reflects the compensatory relationship between summer and winter habitats, and 
the spatial relationship betwee d aquatin terrestrial an c habitats, as follows: 

 
2    

TABLE 2C-22 
 

SUMMER AND WINTER COVER SUITABILITY INDICIES BY ELC FOR THE LSA 
WESTERN TOAD MODEL 

ELC ELC Description Summer SI Winter SI 
b3 Blueberry Aw-Sw 1 0.9 
c1 Labrador tea-mesic Pj-Sb 0.2 1 
d1 Low-bush cranberry Aw 1 1 
d2 Low-bush cranberry Aw-Sw 1 0.9 
d3 Low-bush cranberry Sw 0.2 1 
e1 Dogwood Pb-Aw 1 1 
e2 Dogwood Pb-Sw 1 0.9 
e3 Dogwood Sw 0.2 1 
f1 Horsetail Pb-Aw 1 1 
f2 Horsetail Pb-Sw 1 0.9 
f3 Horsetail Sw 0.2 1 
g1 Labrador tea-subhygric Sb-Pj 0.2 1 
h1 Labrador tea/horsetail Sw-Sb 1 1 
i1 Treed bog 0.7 1 
i2 Shrubby bog 1 1 
j1 Treed poor fen 0.5 1 
j2 Shrubby poor fen 1 1 
k1 Treed rich fen 0.5 1 
k2 Shrubby rich fen 1 1 
k3 Graminoid rich fen 0.5 1 
l1 Marsh 1 1 
Meadow Meadow 1 1 
Shrubby Wetland Shrubby wetland 1 1 
Regenerating Burn Regenerating burn 0.2 1 
Regenerating Cutblock Cutblock (11-30 years) 0.2 0.2 
Cutblock Cutblock (0-10 years) 0 0 
Anthropogenic1 Seismic lines, pipelines, roads, oil and gas 

facilities, well sites, etc. 
0 0 
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TABLE 2C-23 
 

SUMMER AND WINTER COVER SUITABILITY INDICIES BY LCC FOR THE RSA  
WESTERN TOAD MODEL 

LCC LCC Description Summer SI Winter SI 
6 Rivers and Lakes 1 0.2 
55 Closed Aspen, Balsam Poplar, or Birch 1 1 
58 Closed Coniferous and Deciduous (40-60%) 1 1 
53 Closed White Spruce 0.2 1 
52 Closed Pine 0.2 1 
51 Black Spruce 0.2 1 
86 Black Spruce Bog (sphagnum understory) 0.7 1 
89 Wooded Fen 0.6 1 
83 Shrubby Wetlands 1 1 
82 Graminoid Wetlands 0.7 1 
63 Closed Upland Shrub 0.2 1 
72 Mixed Grassland 0 0 
Disturbed Cutblocks 0 0 

Regenerating Cutblocks 0.2 0.2 
Regenerating Burns 0.2 1.0 
Roads 0 0 
Other Anthropogenic (e.g., seismic lines, pipelines, 
well sites, oil and gas facilities) 0 0 

 

2C.11.3 Anthropogenic Disturbances 

The current literature does not identify an area of avoidance or zone of influence for western toads 
associated with anthropogenic disturbance. Therefore, a disturbance coefficient was not applied to the 
model for western toad. Western toad response to anthropogenic disturbance appears to be expressed 
as increased mortality risk associated with predation (e.g., cleared areas may support higher populations 
of predators), low juvenile recruitment in artificial breeding ponds that dry before metamorphosis, and 
desiccation (small metamorphs are particularly vulnerable to desiccation when trapped in road ruts or 
where riparian vegetation is disturbed) (Wind and Dupuis 2002). Western toads in northern Alberta likely 
do not use anthropogenic disturbance for hibernating (Browne and Paszkowski 2010). Anthropogenic 
disturbances, including roads, oil and gas facilities, and recent cutblocks, were assigned a habitat 
suitability rating of Nil.  

2C.11.4 Model Fit / Validation 

Several western toads were observed during systematic amphibian surveys conducted for the Project 
(see Wildlife Baseline Report in Volume 4, Appendix 2B). However, the western toad model was not 
validated at either the LSA or RSA scale, since these observations are not necessarily indicative of 
habitat suitability. Western toads were frequently observed using disturbed areas during field surveys, 
particularly rights-of-way and cutblocks, which have small breeding pools (e.g., within vehicle ruts, 
ditches, etc.) that are too fine scaled to be included in habitat mapping. Too little information is available 
to quantify the value of disturbed sites to western toads. If artificial breeding pools in these disturbed sites 
dry before metamorphosis, they may act as population sinks, where reproductive attempts are high but 
success is low. These disturbed sites were conservatively judged to be unsuitable for western toads. An 
appropriate model validation for western toad should consider reproductive success and/or over-winter 
survival, neither of which was available for the LSA or RSA. Suitability index values for western toad 
conform to available literature on habitat relationships, but may be conservative with regards to the 
habitat value of disturbed areas.   
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3.0 BIODIVERSITY 

3.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is submitting an Integrated Application to the Alberta Energy 
Resources Conservation Board (ERCB) and Alberta Environment and Water (AEW) for approval to 
construct, operate and reclaim an in-situ steam assisted gravity drainage (SAGD) bitumen recovery 
project. A comprehensive Environmental Impact Assessment (EIA) has been prepared as part of the 
Integrated Application. This section addresses biodiversity and was prepared by TERA Environmental 
Consultants (TERA).  

The proposed Blackrod Commercial SAGD Project (the Project) is located on Crown land east of the 
Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km northwest of 
the Hamlet of Wandering River, Alberta (Figure 3.1-1). The Project is expected to be developed in three 
phases over an estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of 
crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 
80,000 bbl/d (Figure 3.1-2). The proposed development will have a central processing facility (CPF) and 
is expected to have up to 69 well pads over the life of the Project. The Project is accessible from Highway 
63 using an existing access road. 

3.2 Terms of Reference 

This Biodiversity Assessment was conducted according to the final Terms of Reference (TOR) issued by 
AEW (AEW 2012). The complete Project TOR Concordance Table is provided in of Volume 1. The 
specific requirements for biodiversity are provided in Table 3.2-1 below. The Biodiversity Assessment also 
considered Sections 8.0 (Mitigation Measures), 9.0 (Residual Impacts) and 10.0 (Monitoring) of the final 
Project TOR.  

TABLE 3.2-1 
 

TERMS OF REFERENCE FOR BIODIVERSITY 

3.8.1 Baseline Information  
 
[A]  Describe and map the existing biodiversity. 
[B]  Identify the biodiversity metrics, biotic and abiotic indicators that are used to characterize the baseline biodiversity. 
3.8.2 Impact Assessment  
 
[A]  Describe and assess the potential impacts of the Project to biodiversity considering:  

a)  the biodiversity metrics, biotic and abiotic indicators selected; 
b)  the effects of fragmentation on biodiversity potential;  
c)  the contribution of the Project to any anticipated changes in regional biodiversity and the potential impact to local and regional ecosystems; and 
d)  effects during construction, operations and post-reclamation and the significance of these changes in a local and regional context. 
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3.3 Assessment Approach 

3.3.1 Objectives 

The objective of the Biodiversity Assessment is to describe the existing biodiversity resources (Baseline 
Case) in the local and regional study areas, predict and assess potential effects of the Project on 
biodiversity taking into consideration proposed mitigation measures to reduce or avoid potential effects of 
the Project, and assess cumulative effects considering existing, approved and planned developments and 
activities in the region. 

Baseline studies to collect information on existing biodiversity resources were conducted for the Project in 
2010 and 2011. The results of these studies and a review of existing local and regional information are 
provided in Appendix 3A. 

The Biodiversity Assessment uses the baseline information and the Project description to: 

• identify relevant biodiversity indicators; 

• develop appropriate technically and economically feasible mitigation; and 

• identify and evaluate residual cumulative effects associated with each biodiversity indicator, including 
a determination of significance of potential residual effects after taking into consideration proposed 
mitigation. 

3.3.2 Spatial Boundaries 

The spatial boundaries considered for the Biodiversity Assessment include the: 

• Project Area, which is defined as the area directly disturbed by Project activities;  

• Local Study Area (LSA); and  

• Regional Study Area (RSA).  

3.3.2.1 Local Study Area 

The LSA for biodiversity includes and extends beyond the Project Area, encompassing the surrounding 
area where a reasonable potential exists for Project-specific effects to occur and interact with terrestrial 
and aquatic resources.  

Terrestrial Resources 
Given the utilization of data from the vegetation and wildlife disciplines (i.e., terrestrial resources), the 
spatial boundaries for terrestrial resources are defined according to the discipline with the most spatially 
extensive boundaries. This allows for the assessment of the interactions within and among vegetation 
and wildlife components of terrestrial resources. For example, loss or alteration of species richness, 
habitat availability or suitability and distribution of species may be realized by both vegetation and wildlife 
resources. Consequently, spatial boundaries of the LSA used to assess biodiversity for terrestrial 
resources (Terrestrial LSA) are defined according to a 1 km buffer surrounding the Project Area, 
consistent with the 1 km Wildlife LSA (Figure 3.3-1). Refer to the Wildlife Assessment (Volume 4, 
Section 2.3.2) for additional information and considerations in defining the Terrestrial LSA. 

Aquatic Resources 
The LSA boundaries for aquatic resources (Aquatic Ecology LSA) considered for biodiversity were 
determined according to those watercourses, drainages and waterbodies that may be directly or indirectly 
affected by the Project. The Aquatic Ecology LSA is situated east of a large meander bend of the 
Athabasca River and includes the headwaters of drainages to the Athabasca River (Figure 3.3-2). Refer 
to the Aquatic Ecology Assessment (Volume 3, Section 4.3.2) for additional information and 
considerations in defining the Aquatic Ecology LSA for biodiversity. 
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3.3.2.2 Regional Study Area 

The RSAs for biodiversity include and extend beyond the LSAs, encompassing the surrounding area 
where reasonable potential exists for cumulative effects to occur and interact with terrestrial and aquatic 
resources. 

Terrestrial Resources 
Similar to the considerations made for the Terrestrial LSA, the spatial boundaries for the Terrestrial RSA 
are defined according to the biological discipline RSA boundaries of greatest spatial extent. The Wildlife 
RSA is larger than the Vegetation RSA and, therefore, forms the RSA for terrestrial resources in which 
regional effects are evaluated for biodiversity (Figure 3.3-1). Refer to the Wildlife Assessment (Volume 4, 
Section 2.3.2) for additional information and considerations in defining the Terrestrial RSA. 

The RSA boundaries for aquatic resources (Aquatic Ecology RSA) considered for biodiversity were 
determined by the area in which the Project has the potential to contribute to cumulative impacts on 
aquatic ecology. The Aquatic Ecology RSA is located east of the Athabasca River, north of Wandering 
River and contains the Aquatic Ecology LSA, the Athabasca River, McMillan Lake, its tributaries, and 
Duncan Creek (Figure 3.3-2). Refer to the Aquatic Ecology Assessment (Volume 3, Section 4.3.2) for 
additional information and considerations in defining the Aquatic Ecology RSA. 

3.3.3 Temporal Boundaries 

The temporal boundary for the Biodiversity Assessment was defined by the life span of the Project, which 
includes the construction, operation, decommissioning and reclamation, and closure phases. Herein, 
activities associated with construction, operation, decommissioning and reclamation will be referred to as 
the operation phase of the Project. The Project will be constructed and operated in a series of phases. 
However, the effects assessment considers either that the entire Project is undeveloped, developed or 
reclaimed. This results in a conservative evaluation so that effects are not underestimated. Construction 
is scheduled to commence in 2013 and operations in 2015. The expected life of the Project is 30 years. 
Based on this scenario, operation activities for the Project would extend from 2015 to 2045 with final 
reclamation estimated to be completed in 2050. The closure phase extends beyond the completion of 
reclamation activities in 2050, and is assessed to evaluate residual effects after all facilities and 
infrastructure have been decommissioned and removed, and all applicable mitigation measures (e.g., 
reclamation) are implemented. The closure phase assumes all reclamation activities have been 
completed and successional trajectories have been established that will return sites to pre-disturbance 
ecosite phases or prescribed reclamation conditions (target end land use). 

Further details regarding Project scheduling and timing are provided in Volume 1, Section 1.6. 

Existing conditions described in the Baseline Case are used as the basis of comparison for the 
assessment of the Application Case and Planned Development Case (PDC).  

3.3.3.1 Baseline Case 

The temporal scope of the Baseline Case is defined as the current conditions including existing 
anthropogenic disturbance (e.g., transportation, oil and gas exploration and development, timber harvest) 
as of February 2012. Resource delineation disturbances for the Project (e.g., seismic lines, BlackPearl 
SAGD Pilot Project, oil sands exploration [OSE] wells, access) completed or approved as of February 
2012 are included in the Baseline Case. 
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3.3.3.2 Application Case 

Project effects acting cumulatively with existing disturbances and activities are assessed by comparing 
the Application Case to the Baseline Case. The assessment period for the Application Case includes the 
construction, operation and closure phases for the Project as well as equivalent project phases of existing 
projects and activities (refer to inclusion list in Volume 2, Section 1.0). Although the Project will be 
constructed and operated in a series of phases, the Application Case was first assessed as a maximum 
disturbance scenario that assumes all phases of the Project are constructed and operational at the same 
time. This approach results in a conservative evaluation of effects.  

Since mitigation of effects on biodiversity is primarily associated with reclamation, a second assessment 
of effects at the closure phase was completed to evaluate predicted residual effects following 
implementation of all applicable mitigation (e.g., reclamation). The temporal boundary of the closure 
phase extends 30 years beyond completion of reclamation in 2050 to 2080. This is the approximate time-
frame expected for regeneration of reclaimed areas to a young structural stage where a natural 
successional trajectory is established according to the objectives outlined in the Conservation and 
Reclamation Plan (Volume 1, Section 11.0). 

3.3.3.3 Planned Development Case 

Cumulative effects of existing disturbances and activities, the Project and known future developments are 
assessed by comparing the PDC to the Baseline Case. The assessment period for the PDC includes the 
operation and closure phases for the Project (as in the Application Case), as well as equivalent project 
phases of existing, approved and planned (publicly disclosed as of February 2012) projects and activities 
(refer to inclusion list in Volume 2, Section 1.0). Since the PDC includes projects that have not yet 
received approval, the scope and size of future developments are expected to change. The PDC 
assessment is considered conservative since the identified future developments may or may not proceed. 
A PDC assessment is only completed for an indicator when the Application Case assessment indicates 
the effect is likely to occur.  

3.3.4 Issues 

Society’s dependence on biological resources necessitates consideration of the social, economic and 
cultural interactions with biodiversity. While healthy ecosystems provide resources for recreation, 
management of soil, air and water, as well as harvestable products including fish, game and fibres, 
exploitation affects an ecosystem’s capacity to sustain its functions (Kimmins 1997, Rapport et al. 1998, 
Schwartz et al. 2000). Ongoing monitoring and assessment of biodiversity and the anthropogenic 
mechanisms by which it may be affected is necessary to ensure sustainable management of resources. 
The mechanisms by which impacts to biodiversity may occur, include: 

• loss, alteration or displacement of species, their populations, ecosystems and/or patches associated 
with the footprints or zones of influence due to activities of existing disturbance, the Project or known 
future developments; and 

• fragmentation and/or perceived isolation of species, their populations, ecosystems and/or patches 
caused by clearing associated with the footprints of existing disturbance, the Project or known future 
developments. 

While the implications for loss of a species, ecosystem or patch may intuitively be attributed to a reduction 
in richness or other measures of biodiversity, the effects of fragmentation are process-based and 
therefore, may be less empirically obvious. Fragmentation disrupts movement of species, nutrients and, 
energy (i.e., ecological pathways), affecting patterns of distribution and association within a landscape 
(Cumulative Environmental Management Association [CEMA] 2002, Forman 1995, Saunders et al. 1991). 

Due to ecological linkage among elements of biodiversity, loss or alteration of one element (e.g., species) 
may affect the distribution and abundance of other elements (e.g., ecosystems and/or patches). For 
example, the distribution of wolves and woodland caribou in proximity to anthropogenic corridors (e.g., 
seismic lines, infrastructure rights-of-way) was found to be non-random, suggesting behavioural 
adaptation to forest fragmentation (James and Stuart-Smith 2000). By causing a disturbance to the 
distribution and association of habitat (i.e., ecosystems and patches), species associations with habitats 
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are altered. Where access to prey or other resources is altered, densities of individuals within a species 
may be further affected by perturbation to rates of birth, mortality and/or migration. 

An inclusion list of the existing activities and known future developments considered within each 
assessment case is provided in Volume 2, Section 1.0. 

3.3.5 Indicator Selection 

Given the complexity of the biological and ecological properties, relationships and processes that 
characterize biodiversity, detailed documentation and measurement of all variables is not feasible due to 
logistic, budgetary and/or biological limitations. Alternatively, variation of biodiversity may be extrapolated 
from the variation observed within a subset of ecologically or biologically meaningful parameters. The 
variation derived from the cumulative consideration of these parameters is called biodiversity potential. 
Ecosystem Biodiversity Potential and Landscape Biodiversity Potential are the indicators for which 
impacts to biodiversity were assessed for the Project. Given inherent differences between biological and 
geospatial data sources for ecosystems and landscapes, Ecosystem Biodiversity Potential and 
Landscape Biodiversity Potential were determined independently of one another. 

Measurable parameters (parameters) of biodiversity are broad expressions of biological or ecological 
factors known to vary with biodiversity in a predictable manner allowing for inferential quantification of 
biodiversity. For example, in cases where density of species is constant or otherwise not of consideration, 
higher species richness confers higher biodiversity (Noss 1990). Therefore, species richness may be 
considered a valid parameter by which to measure biodiversity potential. 

The following criteria were used to select parameters and associated metrics for measuring key aspects 
of biodiversity in this assessment: 

• parameters should be quantifiable either by desktop review, field observation or analysis within a 
geographic information system (GIS); 

• parameters should vary and respond to disturbance within the spatial and temporal boundaries of the 
Project; and 

• parameters should vary positively with their associated influence on, or response to, changes in 
biodiversity. 

Parameters are calculated according to defined metrics (e.g., richness, Shannon Weaver Evenness 
Index), and summarized according to Biodiversity Indices organized according to the associated level of 
biological organization (e.g., Species Biodiversity Index), as shown in Table 3.3-1. 

TABLE 3.3-1 
 

INDICATORS OF BIODIVERSITY, BIODIVERSITY INDICES, MEASURABLE PARAMETERS AND 
ASSOCIATED METRICS 

Indicator Biodiversity Index Measurable Parameter Metric 

Ecosystem 
Biodiversity Potential 

Species 
Biodiversity Index 

Potential Species Richness Maximum Species Richness 
Observed Rare / Sensitive Species Rare / Sensitive Species Richness 
Potential Rare / Sensitive Species Rare / Sensitive Species Richness 
Unique Species Mean Habitat Specificity 

Ecosystem 
Biodiversity Index 

Potential Rare Ecosystems Rare Ecological Community Richness 

Unique Ecosystems Mean Compositional Dissimilarity 
Habitat Diversity1 

Landscape 
Biodiversity Potential 

Patch-specific Landscape 
Biodiversity Index 

Patch Area Patch Area 
Patch Neighbourhood Similarity Patch Neighbourhood Similarity 
Natural Edge Natural Edge 

Ecosystem-specific 
Landscape 
Biodiversity Index 

Patch Shape Distribution Patch Shape  
Shannon Weaver 
Evenness Index 
Coefficient of Variation 

Unique Ecosystems Ecosystem Richness 

Note: 1 Applies to aquatics resources only. 
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The following sections provide justification for selected parameters and the methods for calculation of 
their respective metrics. Detailed methods and the results from calculation of associated metrics are 
provided in Appendix 3A. 

3.3.5.1 Ecosystem Biodiversity Potential 

Species Biodiversity Index 
Parameters were selected for their capacity to represent biodiversity at the species level of biological 
organisation, which include: 

• potential species richness; 

• observed rare / sensitive species; 

• potential rare / sensitive species; and  

• unique species. 

Potential Species Richness 
Biodiversity among ecosystems is positively influenced by both variation in the density of species and the 
number of species observed (i.e., species richness). Where density of species is constant or otherwise 
not of consideration, higher species richness infers higher biodiversity (Noss 1990). Furthermore, species 
richness is known to vary positively with area of habitat (Magurran 2004). Landscapes dominated by 
ecosystems with high potential species richness will exhibit greater biodiversity than those landscapes 
dominated by ecosystems with low potential species richness. Activities associated with the clearing and 
reclamation of the Project will necessarily affect the area of ecosystems and, therefore, may affect the 
level of biodiversity in a landscape. 

Observed and Potential Rare / Sensitive Species 
Rare or sensitive species are those determined to be of conservation concern due to one or more factors 
of their biology or environment. The presence of rare or sensitive species not only contributes to overall 
species richness within a study area, but may also indicate the presence of unique conditions or 
associations further influencing diversity within other taxonomic groups, ecosystems or across the 
landscape of a study area (Noss 1990). Therefore, greater proportions of rare or sensitive species within 
an ecosystem may indicate greater biodiversity than those with relatively fewer rare or sensitive species. 
By interacting with the factors affecting their rarity or sensitivity, activities associated with the clearing, 
construction, operation and reclamation of the Project may potentially affect populations of rare or 
sensitive species encountered by, or with potential to occur in the vicinity of the Project and, therefore, 
affect biodiversity. 

Unique Species 
Although species uniqueness may coincide with rarity or sensitivity, variation of a species’ local 
distribution may differ from that observed across its entire range and, therefore, a conservation status 
used to define rarity or sensitivity may not accurately reflect how unique a species is to the study area. 
Unique species may have limited distribution within a study area, corresponding to a species’ inherent 
degree of habitat specificity. Habitat specificity is characterized on a spectrum that ranges from specialists 
(i.e., high specificity) to generalists (i.e., low specificity). A landscape composed of ecosystems dominated 
by primarily habitat generalists would necessarily exhibit lower biodiversity relative to a similar landscape 
with ecosystems dominated by primarily habitat specialists, since fewer generalist species could occupy 
the same number of habitats that a community of alternatively specialist species would occupy. Many 
habitat specialists are known to respond negatively to fragmentation and disturbance and, therefore, may 
be affected by activities associated with the clearing, construction, operation and reclamation of the 
Project (Devictor et al. 2008). 
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Ecosystem Biodiversity Index 
Parameters were selected for their capacity to represent biodiversity at the ecosystem level of biological 
organisation, which include: 

• potential rare ecological communities; and 

• unique ecosystems. 

Potential Rare Ecological Communities 
Ecosystems are characterized by communities of vascular plant species that may vary among 
occurrences of the ecosystem within a predictable range of variation that has allowed for the development 
of ecological classification schemes. Due to site-specific, locally or regionally unique ecological 
conditions, vegetation communities may develop that are not characteristic of the community composition 
typically identified for a specified ecosystem. The vegetation communities that develop under these 
unique conditions (i.e., rare ecological communities) are determined to be of conservation concern due to 
one or more factors of their ecology or biological factors of their component species. The presence of rare 
ecological communities positively relates to biodiversity within a landscape, by increasing the number of 
unique species associations and ecological pathways within an ecosystem (Noss 1990). 

Unique Ecosystems 
Mean Compositional Dissimilarity 

Communities of species vary in composition among ecosystems. Due to the variation of persistent 
associations among species and the similarity of potential ecological niches among ecosystems, 
ecosystems may vary in the similarity of their associated communities. This variation may be 
characterized across a spectrum ranging from compositionally similar communities (communities 
exhibiting complete similarity may be considered to be from the same ecosystem), to compositionally 
dissimilar communities. Ecosystems characterized by compositionally dissimilar communities (i.e., less 
similar to other ecosystems) contribute more to biodiversity than ecosystems composed of similar species 
assemblages by increasing the number of unique species associations within a landscape. 

Habitat Diversity 

The relative uniqueness of an ecosystem may be influenced by the number of habitat types and their 
respective density within that ecosystem. Specifically, ecosystems with a greater number and even 
distribution of available habitats (i.e., greater habitat diversity) may provide a greater number of ecological 
niches compared to ecosystems with lower habitat diversity. Consequently, a greater number of 
ecological niches may support greater species richness and, therefore, greater biodiversity. 

Since activities associated with the clearing, construction, operation and reclamation of the Project will not 
result in alteration or loss of aquatic ecosystems (i.e., Drainage Basins, Lentic / Lotic Drainage Features) 
or habitats (i.e., GF classes), the diversity of habitats is anticipated to not vary among Project phases 
and, therefore, may be quantified and discussed in the context of Ecosystem Biodiversity Potential. 
Conversely, since clearing and reclamation activities for the Project will result in the alteration or loss of 
terrestrial ecosystems, this parameter may be quantified for each of the Project phases and, therefore, 
has been addressed in the context of Landscape Biodiversity Potential (refer to the Unique Ecosystems 
parameter below). 

Ecosystem Biodiversity Potential 
The average between the Species Biodiversity Index and Ecosystem Biodiversity Index for a given 
ecosystem was calculated to achieve its Ecosystem Biodiversity Potential. Categorical rankings of low, 
moderate, high and unrankable Ecosystem Biodiversity Potential were assigned then mapped and, in the 
case of terrestrial resources, was quantified for the areal extent of each rank (i.e., low, moderate, high 
and unrankable) in the associated study area. 
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3.3.5.2 Landscape Biodiversity Potential 

Geospatial data was analysed for metrics of landscape parameters of biodiversity using the FRAGSTATS 
Landscape Analysis Tool Version 3.3 (McGarigal et al. 2002). Since the Project is not anticipated to 
impact the spatial arrangement or structure of aquatic ecosystems (e.g., Drainage Basins, Lentic / Lotic 
Drainage Features), calculation of landscape metrics and subsequent impact assessment for Drainage 
Basins and drainage features in the Aquatic Ecology LSA and RSA was not conducted. 

Landscape metrics are quantitative values intrinsic to the spatial and temporal identity of each occurrence 
of an ecosystem within a landscape (i.e., a patch). Although landscape metrics are determined according 
to patch-specific traits, their functional relationship with ecological processes may be more applicable to 
the ecosystem as a whole rather than to each specific patch. Consequently, both patch-specific and 
ecosystem-specific Landscape Biodiversity Indices were calculated, based on the mean of calculated 
values across the suite metrics calculated for selected parameters. 

Patch-Specific Landscape Biodiversity Index 
While patches may be attributed to ecosystems, due to the continuously scaled manner in which patch-
specific parameters vary, metrics for parameters of landscape biodiversity were determined for individual 
patches. The parameters selected for demonstrating patch-specific variation of biodiversity at the 
landscape level of biological organisation include: 

• patch area;  

• patch neighbourhood similarity; and 

• natural edge. 

Patch Area 
Where patches are considered independently from the surrounding environment, species richness 
increases with the area of the associated patch (Magurran 2004, Simberloff 1974). Therefore, large 
patches are more likely to contain a greater number of species than smaller patches, thereby relating 
positively to biodiversity. Activities associated with the clearing of vegetation for the Project will affect 
patch area and, therefore, may affect species richness in affected patches. 

Patch Neighbourhood Similarity 
Although ecosystems exhibit variation that may be artificially defined according to discrete categories, 
natural variation among ecosystems exists across a spectrum of similarity. Furthermore, spatial 
dispersion and size of patches in a landscape may interact with the variation of similarity among 
ecosystems. Consequently, the functional distance between neighbour patches (i.e., patches of identical 
ecosystem classification not in contact with one another) may be relative to the patch “neighbourhood” 
(i.e., the collection of patches surrounding a focal patch). If two neighbour patches are divided by a 
neighbourhood of large, relatively similar patches, then the functional distance between neighbour 
patches would be much less than if they were separated by a neighbourhood of small, relatively dissimilar 
patches. By regarding patches as islands of habitat within a neighbourhood of variably similar matrix, 
biodiversity within a specific patch may be affected by the level of isolation from neighbour patches 
determined by the degree of similarity in the neighbourhood (Simberloff 1974). Consequently, higher 
levels of biodiversity may be supported where a patch is surrounded by a neighbourhood of relatively 
similar ecosystems. Regardless of the creation of barriers to movement of wildlife species, activities 
associated with the clearing, construction and reclamation of the Project have potential to affect the 
neighbourhood of patches within the landscapes of the Terrestrial LSA and RSA. 

Natural Edge 
Linear and spatially expansive anthropogenic disturbances create edges within naturally-occurring 
patches which may negatively affect the biodiversity in adjacent or bisected patches. Patches with greater 
extents of edge in common with anthropogenic disturbance are potentially less suitable for native species, 
may be more susceptible to invasion by non-native species and other environmental edge effects. 
Furthermore, the edge in contact with anthropogenic disturbance may act as a barrier to the movement of 
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individuals, energy and nutrients between patches. Consequently, patches characterized by greater 
proportions of their respective perimeter in contact with naturally occurring ecosystems may exhibit 
greater biodiversity than those patches with relatively high contact with anthropogenic disturbance. 
Activities associated with the clearing and reclamation of the Project may affect the proportion of natural 
edge for patches within the landscapes of the Terrestrial LSA and RSA. 

Ecosystem-Specific Landscape Biodiversity Index 
The parameters selected for demonstrating ecosystem-specific variation of biodiversity at the landscape 
level of biological organisation include: 

• unique ecosystems; and 

• patch shape distribution. 

Unique Ecosystems 
Variation of an ecosystem’s distribution in a study area may differ from the distribution across its entire 
range. Similar to the function of rare and unique species across a landscape, otherwise common 
ecosystems may be rare in a study area and, therefore, positively contribute to biodiversity by providing 
habitat conditions otherwise not facilitated by more common ecosystems. Consequently, activities 
associated with the clearing and reclamation of the Project may affect the number of patches for 
ecosystems within the landscapes of the Terrestrial LSA and RSA. 

Patch Shape Distribution 
Due to the relative importance of different patch shapes (e.g., broad, evenly-shaped patches; and long, 
narrowly-shaped patches) and edge convolutions (refer to the discussion of Patch Shape, above), patch 
shape may affect patterns of habitat occupancy and utilization, thereby influencing variation of biodiversity 
(Noss 1990). While extensive areas of consistent habitat may be maximized when patches are evenly 
broad (i.e., round) in shape, corridors function to provide connectivity between round patches. 
Consequently, an even distribution of a wide variation of patch shapes is considered favourable to the 
maintenance of biodiversity within a landscape (CEMA 2002). Activities associated with the clearing and 
reclamation of the Project may affect the distribution of patch shapes within the landscapes of the 
Terrestrial LSA and RSA. 

Landscape Biodiversity Potential 
Landscape Biodiversity Potential was calculated for each patch in the assessed landscape, according to 
the average between the patch-specific and ecosystem-specific Landscape Biodiversity Indices for the 
ecosystem attributed to the patch in consideration. Since the metrics for parameters of landscape 
biodiversity may vary with impacts to patches due to activities associated with the clearing and 
reclamation of the Project, so too may Landscape Biodiversity Potential vary within the landscapes of the 
Terrestrial LSA and RSA. 

3.3.6 Assessment Criteria 

The criteria used to assess residual effects on biodiversity (Table 3.3-2) are adapted from the general 
criteria (Volume 2, Section 1.0) to reflect the issues and effects assessment methods specific to 
biodiversity. Residual effects were assessed quantitatively wherever feasible. Qualitative assessments 
and professional judgment were incorporated where appropriate. 

3.3.6.1 Significance Determination 

All assessment criteria were considered for each residual effect. Where appropriate, the key or most 
influential assessment criteria used to determine the significance of each residual effect are noted (e.g., 
magnitude, reversibility, probability of occurrence of the effect). The significance determinations 
incorporate professional judgment, which allows integration of all of the effects criteria ratings to provide 
relevant significance conclusions that are sensitive to context and facilitate decision-making 
(Lawrence 2007). 
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Wherever feasible, quantitative methods were used in the determination of residual effects. Scenarios 
where such methods could be applied necessitate the ability to quantify the effect for the different phases 
of the Project (i.e., operation phase, closure phase), and across the different cases of the assessment 
(i.e., Baseline Case, Application Case and PDC). 

Adverse residual effects that are reversible, or are permanent and negligible, low or medium in 
magnitude, are considered not significant. Where the Project may act in combination with existing 
disturbance (Application Case) and known future developments (PDC) to result in a permanent residual 
effect that is negative in direction (i.e., adverse) and of high magnitude, it is considered significant. Where 
an effect is predicted to be positive in direction, a conclusion regarding significance of the effect is not 
warranted as this would represent a net benefit to biodiversity. 

TABLE 3.3-2 
 

RESIDUAL EFFECTS ASSESSMENT CRITERIA 

Assessment Criteria Definition 

IMPACT BALANCE – of the residual effect 
Positive A positive impact balance is considered to have a net benefit to biodiversity.  
Neutral A neutral balance is defined as no net benefit or loss to biodiversity.  
Negative A negative impact balance is considered to be a net loss or detriment to biodiversity. 
SPATIAL BOUNDARY 
Project Area The residual effect is confined to the area directly disturbed by Project activities. 
LSA The residual effect extends beyond the area of direct disturbance (Project Area) but is limited to the LSA. The LSA includes the 

Project Area as well as the surrounding area where there is a reasonable potential for Project-specific effects to occur. Project-
specific residual effects to terrestrial and aquatic resources were assessed according to a Terrestrial and Aquatic Ecology 
LSAs that were consistent with the 1 km buffered LSA for wildlife (Volume 4, Section 2.3.2) and the LSA for aquatic ecology 
(Volume 3, Section 4.3.2), respectively. 

RSA The residual effect extends beyond the LSA but is limited to the RSA. The RSA includes the Project Area, LSA and 
surrounding area where there is potential for cumulative and/or wider-spread Project effects. Cumulative residual effects to 
terrestrial and aquatic resources were assessed according to a Terrestrial and Aquatic Ecology RSAs that were consistent with 
the wildlife RSA (Volume 4, Section 2.3.2) and the RSA for aquatic ecology (Volume 3, Section 4.3.2, respectively. 

Province The residual effect extends beyond the RSA, but is confined to Alberta. 
National The residual effect extends beyond the province but is confined to Canada. 
International The residual effect extends beyond Canada. 
TEMPORAL CONTEXT 
Duration1 Short-term The residual effect is limited to clearing and construction activities associated with the operation phase of the Project. 

Medium-term The residual effect occurs throughout the operation phase of the Project. 
Long-term The residual effect occurs up to and including the closure phase of the Project. 

Frequency2 Accidental The residual effect occurs rarely over assessment period. 
Isolated The residual effect is confined to specified phase of the assessment period (e.g., construction phase). 
Occasional The residual effect occurs intermittently and sporadically over assessment period. 
Periodic The residual effect occurs intermittently but repeatedly over the assessment period. 
Continuous The residual effect occurs continually over the assessment period. 

Reversibility Reversible The residual effect is predicted to be reversible. 
Permanent The residual effect is predicted to be irreversible. 

MAGNITUDE3 –the severity or scale of the residual effect 
Negligible Potential residual effects vary by less than or equal to 1% from baseline conditions or are not detectable. 
Low Potential residual effects vary by greater than 1% and less than or equal to 5% from reference conditions, are detectable but 

well within environmental, social and/or regulatory standards. 
Medium Potential residual effects vary by greater than 5% and less than or equal to 10% from reference conditions, are detectable and 

may approach, but are still within the environmental, social and/or regulatory standards. 
High Potential residual effects vary by greater than 10% from reference conditions or are beyond environmental, social and/or 

regulatory standards. 
PROBABILITY OF OCCURRENCE - likelihood of the residual effect 
High Likely 
Low Unlikely 
LEVEL OF CONFIDENCE4 - degree of certainty related to significance evaluation 
Low Determination of significance based on incomplete understanding of cause-effect relationships and incomplete data pertinent 

to the study area. 
Moderate Determination of significance based on good understanding of cause-effect relationships using data from outside the Project 

area or incompletely understood cause-effect relationships using data pertinent to the study area. 
High Determination of significance based on good understanding of cause-effect relationships and data pertinent to the study area. 
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TABLE 3.3-2  Cont’d 

Assessment Criteria Definition 

SIGNIFICANCE – of the residual effect 
Significant An adverse (i.e., negative impact balance), residual effect that is permanent and varies by greater than 10% from reference 

conditions or is beyond environmental, social and/or regulatory standards and cannot be technically or economically mitigated. 
Not Significant An adverse residual effect that is reversible, or permanent and varies by less than or equal to 10% from reference conditions or 

is within environmental, social and/or regulatory standards and cannot be technically or economically mitigated. 
Notes: 1 The Duration includes the time over which the residual effect extends. 
 2 The assessment period for the Application Case and PDC includes planning, construction, operation, decommissioning and reclamation 

activities for the operation phase of the Project as well as equivalent project activities that have previously occurred (Application Case and 
PDC) and those that are planned or publicly disclosed (PDC).  

 3 There are no environmental standards, thresholds, guidelines or objectives for many of the indicators and construction/operation issues 
evaluated. Therefore, the determination of magnitude of the adverse residual effect often entailed a historical consideration of the assessment 
of magnitude made by regulators, land authorities, lessees, other stakeholders and the assessment team. The assessment team was also 
aware of the increasingly stringent societal norms related to environmental effects. 

 4 Level of confidence was affected by availability of data, precedence, and degree of scientific uncertainty or other factors beyond the control of 
the assessment team. 

 

3.4 Methods 

3.4.1 Ecosystem Biodiversity Potential 

Biological data from field surveys and desktop reviews of the aquatic ecology, vegetation and wildlife 
assessments was compiled for quantification of metrics for parameters known to vary with biodiversity. 
Parameters were quantified by calculation of select metrics, conducted according to the ecosystems 
encountered in each study area. Metrics were then summarized in the form of biodiversity indices, 
calculated according to the mean of standardized metrics for species and ecosystem parameters of 
biodiversity, achieving Species and Ecosystem Biodiversity Indices, respectively. The average between 
the Species Biodiversity Index and Ecosystem Biodiversity Index for each ecosystem was calculated to 
achieve its respective Ecosystem Biodiversity Potential. 

Categorical rankings of low, moderate and high were assigned to the values of Ecosystem Biodiversity 
Potential according to respective ranges divided at the 25th and 75th percentiles of the rank-order 
distribution for Ecosystem Biodiversity Potential across all ecosystems assessed for the respective study 
area. Terrestrial ecosystems associated with disturbance, non-terrestrial mapped features (e.g., clouds, 
water) or where data is not available to facilitate ranking, have been designated unrankable. 

Further details regarding the calculation of and, results for, metrics for parameters of biodiversity, 
biodiversity indices and Ecosystem Biodiversity Potential are presented in Appendix 3A. 

3.4.2 Landscape Biodiversity Potential 

Landscape metrics are quantitative values intrinsic to the spatial and temporal context of each occurrence 
of an ecosystem within a landscape (i.e., a patch). Although landscape metrics are determined according 
to patch-specific traits, the functional relationship of these traits with ecological processes may be more 
applicable to all occurrences of an ecosystem as a whole (i.e., ecosystem-specific), rather than to each 
patch independently (i.e., patch-specific). Consequently, both patch-specific and ecosystem-specific 
Landscape Biodiversity Indices were calculated from the mean response across the suite metrics for 
selected parameters. The average between the patch-specific landscape biodiversity index and 
ecosystem-specific landscape biodiversity index for each patch and its respectively attributed ecosystem 
was calculated to obtain a Landscape Biodiversity Potential. 

Further details regarding the calculation of and, results for, metrics for parameters of landscape 
biodiversity, biodiversity indices and Landscape Biodiversity Potential are presented in Appendix 3A. 

For the purposes of the assessment, the distribution of Landscape Biodiversity Potential was quantified 
across all patches for naturally occurring ecosystems (i.e., identified to a non-disturbed ecosystem type) 
within the Terrestrial LSA and RSA by calculating the mean, median, skewness and standard deviation of 
Landscape Biodiversity Potential for each ecosystem and overall throughout each study area.  
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The mean of the distribution identifies the average Landscape Biodiversity Potential value calculated 
among all patches and provides a measure of central tendency. Another measure of central tendency, the 
median, identifies the middle Landscape Biodiversity Potential value among all patches. Qualitative 
comparison of differences between the median and the mean will assist interpretation of the skewness 
and standard deviation of Landscape Biodiversity Potential. Skewness and standard deviation describe 
the manner in which the variation of Landscape Biodiversity Potential is distributed about the mean. 
Specifically, skewness identifies how even the variation of Landscape Biodiversity Potential is distributed 
about the mean which represents not only a magnitude but also whether the calculated skewness is 
negative or positive. Generally, negative skew indicates that data is unevenly spread distributed about the 
mean with the lower tail of the distribution being more heavily weighted than the upper. Conversely, 
positive skew indicates that the upper tail of the distribution is more heavily weighted than the lower. 
Standard deviation identifies how broad the variation of Landscape Biodiversity Potential is distributed 
about the mean. 

3.5 Baseline Case 

3.5.1 Ecological Context 

The Terrestrial LSA is located within the Boreal Mixedwood Ecological Area (Beckingham and 
Archibald 1996), which corresponds to the Central Mixedwood Natural Subregion (Natural Regions 
Committee [NRC] 2006). Although the Project Area is located within the Central Mixedwood Natural 
Subregion, approximately 12% of the Terrestrial LSA is located within the Lower Boreal Highlands Natural 
Subregion. 

The Central Mixedwood Natural Subregion is the largest Natural Subregion in Alberta and is 
characterized by upland forests and wetlands on level to gently undulating plains. Upland forests are a 
mosaic of aspen, mixedwood and white spruce. Jack pine stands occur on coarser materials. Wetlands 
are often extensive and are dominated by black spruce fens and bogs (NRC 2006). 

Landscapes in the Lower Boreal Highlands Natural Subregion are characterized by diverse mixedwood 
forests on moist lower slopes of northern hill systems and extensive wetlands at slope bases and on 
adjacent lowlands. Forests are a mix of aspen, balsam poplar, black spruce, white spruce, white birch 
with hybrids of lodgepole pine and jack pine occurring specifically on slopes. Treed, shrubby or graminoid 
fens occur in depressions, seepage zones or level areas. This Natural Subregion has slightly colder 
winters and warmer summers than the higher-elevation Upper Boreal Highlands Natural Subregion and is 
moister and cooler than the adjacent Central Mixedwood and Dry Mixedwood Natural Subregions 
(NRC 2006). 

The distribution of ecosystems in the boreal forest has been influenced by the extent and interaction of 
numerous abiotic factors (e.g., soils, landforms and climate) in addition to naturally occurring sources for 
disturbance (e.g., fire, forest pests), that combine to affect the establishment and composition of discrete 
vegetation patches (CEMA 2002). Since stand-limiting abiotic factors vary in distribution throughout a 
landscape, patches may similarly be variably distributed. The variation of patch distribution has resulted in 
a discontinuous distribution of ecosystems, a natural source of fragmentation in the Landscape.  

Several mammal and avian species, as well as a few species of amphibians and reptiles, occur within the 
Boreal Forest Natural Region (NRC 2006). The Boreal Forest Natural Region has an exceptionally 
diverse avifauna and is one of the main breeding grounds for migratory birds in North America. Within the 
Natural Region, species diversity is typically high within mixedwood forest and areas of tall shrub cover 
associated with swamps, beaver ponds, streams, and lakes (NRC 2006). 

The Aquatic Ecology LSA is located along the east side of the Athabasca River north of the Hamlet of 
Wandering River. Lentic drainage features include ponded waters associated with beaver-impounded 
drainages and shallow open water wetlands. Lotic drainage features encountered throughout the Aquatic 
Ecology LSA range from seasonal drainages collecting runoff from the uplands to the east and north to 
slow meandering channels that braid through extensive wetlands to the west and, faster flowing 
permanent watercourses providing final passage of surface water to the Athabasca River. 

Existing anthropogenic activities that have caused disturbance to ecosystems within the Terrestrial and 
Aquatic Ecology LSAs include: the construction and operation of oil and gas well sites, compressor 
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stations and facilities; development of timber resources; and construction and maintenance of linear 
corridors that include pipeline rights-of-way, roads and seismic lines. Clearing and construction for these 
existing activities has resulted in conversion of naturally vegetated areas to lands with variable capacity to 
sustain biodiversity of terrestrial and aquatic resources. Furthermore, while fragmentation of the boreal 
forest has been attributed to naturally occurring abiotic factors and sources for disturbance, 
anthropogenic activities that result in the clearing of vegetation may incrementally affect fragmentation by 
causing dissection of naturally-occurring patches (CEMA 2002). In addition to the spatial extent of 
clearing activities that have caused disturbance to natural areas and landscape fragmentation, 
construction and operation activities associated with resource development (i.e., oil and gas, timber) 
create zones of influence that extend outside the footprint of cleared areas (Volume 4, Section 1.3.4; 
Volume 4, Section 2.4.4).  

Similar to the effects on terrestrial resources of biodiversity, existing disturbance to aquatic resources of 
biodiversity has been primarily caused by clearing of riparian vegetation and access improvements where 
drainage features have been crossed by linear corridors. Given the remote location of the Project, 
mortality of fish and wildlife is limited and has typically been associated with sport hunting, trapping and 
angling (Volume 3, Section 4.6.1; Volume 4, Section 2.4.6). 

A review of baseline data from the contributing biological disciplines (i.e., aquatic ecology, vegetation and 
wildlife) was conducted and analyzed for the determination of reference conditions upon which impacts to 
biodiversity could be assessed (Appendix 3A). For the purposes of this assessment, the reference 
conditions established within the Baseline Case presented below are assumed to be inclusive of the 
incremental alteration of biodiversity associated with existing disturbance and associated activities. 

3.5.2 Ecosystem Biodiversity Potential 

3.5.2.1 Local Study Area 

Terrestrial Resources 
High levels of Ecosystem Biodiversity Potential were distributed among moist to wet mixedwood and 
coniferous forests including the e2, e3, f3 and h1 ELC classes, in addition to wetlands of relatively rich 
nutrient regime including k1 and k2 ELC classes (Figure 3.5-1). The distribution of ranked Ecosystem 
Biodiversity Potential for the Terrestrial LSA is shown on Figure 3.5-2. As shown in Figure 3.5-2, the 
areas of the Terrestrial LSA distributed among high, moderate, low and unrankable levels of Ecosystem 
Biodiversity Potential for the Baseline Case are provided in Table 3.5-1. 

Approximately 20% of the Terrestrial LSA is characterized by ELC classes having High levels of 
Ecosystem Biodiversity Potential, primarily associated with the mesic to moist mixedwood upland forests 
described above. Nearly half of the Terrestrial LSA was allocated to ELC classes deemed to be of 
moderate and low Ecosystem Biodiversity Potential, distributed across approximately 27% and 18% of 
the Terrestrial LSA, respectively. Due to the extent of disturbance associated with existing activities, ELC 
classes considered unrankable for Ecosystem Biodiversity Potential comprised more than one-third of the 
Terrestrial LSA (i.e., 35%). 
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Figure 3.5-1 Distribution of Ecosystem Biodiversity Potential according to Ecological Land 
Classification for Terrestrial Resources within the Terrestrial LSA. 

Note: Categories of Ecosystem Biodiversity Potential are depicted according to the portrayed colour scheme 
(i.e.,  Low,  Moderate,  High) and were delimited at the 25th and 75th percentiles (i.e., 0.54 and 
0.67, respectively) of the distribution for ELC classes in the Terrestrial LSA (Appendix 3A, 
Attachment 3A2). 

 

 

TABLE 3.5-1 
 

AREAL EXTENT OF RANKED ECOSYSTEM BIODIVERSITY POTENTIAL  
FOR THE BASELINE CASE WITHIN THE TERRESTRIAL LSA 

Ecosystem Biodiversity Potential Area (ha) Proportion of LSA (%) 
High 1,708.5 20.3 

Moderate 2,301.9 27.4 
Low 1,489.8 17.7 

Unrankable 2,911.4 34.6 
Total 8,411.6 100 

  



TWP. 77

RGE. 17 W4M

TWP. 76

RGE. 18 W4M

3

8

6

4
2

4

1

7

3

9

9

5

26

15

25

16

30

20

21

3231

17

10

27 26

28

22

28

27

28

15

35

23

15

13

10

21

24

29

11

21

34

23

16

12

33

20

17

33

34

24

30

13

25

22

15 14

36

21

14

27

22

19

18
16

22

19

18
16

29

27

¯

FIGURE 3.5-2

BASELINE CASE ECOSYSTEM BIODIVERSITY
POTENTIAL FOR THE LSA

BLACKPEARL RESOURCES INC. 
PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

SCALE:  1: 60,000

(All Locations Approximate)

0 0.5 1 1.5

km

Although there is no reason to believe that there are any errors associated with the data used to generate this product or in the product itself,
users of these data are advised that errors in the data may be present.

May 2012

t6790_VEG_Fig3.1_1_Jan2012.mxd

UTM Zone 12N:
Project Area: Altus Geomatics 2012; 

Ecological Land Classification: TERA Environmental Consultants 2012c; Hydrography: AltaLIS 2011c.; Road: IHS Inc., 2011c.

Ecosystem Biodiversity Potential  

High

Moderate

Low

UnrankedWaterbody

Watercourse

Existing Blackrod Road

Terrestrial Local Study Area

Project Area



BlackPearl Resources Inc.  Biodiversity 
Blackrod Commercial SAGD Project  Volume 4 - Section 3.0 

 

 
   

Page 3-20 

Aquatic Resources 
Variation of Ecosystem Biodiversity Potential among the Drainage Basins encountered in the Aquatic 
Ecology LSA ranged from Drainage Basin A exhibiting the highest Ecosystem Biodiversity Potential, 
contrasted by the lowest value determined for Drainage Basin B (Figure 3.5-3). The distribution of ranked 
Ecosystem Biodiversity Potential for aquatic resources is shown on Figure 3.5-4. Drainage Basin E was 
considered unrankable due to a lack of available of biological data, since surveys for fish and benthic 
invertebrate sampling were not conducted. 

 

0

0.2

0.4

0.6

0.8

1

A B C D

E
co

sy
st

em
 B

io
di

ve
rs

ity
 P

ot
en

tia
l

Drainage Basin

25th Percentile
75th Percentile

Figure 3.5-3 Distribution of Ecosystem Biodiversity Potential according to Drainage Basin for 
Aquatic Resources within the Aquatic Ecology LSA. 

Note: Categories of Ecosystem Biodiversity Potential are depicted according to the portrayed colour scheme 
(i.e.,  Low,  Moderate,  High) and were delimited at the 25th and 75th percentiles (i.e., 0.67 and 
0.80, respectively) of the distribution for ELC classes in the Aquatic Ecology LSA (Appendix 3A, 
Attachment 3A2). 
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3.5.2.2 Regional Study Area 

Terrestrial Resources 
Similar to the results of Ecosystem Biodiversity Potential for the Terrestrial LSA, high Ecosystem 
Biodiversity Potential was attributed to mixedwood upland forests and graminoid wetlands. Treed 
wetlands and coniferous forests dominated by jack pine were considered to have low Ecosystem 
Biodiversity Potential (Figure 3.5-5). The distribution of ranked Ecosystem Biodiversity Potential for the 
Baseline Case is shown on Figure 3.5-6. 

Areas of high Ecosystem Biodiversity Potential accounted for approximately 25% of the Terrestrial RSA 
(Table 3.5-2). Ecosystems ranked as having moderate and low Ecosystem Biodiversity Potential 
accounted for approximately 50% and 12% of the Terrestrial RSA, respectively. Areas of disturbance and 
other LCC classes with unrankable Ecosystem Biodiversity Potential accounted for approximately 13% of 
the Terrestrial RSA, a much lower proportion than that determined for the Terrestrial LSA. The distribution 
of ranked Ecosystem Biodiversity Potential within the Terrestrial RSA is provided on Figure 3.5-6. 
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Figure 3.5-5 Distribution of Ecosystem Biodiversity Potential according to Land Cover 
Classification for Terrestrial Resources within the Terrestrial RSA. 

Note: Categories of Ecosystem Biodiversity Potential are depicted according to the portrayed colour scheme 
(i.e.,  Low,  Moderate,  High) and were delimited at the 25th and 75th percentiles (i.e., 0.64 and 
0.74, respectively) of the distribution for ELC classes in the Terrestrial RSA (Appendix 3A, 
Attachment 3A2). 

 

TABLE 3.5-2 
 

AREAL EXTENT OF RANKED ECOSYSTEM BIODIVERSITY POTENTIAL  
FOR THE BASELINE CASE WITHIN THE TERRESTRIAL RSA 

Ecosystem Biodiversity 
Potential Area (ha) Proportion of RSA (%) 

High 36,963.0 25.3 
Moderate 72,665.2 49.7 

Low 17,043.6 11.7 
Unrankable 19,466.2 13.3 

Terrestrial RSA 146,138.0 100 
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Aquatic Resources 
Although assignment of a level of Ecosystem Biodiversity Potential was not feasible given the limited 
number of ecosystem types to be ranked within the Aquatic Ecology RSA, it was identified that lotic sites 
exhibited a higher ecosystem biodiversity potential than lentic sites (Figure 3.5-7). 

 

 
Figure 3.5-7 Distribution of Ecosystem Biodiversity Potential according to Flow Regime for Aquatic 

Resources within the Aquatic Ecology RSA. 
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3.5.3 Landscape Biodiversity Potential 

Due to the scale at which the Terrestrial LSA and RSA were mapped and input for analysis in 
FRAGSTATS, inclusion of seismic lines associated with the Blackpearl Blackrod OSE 3D Seismic 
Program was not feasible. Although exclusion of these linear disturbance features may underestimate the 
effects of fragmentation under reference conditions, activities utilizing these linear disturbance features 
that prolong disturbed conditions are anticipated to be limited. Furthermore, clearing for the 3D Seismic 
Program was conducted using minimum disturbance techniques and natural revegetation is expected to 
persist throughout the operation phase of the Project. Consequently, potential effects to the distribution of 
Landscape Biodiversity Potential under reference conditions of the Baseline Case are expected to be 
short-term in duration and, therefore, are unlikely to register a measurable effect on the landscape. 

3.5.3.1 Local Study Area 

The distribution of Landscape Biodiversity Potential was evenly distributed (i.e., low skewness) with a 
moderate dispersion about the mean (Figure 3.5-8; Table 3.5-3). Qualitative inspection of Figure 2.5-8 
indicates that most patches exhibit moderate levels of Landscape Biodiversity Potential and that very few 
patches are located within the extremely high and, extremely low ranges of the distribution. 

The distribution of patches in the Terrestrial LSA is provided according to ELC class in Figure 3.5-9. 
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Figure 3.5-8 Frequency Distribution of Landscape Biodiversity Potential for Patches within the 
Terrestrial LSA. 

Note For demonstration purposes only, variation of Landscape Biodiversity Potential was assigned to delimited 
categories delimited at incremental values of 0.03. 

 

TABLE 3.5-3 
 

DISTRIBUTION OF OVERALL LANDSCAPE BIODIVERSITY POTENTIAL WITHIN THE 
TERRESTRIAL LSA 

Mean Median Skewness 
Standard 
Deviation 

0.55 0.55 0.14 0.08 
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3.5.3.2 Regional Study Area 

The distribution of overall Landscape Biodiversity Potential for the Terrestrial RSA was nearly equal that 
of the distribution demonstrated for the Terrestrial LSA. Specifically, the mean overall Landscape 
Biodiversity Potential exhibited a similarly moderate mean (i.e., 0.51 relative to a maximum potential 
Landscape Biodiversity Potential of 1.00) (Table 3.5-4). Different from the results for the Terrestrial LSA, 
the distribution of Landscape Biodiversity Potential for the Terrestrial RSA exhibited a greater positive 
skew suggesting that a disproportionate number of patches have higher values of Landscape Biodiversity 
Potential relative to the mean. This is evident from the extended tail toward the upper range in the 
distribution of Landscape Biodiversity Potential shown in Figure 3.5-10. Dispersion of Landscape 
Biodiversity Potential from the mean value was similar to that calculated for the Terrestrial LSA. 

The distribution of patches according to LCC class for the Terrestrial RSA is provided in Figure 3.5-11. 

 

 
Figure 3.5-10 Frequency Distribution of Landscape Biodiversity Potential for Patches within the 

Terrestrial RSA. 
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TABLE 3.5-4 
 

DISTRIBUTION OF OVERALL LANDSCAPE BIODIVERSITY POTENTIAL WITHIN THE 
TERRESTRIAL RSA 

Mean Median Skewness 
Standard 
Deviation 

0.51 0.50 0.51 0.10 
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3.5.4 Summary of Reference Conditions 

While it may be assumed that existing disturbance is situated on lands that were once naturally vegetated 
and, therefore, had once positively contributed to biodiversity in the Terrestrial LSA, baseline conditions 
prior to disturbance are not easily predicted and, therefore, determination of the incremental effect to 
biodiversity caused by the construction and operation of existing disturbance is not feasible. Furthermore, 
due to the complexity of individual species-specific responses to zones of influence, determination of the 
incremental effect on biodiversity caused by operation activities of existing disturbance, consideration of 
the cumulative species response to zones of influence may not feasible. However, given that many 
species of the boreal forest are known to respond negatively to habitat loss and those activities that may 
create zones of influence, existing disturbance and associated activities are likely to have caused an 
incremental alteration of biodiversity within the Terrestrial and Aquatic Ecology LSAs (Bayne et al. 2008, 
Forman and Alexander 1998, Forman et al. 2003, Kolenosky 1986, Ranney et al. 1981, Trombulak and 
Frissell 2000). This incremental effect was considered to be reflected in the areas of the Terrestrial LSA 
and RSA attributed to an unrankable Ecosystem Biodiversity Potential. 

Although the greatest proportion of the Terrestrial LSA has been disturbed or is undergoing regeneration 
following disturbance (i.e., 35%), approximately 20% (1,709 ha), 27% (2,302 ha), and 18% (1,490 ha) of 
lands within the Terrestrial LSA are designated with high, moderate and low Ecosystem Biodiversity 
Potential, respectively. The distribution of Landscape Biodiversity Potential across all naturally-occurring 
patches within the Terrestrial LSA was relatively even and narrow about a moderate mean. This pattern 
suggests that existing disturbance has acted cumulatively with naturally-occurring factors affecting the 
distribution of patches to result in a low amount of fragmentation in the landscape of the Terrestrial LSA. 

Approximately 13% of the Terrestrial RSA is considered unrankable due to various stages of regeneration 
from anthropogenic disturbance. For naturally occurring land cover, approximately 12% (17,044 ha) of the 
Terrestrial RSA is ranked with low Ecosystem Biodiversity Potential, while areas considered to have 
moderate and high Ecosystem Biodiversity Potential compose approximately 50% (72,665 ha) and 25% 
(36,963 ha), respectively. Although the distribution of Landscape Biodiversity Potential across all patches 
of the Terrestrial RSA exhibited a mean and standard deviation similar to that calculated for the 
Terrestrial LSA, a higher positive skew was identified, suggesting that a small proportion of patches in the 
Terrestrial RSA were characterized as having exceptionally high values of Landscape Biodiversity 
Potential. 

Five drainage basins were delineated within the Aquatic Ecology LSA, of which Drainage Basin A was 
regarded has having high Ecosystem Biodiversity Potential, while Drainage Basin B exhibited relatively 
low Ecosystem Biodiversity Potential. Drainage Basins C and D were determined to have moderate 
Ecosystem Biodiversity Potential, while field-collected data was not available for determination of the 
Ecosystem Biodiversity Potential for Drainage Basin E. Although too few ecosystems were available to 
allow for categorical representation of Ecosystem Biodiversity Potential in the Aquatic Ecology RSA, lotic 
drainage features were identified as having greater Ecosystem Biodiversity Potential than lentic sites. 

3.6 Application Case 

3.6.1 Potential Project Effects and Mitigation 

Activities associated with the operation phase of the Project may act cumulatively with existing 
disturbance to affect the biodiversity of species and ecosystems for terrestrial and aquatic resources. 
These levels of biodiversity were quantified and summarized according to a single indicator (i.e., 
Ecosystem Biodiversity Potential) that was ranked (e.g. low, moderate and high) according to patterns of 
biodiversity within and among ecosystems of the Terrestrial and Aquatic Ecology LSAs. The impacts of 
Project activities acting cumulatively with existing disturbance were assessed in consideration of the level 
of Ecosystem Biodiversity Potential being affected. 

In addition to impacts affecting species and ecosystem levels of biodiversity, activities that result in the 
clearing of native vegetation may cause fragmentation of the landscape. Consequently, existing 
disturbance may act cumulatively with clearing activities for the operation phase of the Project to 
potentially affect the landscape level of biodiversity in the Terrestrial LSA. 

The potential effects of the Project have been reduced by: 
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• adjusting the orientation of the Project Area to utilize existing disturbance and to avoid important 
habitat areas to the greatest extent feasible; and 

• the planned incorporation of innovative technologies to reduce sensory disturbance to wildlife. 

Although effects to biodiversity may be caused by many activities associated with the operation phase of 
the Project, the incremental effects of these impacts will be reduced by implementation of the following: 

• the Project Conservation and Reclamation Plan (Volume 1, Section 11.0); and 

• site-specific construction and operation measures recommended to mitigate Project effects to aquatic 
ecology, vegetation and wildlife (Volume 3, Section 4.7; Volume 4, Section 1.6; and Volume 4, 
Section 2.6, respectively). 

3.6.2 Residual Effects 

3.6.2.1 Ecosystem Biodiversity Potential – Terrestrial Resources 

Direct Effects to Biodiversity Due to Clearing of Vegetation 
Clearing activities function to disturb vegetation. Consequently, ecosystems, their patches or portions 
thereof and, therefore, habitat for wildlife and vegetation species, may be disturbed, causing 
displacement or alteration of populations encountered by the Project Area and existing disturbance. Since 
the clearing of naturally occurring ecosystems results in conversion to disturbed areas with unrankable 
Ecosystem Biodiversity Potential, it may be inferred that impacts to biodiversity could be related to the 
extent of clearing in areas of high, moderate and low Ecosystem Biodiversity Potential. Consequently, 
clearing activities associated with the Project may interact with existing disturbance to cumulatively affect 
biodiversity in the Terrestrial LSA.  

A quantitative approach was deemed to be the most appropriate method to determine the residual effect 
on Ecosystem Biodiversity Potential in the Terrestrial LSA (Figure 3.6-1). Since implementation of the 
Project Conservation and Reclamation Plan is the primary means for mitigation of effects to biodiversity 
affected by clearing of vegetation, the residual effect was determined according to the distribution of 
ranked Ecosystem Biodiversity Potential in the Terrestrial LSA for the closure phase. Areas attributed to 
high, moderate, low and unrankable Ecosystem Biodiversity Potential were quantified for their respective 
change relative to the reference conditions of the Baseline Case and are provided in Table 3.6-1. 

Direct effects from clearing of vegetation on the biodiversity of terrestrial resources will be long-term in 
duration, but may vary in reversibility (i.e., reversible to permanent) according to localized variations of 
target ecosystems for reclamation that will differ from the reference conditions of the Baseline Case. 
These variations in reversibility specifically relate to the reclamation of ELC classes characterized as 
deep peatlands, impacted by well pads and access roads, where reclamation outcomes will target other 
wetland classes and upland habitat types (Volume 4, Section 1.6.1.2). Additionally, reclamation of borrow 
pits will result in the creation wetland ecosystems where upland habitat types existed during the Baseline 
Case. These different reclamation outcomes will result in loss of area for some habitat types, 
corresponding to reciprocal increases in area for others. Since the Project Area was designed to utilize 
disturbed lands to the greatest extent feasible, these areas will undergo reclamation with the Project and, 
therefore, will result in a net increase of lands with high, moderate or low Ecosystem Biodiversity 
Potential. Although reclamation of the Project will result in an exchange of area among ecosystems (i.e., 
wetlands) that vary in their rank of Ecosystem Biodiversity Potential, reclamation of Project components in 
common with existing disturbance will act positively on the biodiversity of terrestrial resources. Similarly, 
reforestation of cutblocks that contribute to existing disturbance the in Terrestrial LSA will result in 
conversion of disturbed lands (i.e., unrankable Ecosystem Biodiversity Potential) to areas with low, 
moderate or high Ecosystem Biodiversity Potential. The cumulative residual effect of vegetation clearing 
on biodiversity, following reforestation and reclamation activities in the Terrestrial LSA, is anticipated to be 
high in magnitude. Since the predicted cumulative residual effect to biodiversity of terrestrial resources, 
due to the clearing of vegetation, is anticipated to be positive, evaluation for the significance of the effect 
is not warranted (Table 3.6-3). 
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TABLE 3.6-1 
 

CHANGES TO ECOSYSTEM BIODIVERSITY POTENTIAL IN THE TERRESTRIAL LSA FOR THE 
APPLICATION CASE 

Ecosystem 
Biodiversity 

Potential 
Baseline 
Case (ha) 

Construction and Operation Phases1 Closure Phase2 

Application 
Case (ha) 

Change 
From 

Baseline 
Case3 (ha) 

Change 
From 

Baseline 
Case4 (%) 

Application 
Case (ha) 

Change 
From 

Baseline 
Case3 (ha) 

Change 
From 

Baseline 
Case4 (%) 

High 1,708.5 1,549.9 -158.6 -10.2 3,061.3 +1,352.8 +79.2 
Moderate 2,301.9 2,111.1 -190.8 -9.0 3,251.7 +949.8 +41.3 

Low 1,489.8 1,327.0 -162.8 -12.3 1,763.8 +274.0 +18.4 
Unrankable 2,911.4 3,423.6 +512.2 +15.0 334.7 -2,576.7 -88.5 

Notes: 1 Activities associated with clearing for the Project only. 
 2 The residual effect upon which the significance evaluation is conducted is determined according to the results calculated from the closure 

phase. 
 3 The difference of the area for the associated Project phase, subtracted from the area for the Baseline Case. 
 4 The difference of the area for the associated Project phase, subtracted from the area for the Baseline Case, divided by the area for the 

Baseline Case. 
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Indirect Effects to Biodiversity Due to Operation Activities 
Operational activities associated with resource development may function to displace or alter populations 
outside of areas of disturbance, typically associated with zones of influence or habitat edge (refer to 
Volume 4, Section 1.3.2 and Table 2.3-2 in Volume 4, Section 2.3.5). Air pollution as well as auditory and 
visual disturbance associated with vehicle traffic, the construction and operation of facilities and, the 
development of timber resources, may affect wildlife species in the vicinity of disturbed areas associated 
with the Project and existing disturbance (Bayne et al. 2008). Furthermore, increased wildlife mortality 
associated with vehicle collisions and increased hunting pressure due to improved recreational access 
may affect the reproductive success and sustainability of populations extending outside the Project Area 
and existing disturbance (Forman and Alexander 1998, Kolenosky 1986, Trombulak and Frissell 2000). 
Similarly, changes to local microclimate, the settling of dust and competition with introduced, non-native 
species may limit the vigor and reproductive success of populations of vegetation species within close 
proximity to roads and other areas of disturbance (Forman et al. 2003, Ranney et al. 1981). The effects of 
these impacts and their zones of influence have potential to affect species associations with areas of 
disturbance. Displacement and/or alteration of populations may affect their viability for persistence that 
may cause changes to the composition of communities resulting in an adverse effect to biodiversity in the 
Terrestrial LSA. Consequently, activities associated with the operation of existing disturbance and the 
operation phase of the Project may interact to cumulatively affect biodiversity in the Terrestrial LSA. 

Due to the complexity of species-specific responses to zones of influence and habitat edge, quantification 
of impacts due to activities associated with the construction, operation, decommissioning and reclamation 
of the Project was not feasible in the context of biodiversity (i.e., inclusive of all taxonomic groups). 
Consequently, a qualitative approach was deemed to be the most appropriate method to evaluate the 
significance of effects to Ecosystem Biodiversity Potential for terrestrial resources impacted by operations 
activities associated with existing disturbance and activities associated with construction, operation, 
decommissioning and reclamation for the Project. 

Indirect effects of operation activities on the biodiversity of terrestrial resources are medium to long-term 
in duration depending on the type of activity and the ecosystem being affected, but will be reversible with 
implementation of reforestation of existing disturbance and reclamation of the Project Area. 
Implementation of site-specific construction and operation measures during the operations phase of the 
Project will reduce the severity of indirect effects on the biodiversity of terrestrial resources to be medium 
in magnitude. Consequently, residual indirect effects to biodiversity in the Terrestrial LSA due to the 
operation of the Project are not significant (Table 3.6-3). 

3.6.2.2 Ecosystem Biodiversity Potential - Aquatic Resources 

Indirect Effects to Biodiversity Due to Impacts to Habitat 
Activities associated with the clearing of vegetation for the construction of the Project and in addition to 
existing disturbance within the Aquatic Ecology LSA may function to affect habitat quality downstream 
from crossing points of lotic drainage features (refer to Volume 3, Section 4.3). Specifically, clearing of 
riparian vegetation may affect the degree of shading and the introduction of vegetation debris, resulting in 
changes to water quality, habitat structure associated with coarse woody debris and food resources for 
benthic invertebrates and small fish species. Additionally, construction activities resulting in disturbance to 
the bed and banks of lotic drainage features have potential to cause a release of sediment downstream 
from the point of disturbance, temporarily affecting water quality within a zone of influence from the point 
of disturbance. Changes to water quality may affect biodiversity of aquatic resources by generating 
conditions that may cause mortality or encourage migration from associated zones of influence. 
Consequently, communities of fish and benthic invertebrates may shift in composition from baseline 
conditions due to their respective sensitivity to changes in water quality. In addition to species-specific 
responses that directly affect the biodiversity of aquatic resources, effects may indirectly affect other 
taxonomic groups by responses throughout the local food web, otherwise known as a trophic cascade 
effect (Jonsson et al. 2007, Meissner and Muotka 2006). Since disturbance to lotic drainage features has 
been associated with the construction of existing disturbance in the Aquatic Ecology LSA, in addition to 
those crossings of drainage features proposed for the construction of the Project, these activities may act 
cumulatively to affect the biodiversity of aquatic resources. 
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Due to the diversity of impacts caused by disturbance to habitat, the extent of their effects, and species-
specific responses, among all taxonomic groups to each potential impact, identification of a single zone of 
influence that quantifies additive and interacting effects to biodiversity of aquatic resources is not feasible. 
Consequently, a qualitative assessment was deemed to be the most appropriate method for the 
determination of residual effects to biodiversity of aquatic resources. 

Although revegetation of riparian zones following construction of the Project will alleviate sediment 
loading due to erosion, vegetation management and prolonged disturbance of the Project may affect 
other components of habitat quality and, therefore, the biodiversity of aquatic resources. Given successful 
regeneration of riparian vegetation and restoration of the bed and banks of affected lotic drainage 
features, habitat quality and, subsequently, species and communities are expected to be restored during 
the period following the decommissioning and reclamation of the Project.  

Indirect effects of operation activities on the biodiversity of aquatic resources are medium to long-term in 
duration depending on the type of activity being conducted (e.g., in-stream construction, clearing of 
riparian vegetation) as well as the type riparian vegetation and associated extent of the disturbance. 
However, these effects may be reversible with implementation of reforestation of existing disturbance in 
the Aquatic Ecology LSA and reclamation of the Project Area. BlackPearl will also implement site-specific 
construction and operation measures during the operations phase of the Project, thereby reducing the 
magnitude of indirect effects on the biodiversity of aquatic resources. Consequently, the Project is 
predicted to result in a low to medium magnitude effect on the biodiversity of aquatic resources which is 
expected to vary according to the Drainage Basin and which trophic levels are directly affected by the 
impacts to habitat in the Aquatic Ecology LSA. The indirect effects of the Project on biodiversity in the 
Aquatic Ecology LSA are not significant (Table 3.6-3). 

Indirect Effects to Biodiversity Due to Mortality Events 
Mortality of fish and benthic invertebrates may result from impacts to habitat quality, as well as direct 
human contact. Impacts to habitat quality causing mortality of aquatic resources were addressed above in 
the context of activities causing disturbance to riparian vegetation and the bed and banks of drainage 
features. Mortality associated with direct human contact may be caused during fish rescues prior to in-
stream construction and operation activities, entrainment in water intake apparatus, as well as angling 
pressure as a result of recreational or subsistence land use. Similar to the impacts on habitat that may 
affect overall biodiversity of aquatic resources due to the cascade of effects among trophic levels, 
mortality of fish throughout the operation phase of the Project may have potential to affect the diversity of 
other taxonomic groups. Conversely, although mortality of benthic invertebrates may result in effects to 
the diversity and abundance of fish, these events are typically due to changes in habitat quality 
associated with clearing and construction activities and are not associated with direct human contact. 
Therefore, activities associated with the operation phase of the Project that may cause direct human 
contact with fish may interact with operation activities of existing disturbance to cumulatively affect 
biodiversity in the Aquatic Ecology LSA. 

An appropriate quantifiable metric could not be identified that would allow quantification of effects to 
biodiversity caused by a trophic cascade of fish mortality. Consequently, a qualitative method was 
deemed to be the most appropriate method to evaluate the significance of a residual effect. 

Indirect effects of fish mortality on the biodiversity of aquatic resources are medium to long-term in 
duration depending on the trophic level of fish species that is impacted. However, the effect is reversible 
with the cessation of operation activities in the Aquatic Ecology LSA and the Project Area. BlackPearl will 
also implement site-specific construction and operation measures during the operations phase of the 
Project, thereby reducing the magnitude of indirect effects on the biodiversity of aquatic resources. Due to 
cascade of impacts from mortality of fish among trophic levels, the Project is predicted to result in a low to 
medium magnitude effect on the biodiversity of aquatic resources which varies according to the Drainage 
Basin in which the effect occurs. Although the probability of an effect is high, confidence in the magnitude 
of the effect is moderate since the effect of trophic cascades is well understood for aquatic ecosystems, 
however, applicability to the Project is limited since trophic relationships within the Aquatic Ecology LSA 
are not well understood. The residual effect of the Project on the biodiversity of aquatic resources is not 
significant (Table 3.6-3). 
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3.6.2.3 Landscape Biodiversity Potential 

Direct Effects to Fragmentation Due to Clearing of Vegetation 
Clearing activities associated with the construction and operation of the Project, in addition to clearing of 
vegetation previously conducted for existing activities in the Terrestrial LSA, will act cumulatively to cause 
fragmentation of the landscape, resulting in impacts to the patch area, characteristics of patch 
neighbourhoods (including: the area and isolation of patches), patch contact with disturbance, patch 
shape and the number of patches. Consequently, clearing activities associated with the Project and 
existing disturbance may cause a change in the distribution of Landscape Biodiversity Potential across 
patches within the Terrestrial LSA. The spatial distribution of patches in the Terrestrial LSA following 
implementation of the Project Conservation and Reclamation Plan is shown on Figure 3.6-2. 

The effects of fragmentation to the landscape may be assessed according to changes in the distribution 
of Landscape Biodiversity Potential across all patches in a study area. Activities associated with the 
clearing of vegetation for the Project that may affect the metrics for parameters of landscape biodiversity. 
Consequently, changes to the distribution of Landscape Biodiversity Potential can be quantified. 

Given that metrics for parameters of landscape biodiversity are expected to vary according to the level of 
disturbance, the distribution of Landscape Biodiversity Potential among patches is expected to vary 
accordingly. Consequently, quantification of changes in the distribution of Landscape Biodiversity 
Potential (i.e., the residual effect) was used to support a qualitative method for the evaluation of 
significance of Project effects to fragmentation. Quantification of the residual effect was conducted by 
calculating the mean difference in Landscape Biodiversity Potential for patches in the closure phase of 
the Application Case from the reference conditions of the Baseline Case. Where the magnitude of the 
effect was imperceptible by comparison of the means (i.e., <0.1% change from reference conditions), 
changes to the median value, skewness and standard deviation for the distribution of Landscape 
Biodiversity Potential was reviewed for additional information to support the evaluation of significance. 

Mean Landscape Biodiversity Potential for the closure phase decreased relative to the reference 
conditions of the Baseline Case. Furthermore, the skewness of the distribution decreased substantially. 
These changes suggest that following reclamation, overall Landscape Biodiversity Potential for patches in 
the Terrestrial LSA decreased mainly due to fewer patches having extremely high values of Landscape 
Biodiversity Potential. This was further supplemented by a greater number of patches having low and 
moderate values of Landscape Biodiversity Potential (Table 3.6-2; Figure 3.6-3). 

Direct effects from clearing of vegetation on Landscape Biodiversity Potential will be long-term in duration 
and permanent following implementation of the Project Conservation and Reclamation Plan. Although 
reclamation of existing disturbance in common with the Project Area will increase connectivity among 
formerly isolated patches in the landscape, affecting patch area, shape and contact with anthropogenic 
disturbance, implementation of the Project Conservation and Reclamation plan will result in the creation 
of new wetland habitat (refer to Section 3.6.2.1 for further details). Given the relative change of mean 
Landscape Biodiversity Potential from the Baseline Case, the magnitude of the predicted residual effect is 
considered to be low. Although the predicted residual effect is permanent, a low magnitude suggests that 
the effect to the distribution Landscape Biodiversity Potential in the Terrestrial LSA will be not significant 
(Table 3.6-3). 
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TABLE 3.6-2 
 

CHANGES TO LANDSCAPE BIODIVERSITY POTENTIAL IN THE TERRESTRIAL LSA FOR THE 
APPLICATION CASE 

Landscape 
Biodiversity 

Potential 
Baseline 

Case 

Construction and Operation Phases1 Closure Phase2 
Application 

Case 
Change From 

Baseline Case3 
Change From 

Baseline Case4 (%) 
Application 

Case 
Change From 

Baseline Case3 
Change From 

Baseline Case4 (%) 
Mean 0.55 0.51 -0.04 -7.3 0.54 -0.01 -1.8 

Median 0.55 0.52 -0.03 -5.5 0.55 -<0.01 -<1.8 
Skewness 0.14 -0.47 -0.61 -435.7 0.03 -0.11 -78.6 
Standard 
Deviation 0.08 0.11 +0.03 +37.5 0.07 -0.01 -12.5 

Notes: 1 Activities associated with clearing for the Project only. 
 2 The residual effect upon which the significance evaluation is conducted is determined according to the results calculated from the closure 

phase. 
 3 The difference of the moment (i.e., mean, median, skewness or standard deviation) for the associated Project phase, subtracted from the area 

for the Baseline Case. 
 4 The difference of the moment for the associated Project phase, subtracted from the moment for the Baseline Case, divided by the moment for 

the Baseline Case. 
 

3.6.1 Summary of Residual Effects to Biodiversity 

The evaluation of significance of potential effects of the Project and existing activities for each indicator of 
biodiversity is summarized in Table 3.6-3. Although some residual effects on biodiversity at the 
Application Case are expected to be permanent, there are no potential residual effects that were 
predicted to have significant adverse effects. 

Where residual effects to biodiversity are anticipated and likely to occur for the Application Case, the 
effects were carried forward for assessment of their potential to act cumulatively with known future 
developments and existing disturbance according to the PDC (refer to Section 3.7, below). 

TABLE 3.6-3 
 

SIGNIFICANCE EVALUATION OF RESIDUAL EFFECTS TO BIODIVERSITY OF TERRESTRIAL AND 
AQUATIC RESOURCES - APPLICATION CASE 

Resource Indicator/ Potential Residual 
Effect Im
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1. Ecosystem Biodiversity Potential – Terrestrial Resources 
(a) Direct effects to biodiversity due to clearing 

of vegetation. 
positive Terrestrial 

LSA 
long-term continuous reversible 

to 
permanent 

medium high moderate Not 
Assessed 

(b) Indirect effects to biodiversity due to 
operation activities. 

negative Terrestrial 
LSA 

medium to 
long-term 

continuous reversible medium high moderate not 
significant 

2. Ecosystem Biodiversity Potential – Aquatic Resources 
(a) Indirect effects to biodiversity due to impacts 

to habitat. 
negative Aquatic 

LSA 
medium to 
long-term 

continuous reversible low to 
medium 

high moderate not 
significant 

(b) Indirect effects to biodiversity due to 
mortality events. 

negative Aquatic 
LSA 

medium to 
long-term 

continuous reversible low to 
medium 

high moderate not 
significant 

3. Change in the Moments of Distribution for Landscape Biodiversity Potential 
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Figure 3.6-3 Frequency Distribution of Landscape Biodiversity Potential for patches within the Terrestrial LSA. 
 
Note For demonstration purposes only, variation of Landscape Biodiversity Potential was assigned to categories delimited at incremental values of 0.03. 
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3.7 Planned Development Case 

The PDC assessment includes consideration of all existing developments and activities included in the 
Baseline Case, in addition to the Project and known future developments. Inclusion lists of existing and 
known future developments are provided in the EIA Introduction and Assessment Methods (Volume 2, 
Section 1.0). Known future developments identified within the Terrestrial and Aquatic Ecology RSAs are 
limited to planned forestry activities (i.e., future cutblocks). 

3.7.1 Potential Cumulative Effects and Mitigation 

Impacts associated with the development of timber resources in future cutblocks will interact with the 
Project and existing disturbance to cumulatively affect the biodiversity in the Terrestrial and Aquatic 
Ecology RSAs. Specifically, existing disturbance, the Project and known future developments may act 
cumulatively to cause impacts to the biodiversity of terrestrial resources that may include: 

• clearing of vegetation that will change naturally vegetated land cover to a disturbed state considered 
to be unrankable for Ecosystem Biodiversity Potential; 

• creation of zones of influence and habitat edge that extend outside cleared areas; and 

• clearing of vegetation that will cause fragmentation of the landscape. 

Additionally, existing disturbance, the Project and known future developments may act cumulatively to 
cause impacts to the biodiversity of aquatic resources that include: 

• impacts to habitat and water quality; and 

• increased mortality of fish due to increased angling pressure. 

BlackPearl has initiated development of an Integrated Land Management Plan with the primary timber 
harvest companies (Alberta-Pacific Forest Industries Inc. [Al-Pac] and Millar Western Forest Products Ltd. 
[Millar Western]) that will form the basis for cooperative reforestation and reclamation efforts and 
management of direct and indirect cumulative effects to biodiversity in the Terrestrial and Aquatic Ecology 
RSAs. 

A Wildlife Monitoring Program will be developed in collaboration with ASRD, regional working groups and 
stakeholders to inform the implementation of adaptive management measures for adverse cumulative 
effects on biodiversity, if warranted. BlackPearl is also committed to participating in regional monitoring 
initiatives through the Alberta Biodiversity Monitoring Institute and the Oil Sands Development Group, in 
addition to participation in cooperative initiatives led by the provincial government to reduce cumulative 
effects on biodiversity. Ongoing monitoring and adaptive management conducted simultaneously with the 
site-specific recommended mitigative measures referred to in Section 3.6.1 of this report are expected to 
effectively address potential cumulative effects on biodiversity. 

3.7.2 Cumulative Residual Effects 

3.7.2.1 Ecosystem Biodiversity Potential – Terrestrial Resources 

Direct Effects to Biodiversity Due to Clearing of Vegetation 
Known future developments that have potential to affect the clearing of vegetation in the Terrestrial RSA 
are limited to planned timber harvest operations (i.e., cutblocks). Therefore, the Project will act 
cumulatively with planned timber harvest operations and existing disturbance to affect the clearing of 
vegetation in the Terrestrial RSA. Since the clearing of vegetation will result in conversion of natural 
ecosystems to disturbed areas with unrankable Ecosystem Biodiversity Potential, effects to biodiversity 
may be related to the extent of clearing in areas of low, moderate and high Ecosystem Biodiversity 
Potential. Consequently, clearing activities associated with known future developments, existing 
disturbance and the Project may act cumulatively to affect the biodiversity in the Terrestrial RSA. 

Reforestation of known future developments, existing disturbance and reclamation of the Project Area will 
result in a net increase of ranked Ecosystem Biodiversity Potential in the Terrestrial RSA, which may be 
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quantified relative to the reference conditions of the Baseline Case (Figure 3.7-1). Therefore, a 
quantitative approach was deemed to be the most appropriate method to determine the cumulative 
residual effect of vegetation clearing, following reforestation and reclamation, on Ecosystem Biodiversity 
Potential. Areas attributed to low, moderate, high and unrankable Ecosystem Biodiversity Potential were 
quantified for their respective change relative to the reference conditions of the Baseline Case and are 
provided in Table 3.7-1. 

Similar to the results of the Application Case, direct effects from clearing of vegetation on the biodiversity 
of terrestrial resources will be long-term in duration, but may vary in reversibility (i.e., reversible to 
permanent) according to localized variations of target ecosystems for reclamation that will differ from the 
reference conditions, as discussed for the Application Case (Section 3.6). Additionally, the Project Area 
was designed to utilize disturbed lands to the greatest extent feasible and, therefore, areas of existing 
disturbance in the Terrestrial RSA will undergo reclamation with the Project resulting in a net increase of 
lands with rankable Ecosystem Biodiversity Potential. Since the only known future developments and 
much of the existing disturbance in the Terrestrial RSA are comprised of cutblocks, their associated 
reforestation will result in conversion of disturbed lands (i.e., unrankable Ecosystem Biodiversity Potential) 
to areas with low, moderate or high Ecosystem Biodiversity Potential. The predicted cumulative residual 
effect following reforestation of known future developments and existing disturbance in addition to the 
reclamation of the Project Area on biodiversity in the Terrestrial RSA is anticipated to be positive in 
direction and high in magnitude. Since the effect on biodiversity in the Terrestrial RSA will be positive in 
direction, no evaluation of significance is warranted (Table 3.7-3).  

TABLE 3.7-1 
 

CHANGES TO THE ECOSYSTEM BIODIVERSITY POTENTIAL IN THE TERRESTRIAL RSA FOR THE 
PLANNED DEVELOPMENT CASE 

Ecosystem 
Biodiversity 

Potential 
Baseline Case 

(ha) 

Construction and Operation Phases1 Closure Phase2 

Total Area (ha) 

Change From 
Baseline Case3 

(ha) 

Change From 
Baseline 
Case4 (%) Total Area (ha) 

Change From 
Baseline Case3 

(ha) 

Change From 
Baseline Case4 

(%) 
High 36,963.0 35,215.6 -1,747.4 -5.0 41,948.4 +4,985.3 +13.5 

Moderate 72,665.2 67,632.3 -5,032.9 -7.4 76,585.7 +3,920.5 +5.4 
Low 17,043.6 16,604.4 -439.2 -2.7 17,051.8 +8.2 +0.1 

Unrankable 19,466.2 26,685.7 +7,219.5 +27.1 10,552.1 -8,914.1 -45.8 

Notes: 1 Activities associated with clearing for the Project only. 
 2 The residual effect upon which the significance evaluation is conducted is determined according to the results calculated from the closure 

phase. 
 3 The difference of the area for the associated Project phase, subtracted from the area for the Baseline Case. 
 4 The difference of the area for the associated Project phase, subtracted from the area for the Baseline Case, divided by the area for the 

Baseline Case. 

 
  



W
an
d
er in

g R
iver

Amadou
Lake

P
ar
al
le
l C
r e
ek

Hou se River

P elican R i ver
Crow
Lake

E
ri
c 
C
re

ek

Du
nc
an
 C

re
ek

A
g
n
es C

r eek

TWP.74

RGE.15RGE.16

TWP.78

RGE.17

TWP.73

TWP.77

RGE.18 RGE.14 W4M

TWP.76

TWP.75

TWP.79

McMillan 
Lake

Agnes 
Lake

A
tha

ba
sc
a 
R
iv

er

��63

¯

FIGURE 3.7-1

PLANNED DEVELOPMENT CASE ECOSYSTEM

BIODIVERSITY POTENTIAL FOR THE RSA AT CLOSURE

BLACKPEARL RESOURCES INC. 

PROPOSED BLACKROD 

COMMERCIAL SAGD PROJECT

SCALE:  1: 275,000

(All Locations Approximate)

0 1 2 3 4 5

km

Although there is no reason to believe that there are any errors associated with the data used to generate this product or in the product itself,

users of these data are advised that errors in the data may be present.

UTM Zone 12N
Project Area: Altus Geomatics 2012; 

Ecological Land Cover Classification  TERA Environmental Consultants 2012c; Hydrography: AltaLIS.Ltd 2011c; Roads: IHS Inc. 2011c. May 2012

t6
7

9
0

_
B

io
d

iv
e

rs
it

y
_

F
ig

_
3

.7
-1

_
P

D
C

_
E

c
o

_
B

io
_

P
o

te
n

ti
a

l_
R

S
A

_
C

lo
s
u

re
_

R
E

V
0

5
.m

x
d

Terrestrial Regional Study Area

Waterbody

Watercourse

Existing Blackrod Road

Road��63

Land Cover Classification  

Unranked

Low

Moderate

High

Terrestrial Local Study Area



BlackPearl Resources Inc.  Biodiversity 
Blackrod Commercial SAGD Project  Volume 4 - Section 3.0 

 

 
   

Page 3-42 
 
 

Indirect Effects to Biodiversity Due to Operation Activities 
Known future developments (i.e., cutblocks), in conjunction with existing disturbance and the Project, will 
act cumulatively to create zones of influence and habitat edge that will displace or alter species’ 
populations, incrementally affecting the biodiversity in the Terrestrial RSA. Due to the complexity of 
species-specific responses to zones of influence and habitat edge, quantification of the indirect effects to 
biodiversity associated with existing disturbance, operation of the Project and known future developments 
was not feasible. Consequently, a qualitative approach was deemed to be the most appropriate method 
to evaluate the significance of indirect cumulative effects to Ecosystem Biodiversity Potential for terrestrial 
resources. 

Displacement and/or alteration of populations may affect their viability for persistence, causing changes to 
the composition of communities that would result in an adverse effect to biodiversity in the Terrestrial 
RSA. By implementing the Integrated Land Management Plan and adaptive management measures, 
based on recommendations from the Wildlife Monitoring Program, cumulative impacts affecting the 
viability of species’ populations in the Terrestrial RSA will be reduced.  

At the Closure Phase, following the completion of reclamation of the Project Area and reforestation of 
cutblocks, cumulative indirect effects to biodiversity in the Terrestrial RSA will be reversed and are 
understood to be long-term. Implementation of site-specific construction and operation measures will 
reduce the severity of indirect effects present during the operations phase of the Project. No further 
mitigation to address cumulative residual effects is warranted. As a result of reforestation and reclamation 
efforts and implementation of site-specific mitigation, the cumulative indirect effect of zones of influence 
and habitat edge on biodiversity of terrestrial resources is expected to be low in magnitude and, therefore, 
the cumulative effect is not significant (Table 3.7-3).  

3.7.2.2 Ecosystem Biodiversity Potential – Aquatic Resources 

Indirect Effects to Biodiversity Due to Impacts to Habitat 
Future cutblocks will result in clearing of riparian vegetation that will act cumulatively with clearing of 
vegetation and construction activities for the Project and existing disturbance to adversely affect aquatic 
habitat and water quality in the Aquatic Ecology RSA (Volume 3, Section 4.8). Due to the anticipated 
trophic cascade of impacts among taxonomic groups, the biodiversity of aquatic resources is likely to be 
affected. Similar to the assessment conducted for the Application Case, a qualitative assessment was 
deemed to be the most appropriate method for the determination of a cumulative residual effect to 
biodiversity in the Aquatic Ecology RSA for the PDC. 

In addition to the implementation of reforestation of existing disturbance and reclamation of the Project 
Area, reforestation efforts are anticipated for future cutblocks in the Aquatic Ecology RSA. Furthermore, it 
is expected that operators of future timber harvest activities will implement measures to reduce impacts 
on riparian habitat as per provincial guidelines such as the ASRD Alberta Timber Harvest Planning and 
Operating Ground Rules Framework for Renewal (2008). No mitigative measures beyond the Project-
specific mitigation referred to in Section 3.6 are deemed warranted. 

Similar to the assessment of effects for the Application Case, the cumulative indirect effects on the 
biodiversity of aquatic resources, due to the trophic cascade of impacts, associated with the clearing of 
riparian vegetation and disturbance to instream habitat are medium to long-term in duration. However, 
these effects may be reversible with implementation of site-specific mitigative measures as well as 
reforestation and reclamation plans. Consequently, the cumulative residual effect in the Aquatic Ecology 
RSA is predicted to result in a low magnitude effect on the biodiversity of aquatic resources. Similar to the 
discussion for the Application Case, confidence in the magnitude of the effect is moderate since the 
mechanism of trophic cascades is well understood for aquatic ecosystems, however, applicability to the 
Project is limited since trophic relationships within the Aquatic Ecology RSA are not well understood. The 
indirect effect to biodiversity of aquatic resources caused by cumulative impacts to habitat in the Aquatic 
Ecology RSA is not significant (Table 3.7-3).  
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Indirect Effects to Biodiversity Due to Mortality Events 
Planned timber harvest activities have potential to cause mortality of fish and, due to trophic cascades, 
may affect biodiversity in the Aquatic Ecology RSA. Planned timber harvest operations will interact with 
the Project and existing disturbance to increase the frequency of recreational angling in the Aquatic 
Ecology RSA, incrementally increasing mortality of fish. However, since timber harvest operations are 
typically scheduled to occur during frozen conditions (i.e., winter) when recreational angling activity is 
limited, a potential increase of fish mortality and, therefore effect to biodiversity of aquatic resources, 
would be negligible. No further mitigation to address the cumulative residual effect is warranted. 

Cumulative impacts to fish mortality causing an indirect effect on the biodiversity of aquatic resources are 
medium to long-term in duration, depending on the trophic level of fish species that is affected. However, 
this effect is reversible with the cessation of operation activities in the Aquatic Ecology RSA. Due to the 
cascade of impacts from mortality of fish among trophic levels, known future developments, existing 
disturbance and the Project are predicted to act cumulatively to result in a low magnitude effect on the 
biodiversity of aquatic resources. Confidence in the magnitude of the effect is moderate since the 
mechanism of trophic cascades is well understood for aquatic ecosystems, however, applicability to the 
Project is limited since trophic relationships within the Aquatic Ecology RSA are not well understood. The 
effect of known future developments, existing disturbance and the Project on the biodiversity of terrestrial 
resources will be not significant (Table 3.6-3).  

3.7.2.3 Landscape Biodiversity Potential 

Direct Effects to Fragmentation Due to Clearing of Vegetation 
Planned timber harvest activities will result in the clearing of vegetation that will act cumulatively with the 
Project and existing disturbance to cause fragmentation in the Terrestrial RSA. These impacts will affect 
the shape of patches, characteristics of patch neighbourhoods (including: the area and isolation of 
patches), patch contact with disturbance and the number of patches. Consequently, the cumulative 
impact of clearing activities associated with known future developments, the Project and existing 
disturbance may cause a change in the distribution of Landscape Biodiversity Potential across patches 
within the Terrestrial RSA. The spatial distribution and LCC of patches in the Terrestrial RSA following 
implementation of the Project Conservation and Reclamation Plan is shown on Figure 3.7-2. 

The frequency distributions of Landscape Biodiversity Potential among the Baseline Case and the phases 
of the PDC are provided in Figure 3.7-3. The differences in the moments of the distributions (i.e., mean, 
median, skewness and standard deviation) calculated between the Baseline Case and the closure phase 
of the PDC provided the means by which the residual effect was determined. These results are provided 
in Table 3.7-2. 

Direct effects from clearing of vegetation on Landscape Biodiversity Potential will be long-term in 
duration. Reforestation of future cutblocks and existing disturbance in addition to reclamation of the 
Project Area will reduce the extent of clearing in the Terrestrial RSA, reducing the effect of fragmentation 
in the Landscape. Contrary to the results observed for the Application Case, upon closure of the Project, 
mean Landscape Biodiversity Potential will exhibit a slight increase relative to the reference conditions of 
the Baseline Case, indicating a cumulative residual effect that is positive in direction. This effect may be 
attributed to the cutblocks present at the Baseline Case, having undergone complete reforestation 
following closure. Reforestation of these cutblocks will result in greater patch areas and reduced contact 
with anthropogenic disturbance. Additionally, reclamation of the Project Area, since it was sited to utilize 
existing disturbance, will improve connectivity between patches that were otherwise separated during the 
Baseline Case. Given the relative change of mean Landscape Biodiversity Potential from the Baseline 
Case, the magnitude of the predicted cumulative residual effect is low. Although existing disturbance, the 
Project and known future developments will act cumulatively to cause clearing of vegetation in the 
Terrestrial RSA, their respective reforestation and reclamation will result in a net positive effect to mean 
Landscape Biodiversity Potential and, therefore, a conclusion of significance is not warranted 
(Table 3.7-3). 
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TABLE 3.7-2 
 

CHANGES TO LANDSCAPE BIODIVERSITY POTENTIAL IN THE TERRESTRIAL RSA FOR THE 
PLANNED DEVELOPMENT CASE 

Landscape 
Biodiversity 

Potential Baseline Case 

Construction and Operation Phases1 Closure Phase2 

Planned 
Development 

Case 
Change From 

Baseline Case3 

Change From 
Baseline Case4 

(%) 

Planned 
Development 

Case 
Change From 

Baseline Case3 

Change 
From 

Baseline 
Case4 (%) 

Mean 0.51 0.51 +<0.01 +0.6 0.52 +0.01 +2.6 
Median 0.50 0.50 +<0.01 +0.3 0.52 +0.01 +2.9 

Skewness 0.51 0.51 +<0.01 +1.2 0.40 -0.11 -22.1 
Standard 
Deviation 0.10 0.10 -<0.01 -1.5 0.10 -<0.01 -4.6 

Notes: 1 Activities associated with clearing for the Project only. 
 2 The residual effect upon which the significance evaluation is conducted is determined according to the results calculated from the closure 

phase. 
 3 The difference of the moment (i.e., mean, median, skewness or standard deviation) for the associated Project phase, subtracted from the area 

for the Baseline Case. 
 4 The difference of the moment for the associated Project phase, subtracted from the moment for the Baseline Case, divided by the moment for 

the Baseline Case. 
 

3.7.3 Summary of Residual Cumulative Effects to Biodiversity 

The evaluation of significance for cumulative residual effects to each indicator of biodiversity is 
summarized in Table 3.7-3. Although some residual cumulative effects on biodiversity at the PDC are 
expected to be permanent, there are no cumulative residual effects that were predicted to have significant 
adverse effects. Consequently, overall cumulative effects to biodiversity are predicted to be not 
significant. No additional mitigative measures are deemed warranted to address cumulative effects to 
biodiversity. 

TABLE 3.7-3 
 

SIGNIFICANCE EVALUATION OF CUMULATIVE EFFECTS TO BIODIVERSITY – PLANNED 
DEVELOPMENT CASE 

Resource Indicator/Cumulative Effect Im
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1. Ecosystem Biodiversity Potential – Terrestrial Resources 
(a) Direct effects to biodiversity due to clearing 

of vegetation. 
positive Terrestrial 

RSA 
long-term continuous reversible 

to 
permanent 

high high moderate not 
assessed 

(b) Indirect effects to biodiversity due to 
operation activities. 

negative Terrestrial 
RSA 

long-term continuous reversible low high moderate not 
significant 

2. Ecosystem Biodiversity Potential – Aquatic Resources 
(a) Indirect effects to biodiversity due to impacts 

to habitat. 
negative Aquatic 

RSA 
medium-to 
long-term 

continuous reversible low high moderate not 
significant 

(b) Effects to biodiversity due to trophic 
cascade of mortality events. 

negative Aquatic 
RSA 

medium-to 
long-term 

continuous reversible low high moderate not 
significant 

3. Change in the Moments of Distribution for Landscape Biodiversity Potential 
(a) Effects to fragmentation due to clearing 

activities. 
positive Terrestrial 

RSA 
long-term continuous permanent low high moderate not 

assessed 
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Figure 3.7-3 Frequency Distribution of Landscape Biodiversity Potential for patches within the Terrestrial RSA. 
 
Note For demonstration purposes only, variation of Landscape Biodiversity Potential was assigned to delimited categories delimited at incremental values of 0.04. 
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3.8 Monitoring 

While all reasonable efforts have been made to identify and assess the suite of potential activities that 
may impact biodiversity, unforeseen events or interactions among events, Project-oriented or otherwise, 
may arise throughout the lifespan of the Project.  

BlackPearl has initiated development of an Integrated Land Management Plan with the primary timber 
harvest companies (Al-Pac and Millar Western) that will form the basis for cooperative reforestation and 
reclamation efforts and management of direct and indirect cumulative effects to biodiversity in the 
Terrestrial and Aquatic Ecology RSAs. A Wildlife Monitoring Program will be developed in collaboration 
with ASRD, regional working groups and stakeholders to inform the implementation of adaptive 
management measures for adverse cumulative effects on biodiversity if warranted. BlackPearl is also 
committed to participating in regional monitoring initiatives through the Alberta Biodiversity Monitoring 
Institute and the Oil Sands Development Group, in addition to participation in cooperative initiatives led by 
the provincial government to reduce cumulative effects on biodiversity.  

By implementation of the Integrated Land Management Plan and adaptive management measures based 
on recommendations from the Wildlife Monitoring Program, Project impacts to biodiversity will be 
reduced. 
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3A.0 BIODIVERSITY 

3A.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is proposing an in-situ steam assisted gravity drainage (SAGD) 
bitumen recovery project. The Blackrod Commercial SAGD Project (the Project) is located on Crown land 
east of the Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, approximately 50 km 
northwest of the Hamlet of Wandering River, Alberta. The Project is expected to be developed in three 
phases over an estimated 30 year period with the initial phase producing 20,000 barrels per day (bbl/d) of 
crude bitumen and the subsequent phases producing 30,000 bbl/d each, for a final production capacity of 
80,000 bbl/d. The proposed development will have a central processing facility (CPF) and is expected to 
have up to 69 well pads over the life of the Project. The Project is accessible from Highway 63 using an 
existing access road. 

To support the Environmental Impact Assessment (EIA) for the Project, baseline studies were conducted 
to document the diversity of aquatic and terrestrial resources. Diversity in natural systems may be 
explained by general properties of biological composition, associations and ecological processes. 
However, a far greater proportion of observed variation may be described by the simultaneous and 
cumulative consideration of these properties than when each property is considered independently 
(Noss 1990). Biological diversity, or biodiversity, is the conceptual synergy of these properties that 
describes the variation observed in natural systems (Environment Canada 1996, Noss 1990). 

This Biodiversity Baseline Report presents summarized results of the Aquatic Ecology, Vegetation and 
Wildlife Baseline field surveys conducted in 2010 and 2011, discussed in the context of biodiversity. 

3A.2 Study Objectives 

The objectives of the Biodiversity Baseline Report were to: 

• describe and map existing biodiversity; and 

• identify the biodiversity metrics, biotic and abiotic indicators that are used to characterize the baseline 
biodiversity. 

3A.3 Methods 

3A.3.1 Spatial Boundaries 

The spatial boundaries considered for the biodiversity report include a: 

• Project Area, which is defined as the area directly disturbed by Project activities;  

• Local Study Area (LSA); and  

• Regional Study Area (RSA).  

3A.3.1.1 Local Study Area 

The LSA for the Biodiversity Report includes and extends beyond the Project Area, encompassing the 
surrounding area where a reasonable potential exists for Project-specific effects to occur and interact with 
terrestrial and aquatic resources.  

Terrestrial Resources 
Given the utilization of data from the Vegetation and Wildlife disciplines (i.e., terrestrial resources), the 
spatial boundaries for terrestrial resources are defined according to the discipline with the most spatially 
extensive boundaries. This allows for the assessment of the interactions within and among Vegetation 
and Wildlife components of terrestrial resources. For example, loss or alteration of species richness, 
habitat availability or suitability and distribution of species may be realized by both vegetation and wildlife 
resources. Consequently, spatial boundaries of the Biodiversity LSA for terrestrial resources (Terrestrial 
LSA) are defined according to a 1 km buffer surrounding the Project Area, consistent with the 1 km 
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Wildlife LSA (Figure 3A-1). Refer to the Wildlife Assessment (Volume 4, Section 2.3.2) for additional 
information and considerations in defining the Terrestrial LSA. 

Aquatic Resources 
The LSA boundaries for aquatic resources (Aquatic Ecology LSA) considered within the Biodiversity 
Report were determined according to those watercourses, drainages and waterbodies that may be 
directly or indirectly affected by the Project. The Aquatic Ecology LSA is situated east of a large meander 
bend of the Athabasca River and includes the headwaters of drainages to the Athabasca River 
(Figure 3A-2). Refer to the Aquatic Ecology Assessment (Volume 3, Section 4.3.2) for additional 
information and considerations in defining the Aquatic Ecology LSA for the Biodiversity Report. 

3A.3.1.2 Regional Study Area 

The RSAs for the Biodiversity Report include and extend beyond the LSAs, encompassing the 
surrounding area where reasonable potential exists for cumulative effects to occur and interact with 
terrestrial and aquatic resources. 

Terrestrial Resources 
Similar to the considerations made for the Terrestrial LSA, the spatial boundaries for the Terrestrial RSA 
are defined according to the biological discipline RSA boundaries of greatest spatial extent. The Wildlife 
RSA is larger than the Vegetation RSA and, therefore, forms the RSA for terrestrial resources in which 
regional effects are evaluated for the Project Biodiversity Report (Figure 3A-1). Refer to the Wildlife 
Assessment (Volume 4, Section 2.3.2) for additional information and considerations in defining the 
Terrestrial RSA. 

Aquatic Resources 
The RSA boundaries for aquatic resources (Aquatic Ecology RSA) considered within the Biodiversity 
Report were determined by the area in which the Project has the potential to contribute to cumulative 
impacts on aquatic ecology. The Aquatic Ecology RSA is located east of the Athabasca River, north of 
Wandering River and contains the Aquatic Ecology LSA, the Athabasca River, Mcmillan Lake, its 
tributaries, and Duncan Creek (Figure 3A-2). Refer to the Aquatic Ecology Assessment (Volume 3, 
Section 4.3.2) for additional information and considerations in defining the Aquatic Ecology RSA. 
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3A.3.2 Ecosystem Classification 

Categorization of vegetation patterns according to ecosystem classification schemes provides a 
systematic means by which ecological and biological data may be collected and organized. Due to 
variation in scale of mapped data associated with patterns of vegetation across the landscape, selected 
ecosystem classification schemes vary according to the respective study area and resource types (i.e., 
terrestrial resources vs. aquatic resources).  

3A.3.2.1 Local Study Area 

Terrestrial Resources 
Ecological Land Classification (ELC) provided the ecosystem classification scheme in which terrestrial 
resources were assessed within the Terrestrial LSA and includes the Ecosite Phases defined according 
to Beckingham and Archibald (1996). Ecosite Phases are defined according to dominant canopy and 
shrub layer species establishing on sites of consistent soil moisture and nutrient regimes. Additional ELC 
classes not considered by Beckingham and Archibald (1996) (e.g., shrubby wetlands) were also included. 
Refer to the Vegetation Baseline Report for detailed descriptions of the Ecosite Phases and additional 
ELC classes encountered in the Terrestrial LSA (Volume 4, Appendix 1A). Table 3A-1 provides the list 
ELC classes, considered for the Terrestrial LSA and their associated abbreviations. The distribution of 
ELC classes within the Terrestrial LSA are show on Figure 3A-3. 

Aquatic Resources 
Ecosystems in which aquatic resources were assessed were delineated according to the basins defined 
by patterns of drainage (i.e., Drainage Basins) throughout the Aquatic Ecology LSA and, are shown on 
Figure 3A-4. Further details regarding the Drainage Basins with potential to be impacted by the Project 
are provided in the Aquatic Ecology Assessment (Volume 3, Section 4.0) 

In addition to the delineation of Drainage Basins, Gradient-flow (GF) classes were used to characterize 
the topographic variation of aquatic habitats within the assessed landscape. Gradient-flow classes were 
generated according to a Stream Grade Index calculated using the Project Digital Elevation Model. 
Variation of the Stream Grade Index was categorized according to qualitative correlation with patterns of 
terrain features observed during field surveys of the Project Area. Mapped GF class data was then 
overlayed and clipped to linear hydrology features allowing continuous extents of identical GF class 
segments on a single stream to be merged into a single GF segment.  
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TABLE 3A-1 
 

ECOSYSTEM CLASSIFICATION SCHEME FOR THE TERRESTRIAL LSA 

Habitat Type Ecological Land Classification (ELC) Abbreviated ELC 
Forested Upland b3 - blueberry Aw-Sw b3 

c1 - Labrador tea-mesic Pj-Sb c1 
d1 - low-bush cranberry Aw d1 
d2 - low-bush cranberry Aw-Sw d2 
d3 - low-bush cranberry Sw d3 
e1 - dogwood Pb-Aw e1 
e2 - dogwood Pb-Sw e2 
e3 - dogwood Sw e3 
f1 - horsetail Pb-Aw f1 
f2 - horsetail Pb-Sw f2 
f3 - horsetail Sw f3 
g1 - Labrador tea-subhygric Sb-Pj g1 
h1 - Labrador tea/horsetail Sw-Sb h1 

Non-forested Upland Regenerating Burn* (wildfire within last 30 years) Rg. Burn 
Meadow* (upland dominated by graminoid vegetation) Mead. 

Wetland i1 - treed bog i1 
i2 - shrubby bog i2 
j1 - treed poor fen j1 
j2 - shrubby poor fen j2 
k1 - treed rich fen k1 
k2 - shrubby rich fen k2 
k3 - graminoid rich fen k3 
l1 - marsh l1 
Shrubby Wetland* (non-peat forming wetland dominated by shrubs) Sh. Wet. 

Disturbance - Vegetated  Cutblock* (logged within last 10 years or no trees regenerating) Cut. 
Regenerating Cutblock* (logged within last 30 years but older than 10 years) Rg. Cut. 

Disturbance - 
Non-vegetated  

Anthropogenic* (rights-of-way, well sites, roads, etc.) Anth. 

Note: * ELC are classified according to the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996). Additional classifications 
were created where the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 1996) did not outline an equivalent vegetation 
community. 
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3A.3.2.2 Regional Study Area 

Terrestrial Resources 
Land Cover Classification (LCC) was conducted for the Project by application of predictive methods for 
the interpretation of remotely-sensed data. Land Cover Classification was conducted according to the 
classes defined by the Alberta Ground Cover Characterization (Sánchez-Azofeifa et al. 2004) and provide 
the ecosystem classes for which terrestrial resources were assessed within the Terrestrial RSA. Refer to 
the Vegetation Baseline Report for detailed methods and definitions of the Land Cover Classification 
conducted for the Terrestrial RSA (Volume 4, Appendix 1A). Table 3A-2 provides the list of LCC classes 
considered for the Terrestrial RSA and their associated abbreviations. 

TABLE 3A-2 
 

ECOSYSTEM CLASSIFICATION SCHEME FOR THE TERRESTRIAL RSA 

Habitat Type Land Cover Classification (LCC)1 Abbreviated LCC 
Forested Upland Black spruce Cnf. (Bl. Spr.) 

Closed pine  Cnf. (Pine) 
Closed white spruce Cnf. (Wh. Spr.) 
Closed aspen, balsam poplar and/or birch Decid. 
Closed coniferous and deciduous cover (40-60%) Mixed. 

Non-forested Upland Burn upland shrub Sh. Burn 
Burn grassland Gr. Burn 

Wetland Graminoid wetlands Gr. Wet. 
Shrubby wetlands Sh. Wet. 
Black spruce bog (sphagnum understory) Tr. Wet. (Bog) 
Wooded fen Tr. Wet. (Fen) 

Disturbance - Vegetated Closed upland shrub Sh. Upl. 
Mixed Grassland Gr. Upl.. 

Disturbance - Non-vegetated Anthropogenic (rights-of-way, well sites, roads, etc.) Anth. 
Other Lake, pond, reservoir, river, stream Water 

Cloud / haze, shadow Cloud 

Note: 1 LCC are based on the AGCC strata listed by Sánchez-Azofeifa et al. (2004) and numbers in brackets correspond to the digital number for the 
classification value for AGCC. 

 

Aquatic Resources 
Ecosystems in which aquatic resources were assessed for the Aquatic Ecology RSA were defined 
according to whether a feature was flowing (i.e., lotic) or not (i.e., lentic). Linear drainage features 
characterized as seasonal drainages, creeks, streams or rivers were regarded as lotic, whereas ponds 
and lakes were classified as lentic sites. Although beaver-impounded waterbodies occur along lotic 
elements, these sites were considered lentic as they exhibit similar hydrological, ecological and biological 
functions as true lentic sites. 
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3A.3.3 Indicator Selection 

Given the complexity of the biological and ecological properties, relationships and processes that 
characterize biodiversity, detailed documentation and measurement of all variables is not feasible due to 
logistic, budgetary and/or biological limitations. Alternatively, variation of biodiversity may be extrapolated 
from the variation observed within a subset of ecologically or biologically meaningful parameters. The 
cumulative variation of these parameters may be quantified, defined as biodiversity potential. Given 
inherent differences between biological and geospatial data sources for ecosystems and landscapes, 
Ecosystem Biodiversity Potential and Landscape Biodiversity Potential were determined independently, 
and are the indicators at which biodiversity is assessed for the Project. 

Measurable parameters (parameters) of biodiversity are broad expressions of biological or ecological 
factors known to vary with biodiversity in a predictable manner allowing for inferential quantification of 
biodiversity. For example, in cases where density of species is constant or otherwise not of consideration, 
higher species richness confers higher biodiversity (Noss 1990). Consequently, species richness is a 
valid parameter by which to measure biodiversity potential. 

The following criteria were used to select parameters and associated metrics for measuring key aspects 
of biodiversity in this assessment: 

• parameters should be quantifiable either by field observation or analysis within a geographic 
information system (GIS); 

• parameters should vary and respond to disturbance within the spatial and temporal boundaries of the 
Project; and 

• parameters should vary positively with their associated influence on, or in response to, changes in 
biodiversity. 

Parameters are calculated according to defined metrics (e.g., richness, Shannon Weaver Evenness 
Index), and summarized according to biodiversity indices organized in relation to the associated level of 
biological organization (e.g., Species Biodiversity Index), as shown in Table 3A-3. 
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TABLE 3A-3 
 

INDICATORS OF BIODIVERSITY, BIODIVERSITY INDICES, AND MEASURABLE PARAMETERS 
AND ASSOCIATED METRICS 

Indicator Biodiversity Index 
Measurable 
Parameter Metric 

Ecosystem Biodiversity 
Potential 

Species 
Biodiversity Index 

Potential Species 
Richness 

Maximum Species Richness 
(Jackknife Method) 

Observed Rare / Sensitive 
Species Rare / Sensitive Species Richness 

Potential Rare / Sensitive 
Species Rare / Sensitive Species Richness 

Unique Species Mean Habitat Specificity 
(Species Specialization Index) 

Ecosystem 
Biodiversity Index 

Potential Rare Ecosystems Rare Ecological Community Richness 

Unique Ecosystems 

Mean Compositional Dissimilarity 
(Bray-Curtis Dissimilarity Index) 
Habitat Diversity1 
(Shannon Weaver Diversity Index) 

Landscape Biodiversity 
Potential 

Patch-specific Landscape 
Biodiversity Index 

Patch Area Patch Area 
Patch Neighbourhood 
Similarity 

Patch Neighbourhood Similarity 
(Similarity Index) 

Natural Edge Natural Edge (Edge Contrast Index) 

Ecosystem-specific 
Landscape 
Biodiversity Index 

Patch Shape Distribution Patch Shape 
(Shape Index) 

Shannon Weaver 
Evenness Index 
Coefficient of Variation 

Unique Ecosystems Ecosystem Richness 
(Complementary Richness Index) 

Note: 1 Applies to aquatics resources only. 
 

3A.3.4 Indicator Calculation 

The following section provides justification for selected parameters and the methods for calculation of 
their respective metrics. Results from calculation of metrics are provided in Attachment 3A1. 

3A.3.4.1 Ecosystem Biodiversity Potential 

Species Biodiversity Index 
Parameters were selected for their capacity to represent biodiversity at the species level of biological 
organisation. Species definitions and nomenclature were determined according to the Alberta 
Conservation Information Management System (ACIMS) (2011a) (vegetation species), and Alberta 
Sustainable Resource Development (ASRD) (2011) (wildlife and aquatic species) with additional 
taxonomic information drawn from NatureServe (2011) when necessary. 

Rare or sensitive species with potential to occur in the Central Mixedwood and Lower Boreal Highlands 
Natural Subregions, as well as all species observed during field surveys were reviewed and assessed for 
their conservation status and include species listed or ranked as: 

• Endangered, Threatened or Special Concern according to the Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC) (2011); 

• Endangered, Threatened or Special Concern under Schedule 1 of the Species at Risk Act (SARA); 

• At Risk, May be at Risk or Sensitive according to the Alberta General Status of Wild Species 2010 
(ASRD 2011); 

• Endangered, Threatened or Special Concern under the Alberta Wildlife Act; and 

• species listed according to the List of Tracked and Watched Elements (ACIMS 2011b). 
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Furthermore, species observed during field surveys were assessed for their respective degree of habitat 
specificity according to the results of field surveys and the calculation of a Species Specialization Index 
(SSI) (Julliard et al. 2006): 

1
1 

where p is the proportion of ecosystems in which a given species is observed. Given the manner in which 
the SSI functions, a species with low habitat specificity, having been observed in all potential habitat 
types (i.e., a habitat generalist), would exhibit a calculated value of 0. Species exhibiting progressively 
greater degrees of habitat specialization would similarly express greater respective calculated values of 
the SSI. 

Often, noncharacteristic vascular plant species may occupy unique microsites in otherwise homogeneous 
ecosystems, exhibiting enhanced species richness not characteristic of typical conditions. Since some 
parameters are selected to demonstrate the variation of biodiversity characteristic of typical conditions, 
inclusion of these noncharacteristic species may disrupt the function and intent of selected parameters. 
Consequently, only characteristic species, those species occurring in at least 70% of sampled locations 
(i.e., frequency of 70%), or a prominence value greater than 20, were considered in the compositional 
similarity calculation for vascular plants. Prominence for species i, Pi, was determined in the same 
manner applied by Beckingham and Arc bhi ald (1996), whereby: 

P frequency cover  

 
Metrics were calculated and summarized according to the ecosystems of the respective study area 
(Section 3A.3.2). As shown in Table 3A-3, the parameters selected for representing biodiversity at the 
species level of biological organisation include: 

• potential species richness; 

• rare / sensitive species; and  

• unique species. 

Potential Species Richness 
Biodiversity among ecosystems is positively influenced by both variation in the density of species and the 
number of species observed (i.e., species richness). Where density of species is constant or otherwise 
not of consideration, higher species richness infers higher biodiversity (Noss 1990). Furthermore, species 
richness is known to vary positively with area of habitat (Magurran 2004). Landscapes dominated by 
ecosystems with high potential species richness will exhibit greater biodiversity than those landscapes 
dominated by ecosystems with low potential species richness. Activities associated with the clearing and 
reclamation of the Project will necessarily affect the area of ecosystems and, therefore, may affect the 
level of biodiversity in a landscape. 

Since exhaustive quantification of species and their distribution within the Project Area is impractical, 
application of predictive methods allows for projection of species richness based on the results of 
constrained field sampling (Colwell and Coddington 1994, Magurran 2004). The non-parametric Jackknife 
method was applied for the calculation of potential species richness (Smax) for taxonomic groups where 
sampling methodology was characterized by a m b  su t (Magurran 2004): easura le rvey effor

2 3 2
1  

where: Sobs is the cumulative number of observed species; L is the number of species observed only once; 
M is the number of species observed only twice; and n is the number of locations at which sampling was 
conducted. 
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Observed and Potential Rare / Sensitive Species 
Rare or sensitive species are those determined to be of conservation concern due to one or more factors 
of their biology or environment. The presence of rare or sensitive species not only contributes to overall 
species richness within a study area, but may also indicate the presence of unique conditions or 
associations further influencing diversity within other taxonomic groups, ecosystems or across the 
landscape of a study area (Noss 1990). Therefore, greater proportions of rare or sensitive species within 
an ecosystem may indicate greater biodiversity than those with relatively fewer rare or sensitive species. 
By interacting with the factors affecting their rarity or sensitivity, activities associated with the clearing, 
construction, operation and reclamation of the Project may potentially affect populations of rare or 
sensitive species encountered by, or with potential to occur in the vicinity of the Project and, therefore, 
affect biodiversity. 

The number of rare / sensitive species with potential to occur, and observed to occur during field surveys 
were enumerated for each ecosystem.  

Unique Species 
Although species uniqueness may coincide with rarity or sensitivity, variation of a species’ local 
distribution may differ from that observed across its entire range and, therefore, a conservation status 
used to define rarity or sensitivity may not accurately reflect how unique a species is to the study area. 
Unique species may have limited distribution within a study area, corresponding to a species’ inherent 
degree of habitat specificity. Habitat specificity is characterized on a spectrum that ranges from specialists 
(i.e., high specificity) to generalists (i.e., low specificity). A landscape composed of ecosystems dominated 
by primarily habitat generalists would necessarily exhibit lower biodiversity relative to a similar landscape 
with ecosystems dominated by primarily habitat specialists, since fewer generalist species could occupy 
the same number of habitats that a community of alternatively specialist species would occupy. Many 
habitat specialists are known to respond negatively to fragmentation and disturbance and, therefore, may 
be affected by Project impacts associated with the clearing, construction, operation and reclamation of 
the Project (Devictor et al. 2008). 

Mean habitat specificity was calculated according to the average SSI for all species of a taxonomic group 
observed in each assessed ecosystem. Given the potential variation of the SSI, a community composed 
of strict habitat specialists within an ecosystem would exhibit a high value of mean habitat specificity, 
while a community composed of strict habitat generalists would exhibit a mean habitat specificity of 0. 

Ecosystem Biodiversity Index 
Similar to rare species, ACIMS regularly collects data and ranks the rarity of ecological communities, 
informing prioritization of ecosystem management and conservation planning goals within Alberta’s 
commitment to the Canadian Biodiversity Strategy. Rare ecological communities are those listed on the 
List of Tracked or Watched Elements (ACIMS 2011b). 

As shown in Table 3A-3, the parameters selected for demonstrating variation of biodiversity at the 
ecosystem level of biological organisation include: 

• rare ecological communities; and 

• unique ecosystems. 

Potential Rare Ecological Communities 
Ecosystems are characterized by communities of vascular plant species that may vary among 
occurrences of the ecosystem within a predictable range of variation that has allowed for the development 
of ecological classification schemes. Due to site-specific, locally or regionally unique ecological 
conditions, vegetation communities may develop that are not characteristic of the community composition 
typically identified for a specified ecosystem. The vegetation communities that develop under these 
unique conditions (i.e., rare ecological communities) are determined to be of conservation concern due to 
one or more factors of their ecology or biological factors of their component species. The presence of rare 
ecological communities positively relates to biodiversity within a landscape, by increasing the number of 
species associations and ecological pathways within an ecosystem (Noss 1990). 
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Rare ecological communities with potential to occur in the Central Mixedwood and Lower Boreal 
Highlands Natural Subregions were reviewed and assessed for their conservation status according to 
ACIMS (ACIMS 2011b). The number of rare ecological communities with potential to occur was 
enumerated for each ecosystem assessed within the study area.  

Unique Ecosystems 
Mean Compositional Dissimilarity 

Communities of species vary in composition among ecosystems. Due to the variation of persistent 
associations among species and the similarity of potential ecological niches among ecosystems, 
ecosystems may vary in the similarity of their associated communities. This variation may be 
characterized across a spectrum ranging from compositionally similar communities (communities 
exhibiting complete similarity may be considered to be from the same ecosystem), to compositionally 
dissimilar communities. Ecosystems characterized by compositionally dissimilar communities (i.e., less 
similar to other ecosystems) contribute more to biodiversity than ecosystems composed of similar species 
assemblages by increasing the number of unique species associations within a landscape. 

Compositional similarity between ecosystems i, and j, may be determined using the SØrenson Similarity 
Measure (SSM): 

,
2 ,

2 ,
 

where C is the number of shared species between ecosystems, and S is the number of total species 
documented for the specified ecosystem i or j (Magurran 2004). To achieve the criterion that a parameter 
must vary positively with biodiversity, the complementary index of the SØrenson Similarity Measure, the 
Bray-Curtis Dissimilarity Index (BCI) (Magurran 2004), was calculated for each ecosystem according to 
the following: 

, 1 ,  

An ecosystem’s respective uniqueness was determined by calculating the mean BCI value across each 
pairing of ecosystems encountered in the study area. Consequently, an ecosystem composed of an 
assemblage relatively dissimilar from all other ecosystems will express a high value of mean BCI. 

Habitat Diversity 

The relative uniqueness of an ecosystem may be influenced by the number of habitat types and their 
respective density within that ecosystem. Specifically, ecosystems with a greater number and even 
distribution of available habitats (i.e., greater habitat diversity) may provide a greater number of ecological 
niches compared to ecosystems with lower habitat diversity. Consequently, a greater number of 
ecological niches may support greater species richness and, therefore, greater biodiversity. 

Since activities associated with the clearing, construction, operation and reclamation of the Project will not 
result in alteration or loss of aquatic ecosystems (i.e., Drainage Basins, Drainage Features) or habitats 
(i.e., GF classes), the diversity of habitats is anticipated to not vary among Project phases, and therefore 
may be quantified and discussed in the context of Ecosystem Biodiversity Potential. Conversely, since 
clearing and reclamation activities for the Project will result in the alteration or loss of terrestrial 
ecosystems, this parameter may be quantified for each of the Project phases and, therefore, has been 
addressed in the context of Landscape Biodiversity Potential (refer to the Unique Ecosystems parameter 
below). 

The linear extent of GF classes was calculated relative to the cumulative length of drainage features 
mapped for each Drainage Basin of the Aquatic Ecology LSA. Using the proportional extents of each GF 
class, diversity of habitats was quantified t e h on Weaver Diversity Index (SWDI): according o th S ann

ln  

where pi is the proportional extent of GF class i and k is the number of GF classes encountered in the 
Drainage Basin. 
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Ecosystem Biodiversity Potential 
Patterns of variation within parameters may not necessarily vary in equivalent manners or magnitudes 
among assessed taxonomic groups. Furthermore, due to the variation in study design and survey effort 
associated with data collection, absolute values are difficult to compare among taxonomic groups or 
ecosystems. Consequently, metrics were standardized to facilitate comparison among taxonomic groups 
and ecosystems. 

Standardized metrics for species and ecosystem parameters of biodiversity were calculated as the 
proportion of the measured response relative to the maximum response within the suite of calculated 
values among all ecosystems. Consequently, the ecosystem with the highest value for a metric would 
have a relative value of 1.00. 

Due to limitations of accessibility and survey-specific study design, sampling density was not evenly 
applied across all taxonomic groups or ecosystems within the terrestrial and aquatic study areas. To 
account for bias attributed to variation of sampling density, the associated mean responses for 
parameters were weighted according to the number of species observed for each taxonomic group and 
ecosystem, respectively. The weighted-mean was determined by calculating the sum of all absolute 
metric values (i.e., the standardized value multiplied by the maximum absolute value) multiplied by their 
respective weights (i.e., the number of species used in the calculation of the metric), then divided by the 
sum of the respective weights for all assessed taxonomic groups.  

The weighted-means for metrics of species and ecosystem parameters of biodiversity were calculated, 
standardized and then averaged to achieve Species and Ecosystem Biodiversity Indices, respectively. 
The average between the Species Biodiversity Index and Ecosystem Biodiversity Index for a given 
ecosystem was calculated to achieve its Ecosystem Biodiversity Potential. Example calculations for the 
Species Biodiversity Index, Ecosystem Biodiversity Index, their associated metrics and the resulting 
Ecosystem Biodiversity Potential for the d1 ELC class are provided in Table 3A-4. Complete results from 
the calculation of Species Biodiversity Index, Ecosystem Biodiversity Index, their associated metrics and 
the resulting Ecosystem Biodiversity Potential for assessed ecosystems are provided in Attachment 3A1. 

Categorical rankings of Low, Moderate, High and Unrankable Ecosystem Biodiversity Potential were 
assigned according to their respective ranges divided at the 25th and 75th percentiles of the rank-order 
distribution for Ecosystem Biodiversity Potential across all naturally occurring ecosystems. The 25th and 
75th percentiles, from the rank-order distribution of Ecosystem Biodiversity Potential, were used to define 
the upper limits of Low and Moderate Ecosystem Biodiversity Potential, respectively. High Ecosystem 
Biodiversity Potential was defined as any value greater than the 75th percentile. Ecosystems associated 
with disturbance, non-terrestrial mapped features (e.g., clouds, water) or where data was not available to 
facilitate ranking, were been considered “Unrankable”. The results of the rank assignment including the 
calculated values for the 25th and 75th percentiles of Ecosystem Biodiversity Potential among assessed 
ecosystems are provided in Attachment 3A2. 
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TABLE 3A-4 
 

EXAMPLE CALCULATION FOR ECOSYSTEM BIODIVERSITY POTENTIAL OF THE d1 ELC CLASS 

Parameter, Metric and Taxonomic Group (Weight) Calculation1 
Standardized, 

Weighted-mean2 
SPECIES BIODIVERSITY INDEX  
Potential Species Richness  

0.41  Breeding Songbirds (10): (0.38 x 34) x 10 = 129 
 Vascular Plants (53): (0.47 x 156) x 53 = 3886 
 Weighted Mean (63): (129 + 3886) ÷ 63 = 64  

Observed Rare / Sensitive Species3  

0.30 
 Breeding Songbirds (10):  0.10 x 10 = 1 

 Vascular Plants (53): 0 x 53 = 0 
 Nonvascular Plants (18): 0.17 x 18 = 3 
 Weighted Mean (81): (1 + 3) ÷ 81 = 0.05  

Potential Rare / Sensitive Species  0.58 
Vascular Plants (79): 0.58 

Unique Species  

0.57 

Mammals (8): (0.96 x 0.84) x 8 = 6.45 
Breeding Songbirds (10): (0.66 x 2.89) x 10 = 19.07 

Vascular Plants (14): (0.61 x 2.97) x 14 = 25.19 
Nonvascular Plants (18): (0.70 x 2.71) x 18 = 34.15 

 Weighted Mean (50): (6.45 + 19.07 + 25.19 + 34.15) ÷ 50 = 1.70  
Species Biodiversity Index: (0.41 + 0.30 + 0.58 + 0.57) ÷ 4= 0.47 0.47 

   

ECOSYSTEM BIODIVERSITY INDEX   
Potential Rare Ecosystems2  0.17 

Rare Ecological Communities (12): 0.17 
Unique Ecosystems  

0.87 

Mammals (8): (0.65 x 0.48) x 8 = 2.50 
Breeding Songbirds (10): (0.98 x 0.97) x 10 = 9.51 

Vascular Plants (14): (0.81 x 0.87) x 14 = 9.87 
Nonvascular Plants (18): (0.93 x 0.89) x 18 = 14.90 

 Weighted Mean (50): (2.50 + 9.51 + 9.87 + 14.90) ÷ 50 = 0.74  
Ecosystem Biodiversity Index: (0.17 + 0.87) ÷ 2 = 0.52 0.52 

   

Species Biodiversity Index: 0.47 -- 
Ecosystem Biodiversity Index: 0.52 -- 

Ecosystem Biodiversity Potential: 0.47 + 0.52 ÷ 2 = 0.49 0.49 
Notes: 1 Bolded values are the resulting weighted-mean from the average metric value across all assessed taxonomic groups. The weighted-mean is 

determined by calculating the sum of all absolute metric values (i.e., the standardized value multiplied by the maximum absolute value) 
multiplied by their respective weights (i.e., the number of species used in the calculation of the metric), then divided by the sum of the 
respective weights for all assessed taxonomic groups. Calculation of the weighted-mean mitigates the effects of a metric’s value attributed to 
variation associated with study design among surveys for each taxonomic group. 

 2 Standardized, weighted-means are determined relative to the maximum value calculated among all ecosystems assessed for the respective 
study area. This is conducted to mitigate effects of a metric’s relative scale magnitude on the calculation of subsequent biodiversity indices. 

 3 Observed Rare / Sensitive Species is expressed as a proportion of the Observed Species Richness according to the associated ecosystem 
and taxonomic group. Reported values have not been standardized against the maximum absolute value calculated across all ecosystems. 
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3A.3.4.2 Landscape Biodiversity Potential 

Geospatial data was analysed for metrics of landscape parameters of biodiversity using the FRAGSTATS 
Landscape Analysis Tool Version 3.3 (McGarigal et al. 2002). Given that FRAGSTATS limits analysis to 
raster format data only, geospatial data for ecosystems delineated within the Terrestrial LSA was 
converted from a vector format to a raster grid. A 4 m resolution was determined to provide the greatest 
accuracy given the scale at which the base data was delineated (i.e., 1:20,000). Due to limitations of the 
geospatial data used for characterization of patches within the Terrestrial RSA, landscape metrics were 
determined according to the coarser resolution of a 30 m raster grid. 

Since the Project is not anticipated to impact the spatial arrangement or structure of aquatic ecosystems 
(e.g., Drainage Basins, Lentic / Lotic Drainage Features), calculation of landscape metrics for Drainage 
Basins and drainage features in the Aquatic Ecology LSA and RSA was not conducted. 

Landscape metrics are quantitative values intrinsic to the spatial and temporal identity of each occurrence 
of an ecosystem within a landscape (i.e., a patch). Although landscape metrics are determined according 
to patch-specific traits, their functional relationship with ecological processes may be more applicable to 
the ecosystem as a whole rather than to each specific patch. Consequently, both patch-specific and 
ecosystem-specific Landscape Biodiversity Indices were calculated, based on the mean of calculated 
values across the suite metrics calculated for selected parameters. 

Patch-Specific Landscape Biodiversity Index 
Parameters of landscape biodiversity illustrate how species, populations and individuals interact with 
diversity across landscapes. The unit at which effects to landscape diversity operate is the “patch”: a 
homogeneous aggregation of species and structure determined by local variation in ecological conditions 
and disturbance. While patches may be attributed to ecosystems, due to the continuously scaled manner 
in which patch-specific parameters vary, metrics for parameters of landscape biodiversity were 
determined for individual patches. For ease of description, variation within metrics for parameters of 
landscape biodiversity may be grouped and described according to ecosystems. 

The parameters selected for demonstrating patch-specific variation of biodiversity at the landscape level 
of biological organisation include: 

• patch area;  

• patch neighbourhood similarity; and 

• natural edge. 

Patch Area 
Where patches are considered in isolation of one another, species richness increases with area of the 
associated patch (Magurran 2004, Simberloff 1974). Therefore, large patches are more likely to contain a 
greater number of species than smaller patches, thereby relating positively to biodiversity. Activities 
associated with the clearing, construction and reclamation of the Project will affect patch area and, 
therefore, may affect species richness in affected patches. 

The Patch Area function within FRAGSTATS was applied to determine the specific area for each patch 
(McGarigal et al. 2002). 

Patch Neighbourhood Similarity 
Although ecosystems exhibit variation that may be artificially defined according to discrete categories, 
natural variation among ecosystems exists across a spectrum of similarity. Furthermore, spatial 
dispersion and size of patches in a landscape may interact with the variation of similarity among 
ecosystems. Consequently, the functional distance between neighbour patches (i.e., patches of identical 
ecosystem classification not in contact with one another) may be relative to the patch “neighbourhood” 
(i.e., the collection of patches surrounding a focal patch). If two neighbour patches are divided by a 
neighbourhood of large, relatively similar patches, then the functional distance between neighbour 
patches would be much less than if they were separated by a neighbourhood of small, relatively dissimilar 
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patches. By regarding patches as islands of habitat within a neighbourhood of variably similar matrix, 
biodiversity within a specific patch may be affected by the level of isolation from neighbour patches 
determined by the degree of similarity in the nieghbourhood (Simberloff 1974). Consequently, higher 
levels of biodiversity may be supported where a patch is surrounded by a neighbourhood of relatively 
similar ecosystems. Regardless of the creation of barriers to movement of wildlife species, activities 
associated with the clearing, construction and reclamation of the Project have potential to affect the 
neighbourhood of patches within the landscapes of the Terrestrial LSA and RSA. 

Patch neighbourhood similarity was determined by applying the Similarity Index within FRAGSTATS 
(McGarigal et al. 2002). The similarity index determines a patch-specific index value according to the area 
of a focal patch, as well as the distances between and similarity to patches within a neighbourhood of 
specified distance from the focal patch. 

Natural Edge 
Linear and spatially expansive anthropogenic disturbances create edges within naturally-occurring 
patches which may negatively affect the biodiversity in adjacent or bisected patches. Patches with greater 
extents of edge in common with anthropogenic disturbance are potentially less suitable for native species, 
may be more susceptible to invasion by non-native species and other environmental edge effects. 
Furthermore, the edge in contact with anthropogenic disturbance may act as a barrier to the movement of 
individuals, energy and nutrients between patches. Consequently, patches characterized by greater 
proportions of their respective perimeter in contact with naturally occurring ecosystems may express 
greater biodiversity than those patches with relatively high contact with anthropogenic disturbance. 
Activities associated with the clearing and reclamation of the Project may affect the proportion of natural 
edge for patches within the landscapes of the Terrestrial LSA and RSA. 

To account for the complexity of patch sizes and shapes interacting with anthropogenic disturbance, the 
proportion of patch perimeter in contact with naturally occurring edge was calculated for each patch within 
the Terrestrial LSA and Terrestrial RSA using the Edge Contrast Index in FRAGSTATS (McGarigal et 
al 2002). Edge Contrast Index calculates the sum of patch’s edge length weighted according to a matrix 
that identifies the contrast weight when two ecosystems share a common edge. For the purposes of 
determining Natural Edge, the edge contrast matrix was structured such that naturally occurring 
ecosystems were assigned a weight of 1.00, while disturbance associated ecosystems were assigned a 
weight of 0.  

Ecosystem-Specific Landscape Biodiversity Index 
The parameters selected for demonstrating ecosystem-specific variation of biodiversity at the landscape 
level of biological organisation include: 

• patch richness; and 

• patch shape distribution. 

Patch Richness 
Variation of an ecosystem’s distribution in a study area may differ from the distribution across its entire 
range. Similar to the function of rare and unique species across a landscape, otherwise common 
ecosystems may be rare in a study area and therefore positively contribute to biodiversity by providing 
habitat conditions otherwise not facilitated by more common ecosystems. Consequently, activities 
associated with the clearing and reclamation of the Project may affect the number of patches (i.e., patch 
richness) for ecosystems within the landscapes of the Terrestrial LSA and RSA. 

Patch richness was calculated as the complementary proportion of the number of patches for an 
ecosystem relative to the total number of patches within the study area, herein defined as the 
Complementary Richness Index. Consequently, ecosystems with fewer patches achieve a 
Complementary Richness Index value greater than that calculated for more common ecosystems. 
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Patch Shape Distribution 
Due to the relative importance of different patch shapes (e.g., broad, evenly-shaped patches; and long, 
narrowly-shaped patches) and edge convolutions (refer to the discussion of Patch Shape, above), patch 
shape may affect patterns of habitat occupancy and utilization, thereby influencing variation of biodiversity 
(Noss 1990). While extensive areas of consistent habitat may be maximized when patches are evenly 
broad (i.e., round) in shape, corridors function to provide connectivity between round patches. 
Consequently, an even distribution of a wide variation of patch shapes is considered favourable to the 
maintenance of biodiversity within a landscape (Cumulative Environmental Management 
Association 2002). Activities associated with the clearing and reclamation of the Project may affect the 
distribution of patch shapes within the landscapes of the Terrestrial LSA and RSA. 

To quantify the complexity of a patch’s shape, Shape Index was calculated using FRAGSTATS 
(McGarigal et al. 2002). Shape Index is the ratio of the observed patch perimeter compared to the 
minimum perimeter possible for a patch of equivalent area. Following calculation of the Shape Index for 
all patches, a Shape Distribution Index (SDI) was calculated to quantify the diversity of patch shapes 
among ecosystems according to the following: 

 

∑ ln
ln  

 

In calculation of the SWEI for ecosystem i, pj is the proportion of patches for ecosystem i within SI class j, 
to a maximum number of SI classes, k. Shape Distribution Index was calculated by multiplying the 
Coefficient of Variation of Shape Index (CV) by the Shannon Weaver Evenness of Shape Index (SWEI) 
for each ecosystem. The CV for ecosystem i, is determined by dividing the standard deviation, σ, by the 
respective mean Shape Index. 

A high SDI (i.e., SDIMax = 1.00) is considered favourable to the maintenance of biodiversity since each 
ecosystem would be characterized by an even distribution across a wide range of patch shapes that 
provide expansive habitat and connectivity functions. 

Landscape Biodiversity Potential 
Standardization of landscape metrics was conducted across all patches within the assessed landscape 
(i.e., Terrestrial LSA and Terrestrial RSA). Statistics characterizing the distribution for standardized 
landscape metrics were summarized and reported according to ecosystem, allowing comparison among 
ecosystems of differences and expected changes to patch-specific and ecosystem-specific Landscape 
Biodiversity Indices. 

Subsequently, Landscape Biodiversity Potential was calculated for each patch in the assessed 
landscape, according to the average between the patch-specific and ecosystem-specific Landscape 
Biodiversity Indices for the ecosystem attributed to the patch in consideration. Since the metrics for 
parameters of landscape biodiversity may vary with impacts to patches due to activities associated with 
the clearing and reclamation of the Project, so too may Landscape Biodiversity Potential vary within the 
landscapes of the Terrestrial LSA and RSA. 

3A.3.5 Data Sources 

3A.3.5.1 Biological Data 

Biological data from aquatics, benthic invertebrate, vegetation and wildlife field surveys conducted for the 
Project were compiled for quantification of biodiversity metrics. Due to the differences in scope and study 
design within and among the biophysical disciplines (i.e., wildlife, vegetation and aquatics), only those 
taxonomic groups and survey locations where constrained sampling was conducted were included. 
Furthermore, although incidental observations are valuable in determining cumulative species richness, 
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they were excluded from the quantification of biodiversity metrics since they cannot be attributed to a 
defined survey effort. Given that data used to calculate metrics for parameters of biodiversity was limited 
to the results from field surveys for which a known sampling effort could be attributed, data used to 
calculate similar parameters for the Aquatic Ecology, Wildlife and Vegetation Assessments, may result in 
slight variation in the conclusions drawn for similar parameters discussed below (e.g., observed rare / 
sensitive species richness).  

Detailed methods and associated results of the field surveys contributing to the biological data used for 
quantification of biodiversity metrics are available in the following sections of this EIA: 

• 2010 and 2011 Aquatic Ecology Baseline field surveys (Volume 3, Appendix 4A); 

• 2010 Benthic Invertebrate Sampling (Volume 3, Appendix 4B); 

• 2011 Vegetation Baseline field surveys (Volume 4, Appendix 1A); 

• 2010 / 2011 Winter Tracking Surveys (Volume 4, Appendix 2B); and 

• 2010 and 2011 Breeding Songbird Surveys (Volume 4, Appendix 2B). 

To ensure integrity of data and associated statistics, metrics were determined independently for each 
taxonomic group in which methods for data collection were consistently applied. To ensure consistency of 
taxonomic specificity for observations made during Winter Tracking Surveys, results are summarized 
according to the taxonomic level of Genus, given that tracks are often indistinguishable among congener 
species. Similarly, specimens of benthic invertebrates were not consistently identifiable to a lowest 
taxonomic level of species among all greater observed taxa and, therefore, were summarized according 
to a lowest taxonomic level of Genus where available. 

3A.3.5.2 Spatial Data 

Data used for the calculation of metrics for landscape parameters of biodiversity were derived from 
digitized raster (i.e., grid) maps of the Terrestrial LSA and RSA, classified according to their respective 
ecosystem classification schemes. Patches were defined according to contiguous areas classified to the 
same ecosystem. Existing disturbance captured by mapping data sources was reviewed and updated 
according to existing disturbance visible on up-to-date satellite imagery captured in 2011. 

For the purposes of the calculation of metrics for landscape parameters of biodiversity, only those 
disturbances capable of being accurately represented by the mapped scale were included. Consequently, 
some linear corridors were not captured, as the mean width of their disturbance was less than the width 
of a single grid cell. Sensitivity analyses were conducted to ensure that no bias was generated by their 
exclusion. 

Further details regarding the sources and methods used to derive the maps used in the calculation of 
metrics for landscape parameters of biodiversity are available in Appendix 1A of the Vegetation 
Assessment (Volume 3, Section 1.0). 

3A.4 Results 

3A.4.1 Ecosystem Biodiversity Potential 

The variation of parameters and biodiversity indices is discussed below in the context of those ELC 
classes, or groups of ELC classes, exhibiting higher or lower values relative to other ELC classes. Given 
that metrics and, therefore, parameters and biodiversity indices, were designed to vary positively with 
biodiversity, ELC classes with higher metric values would infer higher biodiversity in the context of the 
parameter under consideration. The list of ELC classes assessed for the biodiversity report are provided 
in Table 3A-1, with further details regarding respective ecological context are provided in the Vegetation 
Baseline Report (Volume 4, Appendix 1A). 
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Ecosystem Biodiversity Potential is the cumulative consideration of the variation among parameters for a 
specified ecosystem. Ecosystems demonstrating high values of calculated metrics will consequently 
express a high Ecosystem Biodiversity Potential. 

3A.4.1.1 Local Study Area 

Terrestrial Resources 
Several ELC classes sampled during field surveys were encountered relatively infrequently and, 
therefore, results from the field surveys for mammals, breeding songbirds and nonvascular plants were 
inconsistently available for inclusion in the calculation of some metrics. Further details regarding sampling 
effort according to assessed ecosystems and taxonomic groups, as well as the results from calculation of 
metrics for species and ecosystem parameters of biodiversity and the resulting biodiversity indices are 
available in Attachment 3A1 (Table 3A1-1). 

Species Parameters and Biodiversity Index 
Potential Species Richness 

Variation of potential species richness and, therefore, variation with biodiversity, across ELC classes was 
variable among breeding songbirds, vascular and nonvascular plants. ELC classes exhibiting the greatest 
potential species richness for breeding songbirds included the mesic mixedwood ELC class (d2) and 
shrubby wetlands, while treed fens (j1 and k1), and coniferous dominant forests of relatively moist 
conditions (f3 and h1) exhibited the highest potential species richness for vascular plants (see Table 3A1-
1 in Attachment 3A1). 

Nonvascular plants exhibited the highest potential species richness in moist forests of mixedwood and 
coniferous canopies (e2, e3 and h1) as well as wetlands of poor nutrient regime (i1 and j1). 

Across all assessed taxonomic groups, moist mixedwood forests (e2), wet coniferous forests (f3 and h1) 
as well as nutrient-poor treed fens (j1) expressed the highest potential species richness. 

Observed Rare / Sensitive Species 

ELC classes characterized by moist to wet mixedwood and coniferous forested uplands (e2 to f2 and e3 
to f3, respectively) exhibited the highest proportion of rare or sensitive breeding songbirds among those 
ELC classes assessed during field surveys (see Table 3A1-1 in Attachment 3A1). 

The total number of rare or sensitive vascular plant species remained low (≤ 2), which may be explained 
by the low level of detectability during field surveys. Meadows (i.e., Mead.) and nutrient-poor treed fen 
(i.e., j1) ELC classes exhibited the highest proportion of rare or sensitive vascular plant species relative to 
the total species observed. The low rate of detectability of rare vascular plants may be attributed to the 
intent and function of the different types of Vegetation Baseline field surveys (e.g., ground, detailed and 
biodiversity surveys), as well as the inherent nature of population demography associated with rare or 
sensitive species. Volume 4, Appendix 1A provides detailed results of the surveys targeted for detection 
of rare or sensitive vascular plant species with potential to be encountered by the Project. 

In consideration of nonvascular plants, moist coniferous forest and shrubby rich fen ELC classes (i.e., e3 
and k2, respectively) exhibited the highest proportion of rare or sensitive species observed. 

Across all assessed taxonomic groups, moist mixedwood and coniferous forests (e2 and e3), meadows 
and nutrient-poor treed fens (j1) exhibited the highest proportion of observed rare / sensitive species. 

Potential Rare / Sensitive Species 

According to the habitat descriptions provided for rare or sensitive plants with potential to occur in the 
vicinity of the Project (Volume 4, Appendix 1A), moist to wet forested ELC classes (e1, e2, e3, f1, f2, f3, 
g1 and h1) and l1 wetlands exhibited the highest potential for supporting rare or sensitive vascular plants 
(see Table 3A1-1 in Attachment 3A1). Conversely, peatlands exhibited the lowest potential for supporting 
rare or sensitive vascular plants.  
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Unique Species 

Forested uplands comprising the d1, d3 and e2 ELC classes, as well as nutrient-poor treed fens (j1) 
exhibited the highest mean habitat specificity among mammals; however, given their inherent mobility 
and limited survey effort distribution among ELC classes encountered in the Terrestrial LSA, the mean 
habitat specificity for mammals was relatively low compared to the other assessed taxa (see Table 3A1-1 
in Attachment 3A1). 

Among breeding songbirds and vascular plants, most forested upland ELC classes exhibited lower mean 
habitat specificity than many non-forested and wetland ELC classes. Conversely, higher habitat specificity 
was calculated for breeding songbirds observed in shrubby wetlands, and vascular plants observed in 
marshes (l1), respectively, when compared to all other ELC classes. 

Nonvascular plants exhibited less variation of habitat specificity than that calculated for vascular plants 
and breeding songbirds, with no consistent pattern among ELC classes. 

Across all assessed taxonomic groups, meadows, nutirient-rich shrubby fens (k2), in addition to marshes 
(l1) and shrubby wetlands were characterized by species with the highest mean overall mean species 
specialization index. 

Species Biodiversity Index 

Given the variation attributed to the above discussed metrics, variation of the Species Biodiversity Index 
was widely distributed among ELC classes encountered in the Terrestrial LSA, with many upland ELC 
classes typically exhibiting higher levels of Species Biodiversity Index than wetlands overall (Figure 3A-6; 
see Table 3A1-1 in Attachment 3A1). 

 
Figure 3A-6 Distribution of the Species Biodiversity Index according to Ecological Land 

Classification for terrestrial resources within the Terrestrial LSA 
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Ecosystem Parameters and Biodiversity Index 
Potential Rare Ecosystems 

Within the Terrestrial LSA, treed and shrubby rich fen ELC classes (i.e., k1 and k2, respectively) exhibited 
the greatest potential for supporting rare ecological communities among assessed ELC classes (see 
Table 3A1-1 in Attachment 3A1). 
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Unique Ecosystems 

Maximum mean Bray-Curtis Dissimilarity Index was lower for mammal communities among assessed 
ELC classes relative to other assessed taxonomic groups, likely due to their relatively high mobility and 
need for expansion of foraging range among habitats given resource limitation during winter (see 
Table 3A1-1 in Attachment 3A1). 

Conversely, breeding songbird communities exhibited the highest mean dissimilarity among ELC classes 
relative to other taxonomic groups, suggesting that each ELC class was typically more unique in 
composition when compared to all other ELC classes. 

Communities of vascular and nonvascular plants exhibited intermediate values of mean Bray-Curtis 
Dissimilarity Index across all ELC classes. 

Overall, wetland ELC classes exhibited the highest levels of mean Bray-Curtis Dissimilarity Index when 
averaged across all taxonomic groups, relative to other assessed ELC classes. 

Ecosystem Biodiversity Index 

The mean response of all metrics for ecosystem parameters of biodiversity was used to calculate the 
Ecosystem Biodiversity Index for terrestrial resources in the Terrestrial LSA. With the exception of 
regenerating burns, wet deciduous and mixed upland forests (i.e., Rg. Burn, f1 and f2, respectively) ELC 
classes, higher levels of Ecosystem Biodiversity Index were observed among wetlands compared to 
relatively lower values of Ecosystem Biodiversity Index identified for upland ELC classes (Figure 3A-7; 
see Table 3A1-1 in Attachment 3A1).  
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Figure 3A-7 Distribution of the Ecosystem Biodiversity Index according to Ecological Land 
Classification for terrestrial resources within the Terrestrial LSA 

 

Ecosystem Biodiversity Potential 
The range of variation in Ecosystem Biodiversity Potential was moderately broad among assessed ELC 
classes (ranging from 0.31 to 0.79) (Attachment 3A2, Table 3A2-1). High levels of Ecosystem Biodiversity 
Potential were distributed among moist to wet mixedwood and coniferous forests including the e2, e3, f3 
and h1 ELC classes, in addition to wetlands of relatively rich nutrient regime including k1 and k2 ELC 
classes (Figure 3A-8). The distribution of ranked Ecosystem Biodiversity Potential for the Terrestrial LSA 
is shown on Figure 3A-9. 
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Figure 3A-8 Distribution of Ecosystem Biodiversity Potential according to Ecological Land 
Classification for terrestrial resources within the Terrestrial LSA 

Note: Categories of Ecosystem Biodiversity Potential are depicted according to the portrayed colour scheme 
(i.e.,  Low,  Moderate,  High) and were defined according to the 25th and 75th percentiles (i.e., 
0.54 and 0.67, respectively) of the distribution for ELC classes in the Terrestrial LSA. 
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Aquatic Resources 
Due to logistical constraints, surveys for fish and benthic invertebrate sampling as part of the aquatic 
assessment varied among Drainage Basins within the Aquatic Ecology LSA (see Table 3A1-2 in 
Attachment 3A1). Consequently, metrics could not be determined for Drainage Basin E since field data 
was not available. 

Given the variation of methodology and survey effort among techniques used to collect data regarding 
fish species, it was necessary to calculate metrics separately. Consequently, metrics for parameters of 
species and ecosystem diversity are summarized according to whether they apply to data collected from 
minnow trap surveys, or the results of electro-fishing. Further details regarding the results from calculation 
of metrics for species and ecosystem parameters of biodiversity and the resulting biodiversity indices are 
available in Attachment 3A1 (Table 3A1-2). 

Species Parameters and Biodiversity Index 
Potential Species Richness 

Although field surveys appear to have documented the maximum species richness potential within the 
Aquatic Ecology LSA, application of the Jackknife method indicated that both Drainage Basin A and 
Drainage Basin D could each support up to one more species of fish (see Table 3A1-2 in Attachment 
3A1). 

Since sampling density for benthic invertebrates was low, the Jackknife method could only be applied to 
data obtained from a single Drainage Basin: a maximum of 45 taxa have potential to occur in Drainage 
Basin C. Since no comparison can be made among Drainage Basins, potential species richness for 
benthic invertebrates is not included in further calculations of Species Biodiversity Index or Ecosystem 
Biodiversity Potential. 

Across methods for sampling fish species, Drainage Basin A exhibited the highest overall potential 
species richness. 

Observed Rare / Sensitive Species 

Five species of fish were observed during field surveys in 2010 and 2011, of which two species were 
considered rare or sensitive. However, both species were only observed from Drainage Basin A (see 
Table 3A1-2 in Attachment 3A1). 

Due to a lack of information available to rank benthic invertebrates according to scales of rarity or 
sensitivity, richness of observed rare / sensitive species of benthic invertebrates could not be determined. 

Unique Species 

Mean habitat specificity of observed species was highest and most equally distributed across assessed 
Drainage Basins for benthic invertebrates (see Table 3A1-2 in Attachment 3A1). 

As an artifact of the low species richness detected using minnow traps (i.e., one), mean habitat specificity 
for fish captured in minnow traps was equal among Drainage Basins C and D. 

Conversely, Drainage Basin A exhibited the highest mean habitat specificity across fish species captured 
by use of a backpack electro-fisher, compared to fish species captured from Drainage Basins C and D 
using the same technique. 

Across all assessed taxonomic groups and fish sampling methods, Drainage Basin C exhibited the 
highest level of mean Species Specialization Index 

Species Biodiversity Index 

Among Drainage Basins assessed in the Aquatic Ecology LSA, Drainage Basin A exhibited the highest 
value for Species Biodiversity Index, while Drainage Base B exhibited the lowest value (see Table 3A1-2 
in Attachment 3A1). Intermediate levels of Species Biodiversity Index were observed in Drainage Basins 
C and D (Figure 3A-10). 
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Figure 3A-10 Distribution of the Species Biodiversity Index values according to Drainage Basin for 
aquatic resources within the Aquatic Ecology LSA 

 

Ecosystem Parameters and Biodiversity Index 
Unique Ecosystems – Habitat Diversity 

The diversity of GF classes was relatively high among all Drainage Basins, suggesting a high potential for 
aquatic habitat diversity that may be attributed to topographic variation throughout the landscape of the 
Aquatic Ecology LSA (see Table 3A1-2 in Attachment 3A1). 

Unique Ecosystems – Compositional Dissimilarity 

Given that minnow traps captured the same single species among Drainage Basins C and D, the mean 
Bray-Curtis Dissimilarity Index were equal to zero, indicative of the identical results of surveys (see 
Table 3A1-2 in Attachment 3A1). 

Due to low observed species richness detected in fish communities captured by electro-fisher, mean 
Bray-Curtis Dissimilarity Index was intermediate across all Drainage Basins among assessed taxonomic 
groups, with Drainage Basin A exhibiting the most unique community composition. 

Compositional dissimilarity among benthic invertebrate communities was relatively high compared to that 
determined for other assessed taxonomic groups. Assessed Drainage Basins exhibited similarly higher 
levels of mean Bray-Curtis Dissimilarity Index, suggesting that each Drainage Basin was characterized by 
a relatively unique community of benthic invertebrates. 

Given the relatively consistent levels of mean Bray-Curtis Dissimilarity Index among Drainage Basins 
within assessed taxonomic groups, overall compositional dissimilarity was relatively consistent among 
Drainage Basins. 

Ecosystem Biodiversity Index 

Given the relatively even distribution of variation across metrics among Drainage Basins, the Ecosystem 
Biodiversity Index for Drainage Basins of the Aquatic Ecology LSA was evenly distributed as well 
(Figure 3A-11; see Table 3A1-2 in Attachment 3A1). 
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Figure 3A-11 Distribution of the Ecosystem Biodiversity Index values according to Hydrological 
Basin for aquatic resources within the Aquatic Ecology LSA. 

 

Ecosystem Biodiversity Potential 
Variation of Ecosystem Biodiversity Potential among the Drainage Basins encountered in the Aquatic 
Ecology LSA was relatively narrow (ranging from 0.64 to 0.93) (see Table 3A2-2 in Attachment 3A2). 
Drainage Basin A exhibited the highest biodiversity potential, contrasting the lowest value determined for 
Drainage Basin B. (Figure 3A-12). The distribution of ranked Ecosystem Biodiversity Potential for the 
Aquatic Ecology LSA is shown on Figure 3A-13. Drainage Basin E is considered “Unrankable” due to a 
lack of available biological data, since surveys for fish and benthic invertebrate sampling were not 
conducted. 
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Figure 3A-12 Distribution of Ecosystem Biodiversity Potential according to Drainage Basin for 
aquatic resources within the Aquatic Ecology LSA 

Note: Categories of Ecosystem Biodiversity Potential are depicted according to the portrayed colour scheme 
(i.e.,  Low,  Moderate,  High) and were defined according to the 25th and 75th percentiles (i.e., 
0.67 and 0.80, respectively) of the distribution for ELC classes in the Aquatic Ecology LSA. 
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3A.4.1.2 Regional Study Area 

Terrestrial Resources 
Details regarding sampling effort according to assessed ecosystems and taxonomic groups, as well as 
the results from calculation of metrics for species and ecosystem parameters of biodiversity and the 
resulting biodiversity indices are available in Attachment 3A1 (Table 3A1-3). Only those LCC classes for 
which data was collected during field surveys are considered and discussed further. 

Species Parameters and Biodiversity Index 
Potential Species Richness 

Variation of potential species richness across LCC classes was relatively consistent among breeding 
songbirds, vascular and nonvascular plants, whereby upland habitat types exhibited higher potential 
species richness across all taxonomic groups relative to wetland habitat types (see Table 3A1-3 in 
Attachment 3A1). 

Mixedwood forests were determined to have the highest potential species richness for both breeding 
songbirds and nonvascular plants, while coniferous forests dominated by white spruce exhibited the 
highest potential species richness for vascular plants; nonvascular plants exhibited near maximum 
potential species richness within these coniferous and mixedwood forests as well. 

Overall, potential species richness was greatest for mixedwood forests as well as coniferous forests 
dominated by white spruce. 

Observed Rare / Sensitive Species 

Breeding songbirds exhibited the highest proportion of observed rare or sensitive species within 
mixedwood forests (see Table 3A1-3 in Attachment 3A1). 

Similar to results for ELC classes assessed for the Terrestrial LSA, poor detectability of rare / sensitive 
vascular plant species during field surveys resulted in a low number of observed rare / sensitive species 
relative to the total number of species observed for each LCC class. Despite low species richness, treed 
wetlands (fens) exhibited the highest number of rare / sensitive vascular plant species relative to other 
LCC classes. 

Nearly one-quarter of all nonvascular plant species observed in coniferous forests dominated by white 
spruce were considered rare or sensitive, marking the LCC class with the greatest richness of rare or 
sensitive non-vascular plants. 

Overall, coniferous forests dominated by white spruce exhibited the highest number of rare / sensitive 
species relative to other LCC classes assessed for the Terrestrial RSA. 

Potential Rare / Sensitive Species 

With the exception of coniferous forests dominated by jack pine and treed wetlands (i.e., bogs and fens), 
most LCC classes exhibited high potential to support rare or sensitive vascular plants,. Further details 
regarding habitat types described for rare or sensitive vascular plant species are provided within the 
Vegetation Assessment (Volume 4, Section 1.0).  

Unique Species 

Mean habitat specificity among mammals in the Terrestrial RSA was consistently even among assessed 
LCC classes. Similar to the pattern observed for ELC classes of the Terrestrial LSA, the lower level of 
mean habitat specificity among mammals may be attributed to relatively broad home ranges associated 
with resource limitation during winter (Attachment 3A1, Table 3A1-3). 

Communities of breeding songbirds exhibited a moderately diverse variation of mean habitat specificity 
among LCC classes, whereby shrubby wetlands and mixedwood upland forests were characterized 
predominantly of habitat specialists while other LCC classes were characterized by species from a 
diversity of habitat specificity. 
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Communities of vascular plants exhibited similar patterns of habitat specificity as those exhibited by 
communities of mammals observed during winter tracking surveys; the range of mean Species 
Specialization Index was relative even among LCC classes, however, communities of vascular plants 
exhibited an overall higher level of mean habitat specificity than mammals. 

Typical communities of nonvascular plants exhibited high levels of mean habitat specificity among most 
LCC classes, with the lowest mean habitat specificity observed in nonvascular plant communities within 
graminoid dominant wetlands. 

Across all assessed taxonomic groups, mean habitat specificity was highest among those species 
encountered in mixedwood forests, coniferous forests dominated by white spruce, and treed wetlands 
(bog). 

Species Biodiversity Index 

While most upland LCC classes exhibited higher levels of Species Biodiversity Index, coniferous forests 
dominated by jack pine contrasted with the lowest level of Species Biodiversity Index. All wetland LCC 
classes expressed intermediate levels of Species Biodiversity Index relative to upland LCC classes 
(Figure 3A-14; see Table 3A1-3 in Attachment 3A1).  

 
Figure 3A-14 Distribution of the Species Biodiversity Index according to Land Cover Classification 

for terrestrial resources within the Terrestrial RSA 

0

0.2

0.4

0.6

0.8

1

S
pe

ci
es

 B
io

di
ve

rs
ity

 In
de

x

Land Cover Classification

 

Ecosystem Parameters and Biodiversity Index 
Potential Rare Ecosystems 

Within the Terrestrial RSA, graminoid-dominant wetlands have the greatest potential for supporting rare 
ecological communities relative to other LCC classes (see Table 3A1-3 in Attachment 3A1). Otherwise, 
upland forests exhibited low to moderate potential, while wetlands exhibited a broader range of potential 
to support rare ecological communities. 

Unique Ecosystems 

All assessed taxonomic groups exhibited similar levels of mean Bray-Curtis Dissimilarity Index (see 
Table 3A1-2 in Attachment 3A1). Furthermore, the distribution of variation among LCC classes was 
relatively even across assessed taxonomic groups. Consequently, this pattern was consistently observed 
when overall mean Bray-Curtis Dissimilarity Index was calculated across taxonomic groups. Among 
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habitat types, wetlands expressed higher levels of mean Bray-Curtis Dissimilarity Index relative to 
forested uplands.  

Ecosystem Biodiversity Index 

Wetland LCC classes typically exhibited higher levels of Ecosystem Biodiversity Index relative to forested 
upland LCC classes (Figure 3A-15; see Table 3A1-3 in Attachment 3A1). Particularly, graminoid wetlands 
exhibited the highest value of Ecosystem Biodiversity Index while coniferous forests dominated by jack 
pine exhibited the lowest value. 
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Figure 3A-15 Distribution of the Ecosystem Biodiversity Index according to Land Cover 
Classification for terrestrial resources within the Terrestrial RSA 

 

Ecosystem Biodiversity Potential 

Variation of Ecosystem Biodiversity Potential across the range of LCC classes encountered in the 
Terrestrial RSA was moderately broad among assessed LCC classes (ranging from 0.38 to 0.81) (see 
Table 3A2-3 in Attachment 3A2). Similar to the results of Ecosystem Biodiversity Potential for the 
Terrestrial LSA, high levels of Ecosystem Biodiversity Potential were attributed to mixedwood upland 
forests and graminoid wetlands. Treed wetlands were both considered to have low Ecosystem 
Biodiversity Potential (Figure 3A-16). The distribution of ranked Ecosystem Biodiversity Potential for the 
Baseline Case is shown on Figure 3A-17. 
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Figure 3A-16 Distribution of Ecosystem Biodiversity Potential according to Land Cover 

Classification for terrestrial resources within the Terrestrial RSA 
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Aquatic Resources 
Similar to the methods for quantifying biodiversity of aquatic resources in the Aquatic Ecology LSA, it was 
necessary to calculate metrics for fish species according to survey method. Consequently, metrics have 
been summarized according to whether they apply to data collected from minnow trap surveys, or the 
results of electro-fishing. 

Details regarding sampling effort, the results from calculation of metrics for species and ecosystem 
parameters of biodiversity and the resulting biodiversity indices are available according to assessed 
ecosystems and taxonomic groups in Attachment 3A1 (Table 3A1-4). 

Species Parameters and Biodiversity Index 
Potential Species Richness 

Application of the Jackknife method for estimating Potential Species Richness indicated that lentic sites 
may have a maximum potential species richness of 1 for each method. This is consistent with the number 
of species documented by each sampling method during field surveys (see Table 3A1-4 in Attachment 
3A1). In lotic sites, use of minnow traps similarly resulted in a maximum species richness of 1 while use of 
a backpack electro-fisher may result in detection of up to 8 species of fish, 3 species more than observed 
during field surveys.  

Similar to the pattern identified for fish, benthic invertebrates were predicted to achieve a greater potential 
species richness in lotic features than lentic sites. 

Collective consideration of all assessed taxonomic groups indicated that lotic drainage features exhibited 
a higher overall potential species richness than lentic features. 

Observed Rare / Sensitive Species 

Five species of fish were observed during surveys in 2010 and 2011, of which two species considered 
rare or sensitive. However both species were only observed from lotic systems within the Aquatic Ecology 
RSA (see Table 3A1-4 in Attachment 3A1). 

Due to a lack of information available to rank benthic invertebrates according to scales of rarity or 
sensitivity, richness of observed rare / sensitive species of benthic invertebrates could not be determined. 

Unique Species 

Electro-fisher methods for sampling fish as well as benthic invertebrate communities exhibited higher 
mean habitat specificity for lotic systems than for lentic systems (see Table 3A1-4 in Attachment 3A1). No 
difference between drainage features was perceived among fish species caught with minnow traps. 
Consequently, overall mean Species Specialization Index was higher for lotic features than lentic 
features. 

Species Biodiversity Index 

In consideration of the variation for calculated metrics, compared among ecosystems, lotic sites 
expressed a much higher overall Species Biodiversity Index than lentic sites (see Table 3A1-4 in 
Attachment 3A1). 

Ecosystem Parameters and Biodiversity Index 
Given the uneven distribution of survey effort among ecosystems within the Aquatic Ecology RSA, Unique 
Ecosystems was the only parameter considered in the calculation of the Ecosystem Biodiversity Index. 
However, since meaningful patterns may only be determined when more than two ecosystems are 
considered, application of the mean Bray-Curtis Dissimilarity Index was not feasible. Consequently, no 
metrics for parameters of ecosystem biodiversity, nor Ecosystem Biodiversity Index, were calculated for 
ecosystems encountered in the Aquatic Ecology RSA.  
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Ecosystem Biodiversity Potential 
To effectively rank Ecosystem Biodiversity Potential, it is necessary to have sufficient data available to 
calculate the associated Species Biodiversity Index across at least two ecosystems within the Aquatic 
Ecology RSA (i.e., lentic and lotic sites). However, given that ecosystems were defined according to one 
of two potential Drainage Feature types, it was not possible to assign Ecosystem Biodiversity Potential 
ranks according to ecosystem. 

Regardless of the inability to rank Ecosystem Biodiversity Potential, lotic sites exhibited a higher 
biodiversity potential than lentic sites (Figure 3A-18). 
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Figure 3A-18 Distribution of Ecosystem Biodiversity Potential according to Drainage Features for 
aquatic resources within the Aquatic Ecology RSA 

 

3A.4.2 Landscape Biodiversity Potential 

The variation of parameters and biodiversity indices is discussed below according to ecosystem 
classification schemes, or relevant habitat types, exhibiting higher or lower values relative to other 
classes. Given that metrics, and therefore parameters and biodiversity indices, were designed to vary 
positively with biodiversity, classes with high metric values necessarily infer high biodiversity for the 
parameter under consideration. The list of classes according the ecosystem classification schemes 
applied for the Terrestrial LSA and RSA are provided in Table 3A-1 and Table 3A-2, respectively, with 
further details regarding their respective ecological context provided in the Vegetation Baseline Report 
(Volume 4, Appendix 1A). 

Since Landscape Biodiversity Potential is a quantitative value calculated from the variation among 
parameters for each individual patch, patches demonstrating high values of calculated metrics will have a 
high Landscape Biodiversity Potential. 

3A.4.2.1 Local Study Area 

The Terrestrial LSA was comprised of 1,956 patches delineated and classified among 24 naturally-
occurring ELC classes, and 2,397 patches among all naturally-occurring and disturbance associated ELC 
classes (Table 3A-1). 
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Patch-Specific Metrics and Landscape Biodiversity Index 
The distribution of standardized patch-specific metrics including Patch Area, Patch Neighbourhood 
Similarity, and Natural Edge are provided in Attachment 3A3 (Figure 3A3-1, Figure 3A3-2 and 
Figure 3A3-3, respectively). Patch-specific Landscape Biodiversity Index exhibited a similarly even 
distribution within and among ELC classes encountered in the Terrestrial LSA (Figure 3A-19).  

 
Figure 3A-19 Distribution of the Patch-Specific Landscape Biodiversity Index according to 

Ecological Land Classification for Patches within the Terrestrial LSA 
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Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 

 

Ecosystem-Specific Metrics and Landscape Biodiversity Index 

Patch Richness 
Wetlands, non-forested uplands as well as dry and moist forested upland ELC classes exhibited the 
highest values of Complementary Richness Index, indicating that these were the least common among all 
patches identified in the Terrestrial LSA (see Figure 3A3-4 in Attachment 3A3). Conversely, mesic to 
moist upland forests, wet coniferous upland forests and shrubby wetlands were most common and, 
therefore, exhibited relatively lower Complementary Richness Index values. 

Patch Shape Distribution 
The range of distribution of Shape Distribution Index varied widely among ELC classes; however, d3 
forested upland and l1 wetland ELC classes expressed the most even distribution of a broad range of 
patch shapes (i.e., high Shape Distribution Index) (see Figure 3A3-5 in Attachment 3A3). ELC classes 
characterized by low values of Shape Distribution Index were often associated with higher values of 
Patch Richness Index and included b3 and c1 forested uplands, non-forested upland ELC classes, as 
well as i2, j2, k1 and k2 wetland ELC classes (see Figure 3A3-4 in Attachment 3A3). 

Ecosystem-Specific Landscape Biodiversity Index 
When ecosystem-specific metrics are considered together, the distribution of the ecosystem-specific 
Landscape Biodiversity Index varied among ELC classes encountered in the Terrestrial LSA throughout 
the middle of the range from 0 to 1 (Figure 3A-20). 
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Figure 3A-20 Distribution of the Ecosystem-Specific Landscape Biodiversity Index according to 
Ecological Land Classification within the Terrestrial LSA 

 

Landscape Biodiversity Potential 
Similar to the distribution of Ecosystem Biodiversity Potential among ELC classes in the Terrestrial LSA, 
the distribution of Landscape Biodiversity Potential was relatively narrow among assessed ELC classes 
(Figure 3A-21). 

 
Figure 3A-21 Distribution of Landscape Biodiversity Potential according to Ecological Land 

Classification for Patches within the Terrestrial LSA 
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Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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3A.4.2.2 Regional Study Area 

The Terrestrial RSA was composed of 88,303 patches, delineated and classified among 7 naturally-
occurring vegetated LCC classes; and 103,784 patches among all naturally-occurring and disturbed LCC 
classes. Across all LCC classes, a high number of patches were delineated as a single raster grid cell. 
While this is an artifact of the manner in which the data is derived (i.e., via categorization of remotely-
sensed spectral data), it is important to note that approximately 45% (i.e., 39,769 patches) of all patches 
attributed to naturally-occurring vegetated LCC classes were delineated as a single raster grid cell. In 
contrast, approximately 5.3% of all patches attributed to naturally-occurring ELC classes in the Terrestrial 
LSA are delineated by a single raster grid cell. Consequently, the distribution of Patch Shape was skewed 
in comparison to the results of the Terrestrial LSA (Section 3A.4.2.1). 

Patch-Specific Metrics and Landscape Biodiversity Index 

Patch Area 
The distribution of Patch Area was relatively similar among LCC classes (see Figure 3A3-6 in 
Attachment 3A3). Small patches, defined were numerous in the Terrestrial RSA, evident from the skewed 
distribution for each LCC class being heavily weighted to lower values of standardized Patch Area (i.e., 
less than 0.4). 

Patch Neighbourhood Similarity 
The distribution of Patch Neighbourhood Similarity among LCC classes was highly variable (see Figure 
3A3-7 in Attachment 3A3). Typically, patches characterized by forested upland LCC classes existed in a 
neighbourhood of relatively high similarity, whereas wetlands existed in less similar neighbourhoods. 

Natural Edge 
Except in the cases of pine dominant coniferous forest, deciduous forest and shrubby wetlands, most 
(i.e., >50%) patches in the Terrestrial RSA exist in a natural context with no edge contact with 
anthropogenic disturbance (see Figure 3A3-8 in Attachment 3A3).  

Patch-Specific Landscape Biodiversity Index 
Given the respective distribution among LCC classes, low values and variation of Patch Area negatively 
influenced the distribution patch-specific Landscape Biodiversity Index. 

When the Patch Area, Patch Neighbourhood Similarity and Natural Edge parameters discussed above 
are combined to derive patch-specific Landscape Biodiversity Indices, the distribution of patch-specific 
Landscape Biodiversity Indices was moderately variable among LCC classes with most patches 
exhibiting lower levels of the index (Figure 3A-22). 
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Figure 3A-22 Distribution of the Patch-Specific Landscape Biodiversity Index according to Land 
Cover Classification for Patches within the Terrestrial RSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 

Ecosystem-Specific Metrics and Landscape Biodiversity Index 

Patch Richness 
Complementary Richness Index is a measure of how common an ecosystem is within a landscape: 
uncommon ecosystems are weighted greater than common ecosystems. Deciduous forests, mixedwood 
forests and treed wetlands (fens) contributed the highest number of patches to the Terrestrial RSA and, 
therefore, were attributed the lowest values of the Patch Richness Index (see Figure 3A3-9 in 
Attachment 3A3). Conversely, graminoid wetlands and coniferous forests dominated by jack pine were 
relatively uncommon in the Terrestrial RSA and, therefore, conferred relatively high values of the 
Complementary Richness Index. 

Patch Shape Distribution 
Due to the influence of the high number of patches in the Terrestrial RSA delineated by a single raster 
grid cell, the distribution of Shape Distribution Index values was relatively even and low among most LCC 
classes (see Figure 3A3-10 in Attachment 3A3). Mixedwood forests and coniferous forests dominated by 
white spruce approached higher levels of the Shape Distribution Index than other LCC classes, therefore 
exhibiting the most even and broad distribution of patch shapes.  

Ecosystem-Specific Landscape Biodiversity Index 
Similar to the patch-specific Landscape Biodiversity Index, ecosystem-specific Landscape Biodiversity 
Index varied within moderate levels among LCC classes. Coniferous forests dominated by white spruce 
exhibited the highest level of ecosystem-specific Landscape Biodiversity Index (Figure 3A-23). 
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Figure 3A-23 Ecosystem-Specific Landscape Biodiversity Index values according to Land Cover 
Classification for terrestrial resources within the Terrestrial RSA 

 

Landscape Biodiversity Potential 
With the exception of those patches attributed to coniferous forests dominated by white spruce, most 
patches within the Terrestrial RSA were distributed with little variation in Landscape Biodiversity Potential 
(Figure 3A-24). 
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Figure 3A-24 Distribution of Landscape Biodiversity Potential according to Land Cover 
Classification for Patches within the Terrestrial RSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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3A.5 Summary 

Across all study areas and measures of biodiversity potential (i.e., ecosystem, landscape), terrestrial 
resources typically exhibited moderate levels of biodiversity potential. While variation existed among 
ecosystems considered for each study area, no single ecosystem expressed exceptionally high or low 
levels of biodiversity potential. 

Aquatic resources exhibited relatively high levels of Ecosystem Biodiversity Potential among ecosystems 
of the Aquatic Ecology LSA and RSA. Contributing factors differentiating these results of terrestrial 
resources included low richness among fish species, of which a high proportion of the species 
documented were considered rare or sensitive. Additionally, given the low number of ecosystems used to 
characterize the respective study areas, other parameters of species and ecosystem biodiversity were 
weighted more heavily than when the same parameters were applied to terrestrial resources. 
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ATTACHMENT 3A1 
 

METRICS OF BIODIVERSITY 
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TABLE 3A1-1 
 

PARAMETERS AND ASSOCIATED STANDARDIZED METRICS, BIODIVERSITY INDICES AND  
ECOSYSTEM BIODIVERSITY POTENTIAL IN THE TERRESTRIAL LSA 

 
Maximum 

Absolute Value1,2 
Forested Upland Non-Forested Upland Wetland 

b32 c12 d12 d22 d32 e12 e22 e32 f12 f22 f32 g12 h12 Mead.2 Rg. Burn2 i12 i22 j12 j22 k12 k22 k32 l12 Sh. Wet.2 
Sampling Effort (# Sites)                          

Mammals3 -- 0 0 4.00 1.25 1.90 0 2.75 3.00 1.00 0 1.00 2.75 0.65 0 4.5 3.00 0 4.60 0 2.00 1.00 0 0 0.15 
Breeding Songbirds -- 0 0 12 13 5 2 12 9 1 1 4 7 8 0 3 4 2 8 0 5 0 1 0 5 

Vascular Plants -- 1 4 6 10 5 2 9 6 2 1 7 5 8 1 1 9 2 12 1 5 2 2 3 4 
Nonvascular Plants -- 1 1 2 7 3 0 7 5 0 0 3 1 6 0 0 8 2 7 1 4 1 1 0 2 

                          
Observed Species Richness (# Species)                          

Mammals4 -- -- -- 8 4 8 -- 8 7 4 -- 5 7 5 -- 7 4 -- 9 -- 5 -- -- -- 3 
Breeding Songbirds -- -- -- 10 17 8 2 14 8 5 4 4 11 9 -- 6 8 1 9 -- 7 -- 0 -- 15 

Vascular Plants5 -- 24 (18) 35 (8) 53 (14) 69 (12) 35 (7) 45 (15) 73 (14) 75 (23) 52 (13) 22 (17) 82 (13) 39 (7) 86 (15) 15 (10) 24 (5) 19 (6) 12 (7) 96 (11) 11 (8) 69 (14) 27 (6) 34 (3) 43 (4) 49 (10) 
Nonvascular Plants -- 10 7 18 33 26 -- 64 46 -- -- 39 15 61 -- -- 46 11 49 6 27 7 3 -- 15 

                          

SPECIES BIODIVERSITY INDEX                          
Potential Species Richness (# Species)                          

Breeding Songbirds 34 -- -- 0.38 1.00 0.32 -- 0.53 0.35 -- -- 0.15 0.56 0.38 -- 0.24 0.38 -- 0.44 -- 0.35 -- -- -- 0.88 
Vascular Plants 156 -- 0.36 0.47 0.71 0.35 -- 0.69 0.73 -- -- 0.85 0.44 0.89 -- -- 0.20 -- 1.00 -- 0.76 -- -- 0.49 0.43 

Nonvascular Plants 121 -- -- -- 0.59 0.36 -- 1.00 0.72 -- -- 0.57 -- 0.91 -- -- 0.75 -- 0.75 -- 0.40 -- -- -- -- 
Standardized, Weighted-mean6,7 120 -- 0.37 0.39 0.70 0.35 -- 0.83 0.77 -- -- 0.86 0.35 0.94 -- 0.02 0.53 -- 1.00 -- 0.73 -- -- 0.60 0.37 

                          

Observed Rare / Sensitive Species (# Species)8                          
Breeding Songbirds 4 -- -- 0.10 0.18 0.13 0 0.29 0.25 0 0.25 0.25 0.09 0.11 -- 0.17 0.13 0 0.11 -- 0 -- 0 -- 0.07 

Vascular Plants 2 0 0 0 0 0 0 0.07 0.04 0.07 0 0.07 0 0.06 0.20 0 0 0 0.17 0 0.07 0 0 0 0 
Nonvascular Plants 13 0.20 0 0.17 0.18 0.16 -- 0.14 0.28 -- -- 0.15 0.07 0.18 -- -- 0.15 0 0.12 0.17 0.15 0.29 0 -- 0.07 

Standardized, Weighted-mean6,7 23 0.39 0 0.33 0.51 0.49 0 0.80 0.93 0.47 0.26 0.70 0.21 0.73 0.89 0.22 0.73 0 1.00 0.39 0.59 0.39 0 0 0.17 
                          

Potential Rare / Sensitive Species (# Species)                          
Vascular Plants 79 0.35 0.27 0.58 0.59 0.63 0.94 0.95 0.99 0.95 0.97 1.00 0.97 0.99 0.42 0.25 0.29 0.29 0.32 0.28 0.28 0.28 0.48 0.85 0.85 

                          
Unique Species (Mean Species Specialization 
Index) 

 
                        

Mammals4 0.84 -- -- 0.96 0.40 1.00 -- 0.93 0.81 0.79 -- 0.63 0.79 0.65 -- 0.79 0.55 -- 0.93 -- 0.62 -- -- -- 0.43 
Breeding Songbirds 2.89 -- -- 0.66 0.79 0.47 0.65 0.70 0.53 0.80 0.48 0.35 0.62 0.47 -- 0.66 0.73 0.65 0.57 -- 0.49 -- -- -- 1.00 

Vascular Plants 2.97 0.65 0.66 0.61 0.57 0.47 0.75 0.53 0.75 0.48 0.65 0.47 0.49 0.65 0.80 0.77 0.53 0.61 0.62 0.53 0.82 0.78 0.43 1.00 0.70 
Nonvascular Plants 2.71 0.86 0.65 0.70 0.89 0.82 -- 0.87 1.00 -- -- 0.83 0.70 0.8 -- -- 0.96 0.72 0.79 0.65 0.70 0.99 0.59 -- 0.95 

Standardized, Weighted-mean6,7 2.97 0.69 0.62 0.57 0.71 0.58 0.73 0.69 0.77 0.50 0.60 0.62 0.53 0.65 0.80 0.52 0.77 0.63 0.63 0.55 0.62 0.85 0.50 1.00 0.81 
Species Biodiversity Index 0.48 0.32 0.47 0.63 0.51 0.56 0.82 0.87 0.64 0.61 0.80 0.52 0.83 0.70 0.25 0.58 0.31 0.74 0.41 0.56 0.51 0.33 0.61 0.55 

                          

ECOSYSTEM BIODIVERSITY INDEX                          
Potential Rare Ecosystems (# Rare Ecological Communities)                         

Rare Ecological Communities 12 0.50 0.08 0.17 0.50 0.33 0.17 0.50 0.50 0.17 0 0.33 0.17 0.17 0 -- 0.33 0.42 0.25 0.67 0.75 1.00 0.58 0.50 0.08 
                          

Unique Ecosystems (Mean Bray-Curtis Dissimilarity Index)                         
Mammals4 0.48 -- -- 0.65 0.65 0.71 -- 0.63 0.63 1.00 -- 0.65 0.58 0.69 -- 0.54 0.77 -- 0.54 -- 0.67 0.77 -- -- 0.90 

Breeding Songbirds 0.97 -- -- 0.98 0.91 0.87 1.00 0.93 0.92 0.92 0.97 0.99 0.85 0.92 -- 0.95 0.97 1.00 0.93 -- 0.87 -- -- -- 0.94 
Vascular Plants 0.87 0.78 0.89 0.81 0.82 0.90 0.86 0.77 0.82 0.76 0.81 0.74 0.86 0.78 0.95 0.82 0.91 0.95 0.83 0.84 0.88 0.97 0.94 1.00 0.90 

Nonvascular Plants 0.89 0.97 0.98 0.93 0.92 0.96 -- 0.89 0.96 -- -- 0.89 0.91 0.88 -- -- 0.93 0.99 0.91 0.95 0.91 0.97 1.00 -- 0.96 
Standardized, Weighted-mean6,7 0.84 0.84 0.95 0.87 0.93 0.89 0.90 0.89 0.91 0.81 0.84 0.87 0.86 0.89 0.95 0.72 0.96 1.00 0.88 0.93 0.89 1.00 0.98 0.89 0.99 

Ecosystem Biodiversity Index 0.67 0.51 0.52 0.72 0.61 0.54 0.69 0.71 0.49 0.42 0.60 0.51 0.53 0.47 0.36 0.65 0.71 0.56 0.80 0.82 1.00 0.78 0.69 0.53 
 

Species Biodiversity Index 0.48 0.32 0.47 0.63 0.51 0.56 0.82 0.87 0.64 0.61 0.80 0.52 0.83 0.70 0.25 0.58 0.31 0.74 0.41 0.56 0.51 0.33 0.61 0.55 
Ecosystem Biodiversity Index 0.67 0.51 0.52 0.72 0.61 0.54 0.69 0.71 0.49 0.42 0.60 0.51 0.53 0.47 0.36 0.65 0.71 0.56 0.80 0.82 1.00 0.78 0.69 0.53 

Ecosystem Biodiversity Potential 0.57 0.42 0.49 0.67 0.56 0.55 0.76 0.79 0.57 0.52 0.7 0.52 0.68 0.59 0.31 0.61 0.51 0.65 0.60 0.69 0.75 0.55 0.65 0.54 
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TABLE 3A1-1  Cont’d 

Notes: 1 The maximum reported value for a metric among all assessed ecosystems for the specified taxonomic group or standardized, weighted-mean. Maximum Absolute Value is the value against which metrics for a specific taxonomic group, or the weighted-mean calculated across assessed taxonomic groups, is standardized. Refer to Section 3A.3.4 for 
further methods on the standardization of metrics. 

 2 Double hyphens “--" indicate that insufficient data was available for the calculation of the associated metric or index. 
 3 Sampling effort for the Winter Tracking Survey is reported as proportions of 500 m long transects 
 4 Results from field surveys and calculated metrics were determined according to observations of identifiable genera during the Winter Tracking Surveys in 2010 and 2011. 
 5 Observed Species Richness provided in brackets () indicates the number of characteristic species used defined as those species with a frequency of occurrence >70%, or with a prominence value >20%.   
 6 The weighted-mean is determined by calculating the sum of all absolute metric values (i.e., the standardized value multiplied by the maximum absolute value) multiplied by their respective weights (i.e., the number of species used in the calculation of the metric), then divided by the sum of the respective weights for all assessed taxonomic groups. 

Calculation of the weighted-mean mitigates the effects of a metric’s value attributed to variation associated with study design among surveys for each taxonomic group. 
 7 Standardized, weighted-means are determined relative to the maximum value calculated among all ecosystems assessed for the respective study area. This is conducted to mitigate effects of a metric’s relative scale magnitude on the calculation of subsequent biodiversity indices. 
 8 Observed Rare / Sensitive Species is expressed as a proportion of the Observed Species Richness according to the associated ecosystem and taxonomic group. Values have not been standardized against the maximum absolute value calculated across all ecosystems.  
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TABLE 3A1-2 
 

PARAMETERS AND ASSOCIATED STANDARDIZED METRICS, BIODIVERSITY INDICES AND  
ECOSYSTEM BIODIVERSITY POTENTIAL IN THE AQUATIC ECOLOGY LSA 

 
Maximum Absolute 

Value1,2 A2 B2 C2 D2 E2 
Sampling Effort       

Fish - minnow trap (trap hours) -- 1,284 197 370 5 0 
Fish - electro-fisher (seconds) -- 5,395 1,041 3,285 3,203 0 

Benthic Invertebrates (sample locations) -- 2 1 4 1 0 
       

Observed Species Richness (# Species)       
Fish - minnow trap  -- 0 0 1 1 -- 

Fish - electro-fisher -- 3 0 1 3 -- 
Benthic Invertebrates -- 27 11 32 38 -- 

       

SPECIES BIODIVERSITY INDEX       
Potential Species Richness (# Species)       

Fish - minnow trap 2 -- -- 0.50 1.00 -- 
Fish - electro-fisher 4 1.00 -- 0.25 0.75 -- 

Standardized, Weighted-mean3,4 4 1.00 -- 0.25 0.75 -- 
       

Observed Rare / Sensitive Species (# 
Species)5 

 
  

 
 

 

Fish - minnow trap 0 -- -- 0 0 -- 
Fish - electro-fisher 2 0.67 -- 0 0 -- 

Standardized, Weighted-mean3,4 1 1.00 -- 0 0 -- 
       

Unique Species (Mean Species Specialization Index)      
Fish - minnow trap 1.00 -- -- 1.00 1.00 -- 

Fish - electro-fisher 1.49 1.00 -- 0.67 0.84 -- 
Benthic Invertebrates 2.11 0.87 0.72 1.00 0.98 -- 

Standardized, Weighted-mean3,4 2.06 0.87 0.75 1.00 0.96 -- 
Species Biodiversity Index 0.96 0.38 0.42 0.55 -- 

       

ECOSYSTEM BIODIVERSITY INDEX       
Unique Ecosystems       
GF Class Diversity (Shannon Weaver Diversity Index)      
 2.34 0.90 0.79 0.93 1.00 -- 
       

Compositional Dissimilarity (Mean Bray-Curtis Dissimilarity Index)     
Fish - minnow trap 0 -- -- 0 0 -- 

Fish - electro-fisher 0.67 1.00 -- 0.90 0.70 -- 
Benthic Invertebrates 0.82 0.89 0.96 1.00 0.94 -- 

Standardized, Weighted-mean3,4 0.82 0.90 1.00 0.97 0.90 -- 
Ecosystem Biodiversity Index 0.90 0.90 0.95 0.95 -- 

      

Species Biodiversity Index 0.96 0.38 0.42 0.55 -- 
Ecosystem Biodiversity Index 0.90 0.90 0.95 0.95 -- 

Ecosystem Biodiversity Potential 0.93 0.64 0.68 0.76 -- 

Notes: 1 The maximum reported value for a metric among all assessed ecosystems for the specified taxonomic group or standardized, weighted-mean. 
Maximum Absolute Value is the value against which metrics for a specific taxonomic group, or the weighted-mean calculated across assessed 
taxonomic groups, is standardized. Refer to Section 3A.3.4 for further methods on the standardization of metrics. 

 2 Double hyphens “--" indicate that insufficient data was available for the calculation of the associated metric or index. 
 3 The weighted-mean is determined by calculating the sum of all absolute metric values (i.e., the standardized value multiplied by the maximum 

absolute value) multiplied by their respective weights (i.e., the number of species used in the calculation of the metric), then divided by the sum 
of the respective weights for all assessed taxonomic groups. Calculation of the weighted-mean mitigates the effects of a metric’s value 
attributed to variation associated with study design among surveys for each taxonomic group. 

 4 Standardized, weighted-means are determined relative to the maximum value calculated among all ecosystems assessed for the respective 
study area. This is conducted to mitigate effects of a metric’s relative scale magnitude on the calculation of subsequent biodiversity indices. 

 5 Observed Rare / Sensitive Species is expressed as a proportion of the Observed Species Richness according to the associated ecosystem 
and taxonomic group. Values have not been standardized against the maximum absolute value calculated across all ecosystems.  

  



 

TABLE 3A1-3 
 

PARAMETERS AND ASSOCIATED STANDARDIZED METRICS, BIODIVERSITY INDICES AND  
ECOSYSTEM BIODIVERSITY POTENTIAL IN THE TERRESTRIAL RSA 

 

Maximum 
Absolute 
Value1,2 

Forested Upland Non-forested Upland Wetland 
Cnf 

(Bl. Spr.)2 
Conif. 
(Pine)2 

Conif. 
(Wh. Spr.)2 Decid.2 Mixed.2 Sh. Burn2 Gr. Burn2 Gr. Wet.2 Sh. Wet.2 

Tr. Wet. 
(Bog)2 

Tr. Wet. 
(Fen)2 

Sampling Effort (# Sites)             
Mammals3 -- 10.50 0 34.00 6.25 5.60 0 0 0 1.55 0.45 4.65 

Breeding Songbirds -- 7 0 8 7 14 0 0 0 5 4 8 
Vascular Plants -- 13 1 20 10 22 0 0 5 6 16 13 

Nonvascular Plants -- 6 0 12 2 16 0 0 1 3 11 11 
             
Observed Species Richness (# Species)             

Mammals4 -- 8 -- 10 9 8 -- -- -- 5 4 9 
Breeding Songbirds -- 14 -- 12 13 22 -- -- -- 15 9 10 

Vascular Plants5 -- 100 (35) 20 (20) 118 (36) 89 (33) 107 (37) -- -- 66 (19) 68 (23) 62 (29) 98 (25) 
Nonvascular Plants -- 50 -- 84 18 89 -- -- 3 22 58 46 

             

SPECIES BIODIVERSITY INDEX             
Potential Species Richness (# Species)             

Breeding Songbirds 33 0.73 -- 0.67 0.64 1.00 -- -- -- 0.58 0.45 0.55 
Vascular Plants 192 0.84 -- 1.00 0.71 0.81 -- -- 0.64 0.61 0.49 0.78 

Nonvascular Plants 162 0.64 -- 0.98 -- 1.00 -- -- -- 0.27 0.69 0.46 
Standardized, Weighted-mean6.7 169 0.78 -- 1.00 0.72 0.86 -- -- 0.73 0.52 0.57 0.70 

             
Observed Rare / Sensitive Species (# Species)8            

Breeding Songbirds 5 0.07 -- 0.17 0.08 0.23 -- -- -- 0.07 0.11 0.10 
Vascular Plants 3 0.01 0 0.02 0.01 0.01 -- -- 0 0 0 0.03 

Nonvascular Plants 21 0.20 -- 0.25 0.17 0.16 -- -- 0 0.14 0.19 0.11 
Standardized, Weighted-mean6.7 25 0.62 0 1.00 0.35 0.79 -- -- 0 0.33 0.78 0.49 

             
Potential Rare / Sensitive Species (# Species)            

Vascular Plants 88 0.93 0.24 0.94 0.90 1.00 -- -- 0.81 0.83 0.28 0.32 
             

Unique Species (Mean Species Specialization Index)            
Mammals3 1.09 0.89 -- 1.00 1.00 0.98 -- -- -- 0.83 0.83 0.93 

Breeding Songbirds 2.84 0.69 -- 0.64 0.77 0.91 -- -- -- 1.00 0.78 0.68 
Vascular Plants 1.59 0.92 1.00 0.90 0.90 0.92 -- -- 0.90 0.88 0.86 0.97 

Nonvascular Plants 2.94 0.79 -- 1.00 0.79 0.96 -- -- 0.69 0.95 0.93 0.82 
Standardized, Weighted-mean5,6 -- 0.83 0.76 0.96 0.77 1.00 -- -- 0.70 0.88 0.96 0.85 

Species Biodiversity Index 0.79 0.33 0.98 0.69 0.91 -- -- 0.56 0.64 0.65 0.59 
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TABLE 3A1-3  Cont'd 

 

Maximum 
Absolute 
Value1,2 

Forested Upland Non-forested Upland Wetland 
Cnf 

(Bl. Spr.)2 
Conif. 
(Pine)2 

Conif. 
(Wh. Spr.)2 Decid.2 Mixed.2 Sh. Burn2 Gr. Burn2 Gr. Wet.2 Sh. Wet.2 

Tr. Wet. 
(Bog)2 

Tr. Wet. 
(Fen)2 

ECOSYSTEM BIODIVERSITY INDEX             
Potential Rare Ecosystems 
(# Rare Ecological Communities) 

 
     

  
    

Rare Ecological Communities 20 0.20 0.05 0.20 0.50 0.60 -- -- 1.00 0.70 0.35 0.20 
             

Unique Ecosystems (Mean Bray-Curtis Dissimilarity Index)            
Mammals4 0.82 0.77 -- 0.85 0.78 0.88 -- -- -- 0.88 1.00 0.74 

Breeding Songbirds 0.85 0.90  0.86 0.87 0.85 -- -- -- 0.97 0.93 1.00 
Vascular Plants 0.87 0.92 0.80 0.81 0.81 0.75 -- -- 0.98 0.92 1.00 0.89 

Nonvascular Plants 0.85 0.79 -- 0.84 0.95 0.86 -- -- 1.00 0.89 0.85 0.90 
Standardized, Weighted-mean6.7 0.86 0.83 0.81 0.82 0.84 0.82   1.00 0.91 0.90 0.89 

Ecosystem Biodiversity Index 0.52 0.43 0.51 0.67 0.71 -- -- 1.00 0.81 0.63 0.55 
            

Species Biodiversity Index 0.79 0.33 0.98 0.69 0.91 -- -- 0.56 0.64 0.65 0.59 
Ecosystem Biodiversity Index 0.52 0.43 0.51 0.67 0.71 -- -- 1.00 0.81 0.63 0.55 

Ecosystem Biodiversity Potential 0.65 0.38 0.74 0.68 0.81 -- -- 0.78 0.72 0.64 0.57 

Notes: 1 The maximum reported value for a metric among all assessed ecosystems for the specified taxonomic group or standardized, weighted-mean. Maximum Absolute Value is the value against which metrics for a specific 
taxonomic group, or the weighted-mean calculated across assessed taxonomic groups, is standardized. Refer to Section 3A.3.4 for further methods on the standardization of metrics. 

 2 Double hyphens “--" indicate that insufficient data was available for the calculation of the associated metric or index. 
 3 Sampling effort for the Winter Tracking Survey is reported as proportions of 500 m long transects 
 4 Results from field surveys and calculated metrics were determined according to observations of identifiable genera during the Winter Tracking Surveys in 2010 and 2011. 
 5 Observed Species Richness provided in brackets () indicates the number of characteristic species used defined as those species with a frequency of occurrence >70%, or with a prominence value >20%.  Refer to 

Section 3A.3.4 for detailed information. 
 6 The weighted-mean is determined by calculating the sum of all absolute metric values (i.e., the standardized value multiplied by the maximum absolute value) multiplied by their respective weights (i.e., the number of 

species used in the calculation of the metric), then divided by the sum of the respective weights for all assessed taxonomic groups. Calculation of the weighted-mean mitigates the effects of a metric’s value attributed to 
variation associated with study design among surveys for each taxonomic group. 

 7 Standardized, weighted-means are determined relative to the maximum value calculated among all ecosystems assessed for the respective study area. This is conducted to mitigate effects of a metric’s relative scale 
magnitude on the calculation of subsequent biodiversity indices. 

 8 Observed Rare / Sensitive Species is expressed as a proportion of the Observed Species Richness according to the associated ecosystem and taxonomic group. Values have not been standardized against the 
maximum absolute value calculated across all ecosystems.  
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TABLE 3A1-4 
 

PARAMETERS AND ASSOCIATED STANDARDIZED METRICS, BIODIVERSITY INDICES AND  
ECOSYSTEM BIODIVERSITY POTENTIAL IN THE AQUATIC ECOLOGY RSA 

 

Maximum 
Absolute 
Value1,2 Lentic2 Lotic2 

Sampling Effort (# Sites)    
Fish - minnow trap (trap hours) -- 355 1,501 
Fish - electro-fisher (seconds) -- 2,422 10,502 

Benthic Invertebrates (sample locations) -- 5 10 
    

Observed Species Richness (# Species)    
Fish - minnow trap -- 1 1 

Fish - electro-fisher -- 1 5 
Benthic Invertebrates -- 68 116 

    

SPECIES BIODIVERSITY INDEX    
Potential. Species Richness (# Species)    

Fish - minnow trap 1 1.00 1.00 
Fish - electro-fisher 8 0.13 1.00 

Benthic Invertebrates 144 0.64 1.00 
Standardized, Weighted-mean3,4 137 0.66 1.00 

    

Observed Rare / Sensitive Species (# Species)5    
Fish - minnow trap 0 0 0 

Fish - electro-fisher 2 0 0.40 
Standardized, Weighted-mean3,4 1 0 1.00 

    

Unique Species (Mean Species Specialization Index)    
Fish - minnow trap 0 1.00 1.00 

Fish - electro-fisher 1.00 0 1.00 
Benthic Invertebrates 0.62 0.55 1.00 

Standardized, Weighted-mean3,4 0.63 0.52 1.00 
Species Biodiversity Index 0.39 1.00 

    

Species Biodiversity Index 0.39 1.00 
Ecosystem Biodiversity Index -- -- 

Ecosystem Biodiversity Potential 0.39 1.00 

Notes: 1 The maximum reported value for a metric among all assessed ecosystems for the specified taxonomic group or standardized, weighted-mean. 
Maximum Absolute Value is the value against which metrics for a specific taxonomic group, or the weighted-mean calculated across assessed 
taxonomic groups, is standardized. Refer to Section 3A.3.4 for further methods on the standardization of metrics. 

 2 Double hyphens “--" indicate that insufficient data was available for the calculation of the associated metric or index. 
 3 The weighted-mean is determined by calculating the sum of all absolute metric values (i.e., the standardized value multiplied by the maximum 

absolute value) multiplied by their respective weights (i.e., the number of species used in the calculation of the metric), then divided by the sum 
of the respective weights for all assessed taxonomic groups. Calculation of the weighted-mean mitigates the effects of a metric’s value 
attributed to variation associated with study design among surveys for each taxonomic group. 

 4 Standardized, weighted-means are determined relative to the maximum value calculated among all ecosystems assessed for the respective 
study area. This is conducted to mitigate effects of a metric’s relative scale magnitude on the calculation of subsequent biodiversity indices. 

 5 Observed Rare / Sensitive Species is expressed as a proportion of the Observed Species Richness according to the associated ecosystem 
and taxonomic group. Values have not been standardized against the maximum absolute value calculated across all ecosystems.  
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ATTACHMENT 3A2 
 

ECOSYSTEM BIODIVERSITY POTENTIAL 
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TABLE 3A2-1 
 

ECOSYSTEM BIODIVERSITY POTENTIAL ACCORDING TO ECOLOGICAL LAND CLASSIFICATION 
FOR TERRESTRIAL RESOURCES WITHIN THE TERRESTRIAL LSA 

Habitat Type 
Ecological Land 

Classification 

Ecosystem 
Biodiversity 

Potential 

Ecosystem 
Biodiversity 

Potential Rank 
Forested Upland b3 0.58 Moderate 

c1 0.42 Low 
d1 0.49 Low 
d2 0.67 Moderate 
d3 0.56 Moderate 
e1 0.55 Moderate 
e2 0.76 High 
e3 0.79 High 
f1 0.57 Moderate 
f2 0.52 Low 
f3 0.70 High 

g1 0.52 Low 
h1 0.68 High 

Non-forested Upland Meadow 0.59 Moderate 
Regenerating Burn 0.31 Low 

Wetland i1 0.61 Moderate 
i2 0.51 Low 
j1 0.65 Moderate 
j2 0.61 Moderate 
k1 0.69 High 
k2 0.75 High 
k3 0.55 Moderate 
l1 0.65 Moderate 

Shrubby Wetland 0.54 Moderate 
Disturbance - Vegetated Regenerating Cutblock Unrankable 

Cutblock Unrankable 
Disturbance - Non-vegetated Anthropogenic Unrankable 

 25th Percentile1 0.54 -- 
 75th Percentile2 0.67 -- 

Notes: 1 Marks the upper limit defining the rank of Low Ecosystem Biodiversity Potential. 
 2 Marks the upper and lower limits defining the ranks of Moderate Ecosystem Biodiversity Potential. High Ecosystem Biodiversity Potential is 

regarded as any value greater than the 75th percentile. 
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TABLE 3A2-2 
 

ECOSYSTEM BIODIVERSITY POTENTIAL ACCORDING TO DRAINAGE BASIN FOR AQUATIC 
RESOURCES WITHIN THE AQUATIC ECOLOGY LSA 

Drainage Basin 

Ecosystem 
Biodiversity 

Potential 

Ecosystem 
Biodiversity 

Potential Rank 
A 0.93 High 
B 0.64 Low 
C 0.68 Moderate 
D 0.76 Moderate 
E Unrankable 

25th Percentile1 0.67 -- 
75th Percentile2 0.80 -- 

Notes: 1 Marks the upper limit defining the rank of Low Ecosystem Biodiversity Potential. 
 2 Marks the upper and lower limits defining the ranks of Moderate Ecosystem Biodiversity Potential. High Ecosystem Biodiversity Potential is 

regarded as any value greater than the 75th percentile. 
 

TABLE 3A2-3 
 

ECOSYSTEM BIODIVERSITY POTENTIAL ACCORDING TO LAND COVER CLASSIFICATION FOR 
TERRESTRIAL RESOURCES WITHIN THE TERRERSTRIAL RSA 

Habitat Type Land Cover Class 

Ecosystem 
Biodiversity 

Potential 

Ecosystem 
Biodiversity 

Potential Rank 
Forested Upland Cnf. (Bl. Spr.) 0.65 Moderate 

Cnf. (Pine) 0.38 Low 
Cnf. (Wh. Spr.) 0.74 Moderate 

Decid. 0.68 Moderate 
Mixed. 0.81 High 

Non-forested Upland Sh. Burn. Unrankable 
Gr. Burn. Unrankable 

Wetland Gr. Wet. 0.78 High 
Sh. Wet. 0.72 Moderate 

Tr. Wet. (Bog) 0.64 Low 
Tr. Wet. (Fen) 0.57 Low 

Disturbance – Vegetated Sh. Upl. Unrankable 
Gr. Upl. Unrankable 

Disturbance – Non-vegetated Anth. Unrankable 
 25th Percentile1 0.64 -- 
 75th Percentile2 0.74 -- 

Notes: 1 Marks the upper limit defining the rank of Low Ecosystem Biodiversity Potential. 
 2 Marks the upper and lower limits defining the ranks of Moderate Ecosystem Biodiversity Potential. High Ecosystem Biodiversity Potential is 

regarded as any value greater than the 75th percentile. 
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ATTACHMENT 3A3 
 

DATA FOR CALCULATION OF LANDSCAPE BIODIVERSITY POTENTIAL 
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Figure 3A3-1 Distribution of Standardized Patch Area (logarithm-transformed Patch Area) 

According to Ecological Land Classification for Patches within the Terrestrial LSA 
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Ecological Land Classification

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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Figure 3A3-2 Distribution of Standardized Patch Neighbourhood Similarity (logarithm-transformed 
Similarity Index) According to Ecological Land Classification for Patches within the 
Terrestrial LSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively.  
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Figure 3A3-3 Distribution of Standardized Natural Edge (complementary Edge Contrast Index) 
According to Ecological Land Classification for Patches within the Terrestrial LSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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Figure 3A3-4 Distribution of the Standardized Complementary Richness Index According to 
Ecological Land Classification within the Terrestrial LSA 
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Figure 3A3-5 Distribution of the Standardized Shape Distribution Index Calculated According to 
Ecological Land Classification within the Terrestrial LSA 
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Figure 3A3-6 Distribution of Standardized Patch Area (logarithm-transformed Patch Area) 
According to Land Cover Classification for Patches within the Terrestrial RSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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Figure 3A3-7 Distribution of Standardized Patch Neighbourhood Similarity According to Land Cover 
Classification for Patches within the Terrestrial RSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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Figure 3A3-8 Distribution of standardized Natural Edge (Edge Contrast Index) According to Land 
Cover Classification for Patches within the Terrestrial RSA 

Note: Box limits represent the upper and lower quartiles while lower and upper error bars represent the 5th 
and 95th percentiles, respectively. 
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Figure 3A3-9 Distribution of Standardized Complementary Richness Index According to Land Cover 
Classification within the Terrestrial RSA 
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Figure 3A3-10 Distribution of the Shape Distribution Index Calculated According to Land Cover 
Classification within the Terrestrial RSA 
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4.0 TERRAIN AND SOILS 

4.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is submitting an Integrated Application to the Alberta Energy 
Resources Conservation Board (ERCB) and Alberta Environment and Water (AEW) for approval to 
construct, operate and reclaim an in-situ steam assisted gravity drainage (SAGD) bitumen recovery 
project. A comprehensive Environmental Impact Assessment (EIA) has been prepared as part of the 
Integrated Application. This section addresses terrain and soils resources and was prepared by Paragon 
Soil and Environmental Consulting Inc. 

The proposed Blackrod Commercial SAGD Project (the Project) is located on Crown land east of the 
Athabasca River in Townships 76 and 77, Ranges 17 and 18, West of the Fourth Meridian (W4M), 
approximately 50 km northwest of the Hamlet of Wandering River, Alberta (Figure 4.1-1). The Project is 
expected to be developed in three phases over an estimated 30 year period with the initial phase 
producing 20,000 barrels per day (bbl/d) of crude bitumen and the subsequent phases producing 
30,000 bbl/d each, for a final production capacity of 80,000 bbl/d (see Figure 4.3-1). The proposed 
development will have a central processing facility (CPF) and is expected to have up to 69 well pads over 
the life of the Project. The Project is accessible from Highway 63 using an existing access road. 

4.2 Terms of Reference 

This Terrain and Soils Assessment was conducted according to the final Project Terms of Reference 
(TOR) issued by AEW (AEW 2012). The complete Project TOR Concordance Table is provided in Volume 
1. The specific requirements for terrain and soils are provided in Table 4.2-1 below. Most of the items in 
Table 4.2-1 below are addressed within the terrain and soils section; however, the environmental effects 
of proposed drilling methods on the bedrock geology are covered in the Drilling and Completion Section 
(Volume 1, Section 5.0). 

TABLE 4.2-1 
 

TERMS OF REFERENCE 

3.9.1 Baseline Information  
 
[A]  Describe and map the terrain and soils conditions in the Project Area.   
[B]  Describe and map soil types in the areas athat are predicted in 3.1.2[A]d) to exceed Potential Acid Input (PAI ) critical loading criteria. 
3.9.2 Impact Assessment  
 
[A]  Describe Project acitivites and other related issues that could affect soil quality (e.g., compaction , contaminants) and: 

 a)  indicated the amount (ha) of surface disturbance from plant, field (pads, pipelines, access roads), aggregate and borrow sites, construction camps, 
drilling waste disposal and other infrastructure-related construction activities; 

 b)   discuss the relevance of any changes for the local and regional landscapes, biodiversity, productivity, ecological integrity, aesthetics and future use 
resulting from disturbance for all stages of the Project; 

c)   identify the potential acidification impact on soils and discuss the significance of predicted impacts by acidifying emissions resulting from the Project; 
and 

d)   describe potential sources of soil contamination. 
 [B]  Discuss:  

a)  the environmental effects of proposed drilling methods on the landscape and surfical and bedrock geology;  
b)  the potential for changes in the ground surface during steaming and recovery operations (e.g., ground heave and/or subsidence) and their 

environmental implications; and  
c)  the potential impacts caused by the mulching and storage of woody debris considering, but not limited to fire, degradation of soil quality, increased 

footprint, etc.   
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4.3 Assessment Approach 

4.3.1 Objectives 

The three main objectives of the Terrain and Soils Assessment are to:  

1. describe the existing terrain and soils resources (Baseline Case) in the local and regional study 
areas; 

2. predict and assess potential effects of the Project on terrain and soils resources taking into 
consideration proposed mitigation measures to reduce or avoid potential effects of the Project; and,  

3. assess cumulative effects considering existing activities, the Project and known future developments 
in the region. 

 
Baseline studies to collect information on existing terrain and soils conditions were conducted in 2010 and 
2011. The results of these studies and a review of existing local and regional information are provided in 
Appendix 4A (Baseline Report). The Terrain and Soils Assessment uses the baseline information 
collected and the Project description to: 

• identify relevant terrain and soils indicators; 

• develop appropriate technically and economically feasible mitigation; and 

• identify and evaluate residual cumulative effects associated with each terrain and soils indicator, 
including a determination of significance of potential residual effects after taking into consideration 
proposed mitigation. 

4.3.2 Spatial Boundaries 

The spatial boundaries considered for the terrain and soils assessment include the: 

• Project Area;  

• Soils Local Study Area (Soils LSA); and  

• Soils Regional Study Area (Soils RSA).  

4.3.2.1 Project Area 

The Project Area is the area directly disturbed by Project activities (Figure 4.3-1). As currently planned, 
the Project Area is approximately 966 ha and includes all facilities and infrastructure associated with the 
Project. The Project Area includes the CPF, well pads, multi-use corridor (pipelines, access road, 
transmission line), borrow pits, construction camp, sump sites and log decks. The area of anticipated 
direct soil disturbance is approximately 960 ha, as soil within log deck areas will not be disturbed. 

4.3.2.2 Local Study Area 

The Soils LSA considers the Project effects on terrain and soil resources on a local scale. The boundaries 
of the Soils LSA are based on the Project Area including a 450 m buffer. A 450 m buffer was established 
to allow for some flexibility with final siting of Project infrastructure and other activities associated with the 
Project, and to match with vegetation LSA. The direct effects on terrain and soil are largely limited to the 
Project Area, although, as with wetlands, Organic soils could be affected by changes to local hydrology 
and topography. The Soils LSA is approximately 6,136 ha (Figure 4.3-1). 
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4.3.2.1 Regional Study Area 

The Soils RSA was developed to evaluate the potential cumulative effects of the Project (e.g., the 
potential for soil acidification). The Soils RSA selected for this Project consists of a 5 km buffer 
surrounding the Soils LSA, which covers an area of 26,168 ha. The 5 km buffer was determined based on 
review of previous SAGD assessments in the vicinity (Millennium EMS Solutions Ltd. 2010) and 
discussion with AEW. The Soils RSA is located within portions of Townships 75, 76, 77 and 78, Ranges 
17 and 18, W4M (Figure 4.3-2). 

4.3.3 Temporal Boundaries 

The temporal boundary for the Terrain and Soils Assessment was defined by the life span of the Project, 
which includes the construction, operations and decommissioning and reclamation phases. The Project 
will be constructed and operated in a series of phases. However, the effects assessment considers either 
that the entire Project is undeveloped, developed or reclaimed. This results in a conservative evaluation 
so that effects are not underestimated. Construction is scheduled to commence in 2013 and operations in 
2015. The expected life of the Project (i.e., operations phase) is 30 years. Based on this scenario, the 
operational phase of the Project would extend from 2015 to 2045 with final reclamation estimated to be 
complete by 2050. Further details regarding Project scheduling and timing are provided in Volume 1, 
Section 1.6. 

Existing conditions described in the Baseline Case are used as the basis of comparison for the 
assessment of the Application Case and Planned Development Case (PDC).  

4.3.3.1 Baseline Case 

The temporal scope of the Baseline Case is defined as the current conditions including existing 
anthropogenic disturbance (e.g., transportation, oil and gas exploration and development) as of February 
2012. Resource delineation disturbances for the Project (e.g., Pilot Project, Oil Sands Exploration (OSE) 
wells, access) completed or approved as of February 2012 are included in the Baseline Case. The 
Baseline Case represents terrain and soils conditions prior to the development of the Project. 

4.3.3.2 Application Case 

Project effects are assessed by comparing the Application Case to the Baseline Case. The assessment 
period for the Application Case includes construction, operation, and decommissioning and reclamation 
phases for the Project. Although the Project will be constructed and operated in a series of phases, the 
Application Case was assessed as a maximum disturbance scenario that assumes all phases of the 
Project are constructed and operational at the same time. This approach results in a conservative 
evaluation of effects. The Application Case represents terrain and soils conditions as a result of the 
Project, through all Project phases. The Application Case includes the baseline conditions.  

4.3.3.3 Planned Development Case 

Cumulative effects of existing disturbances and activities, the Project and known future developments are 
assessed by comparing the PDC to the Baseline Case. The assessment period for the PDC includes the 
construction, operation, decommissioning and reclamation phases for the Project (as in the Application 
Case), as well as equivalent project phases of existing projects and known future developments, (publicly 
disclosed as of February 2012) (refer to inclusion list in Volume 2, Section 1.0). Since the PDC includes 
developments that have not yet received approval, the scope and size of future developments are 
expected to change. The PDC assessment is considered conservative since the identified future 
developments may or may not proceed. A PDC assessment is only completed for an indicator when the 
Application Case assessment indicates the effect is likely to occur.  

There are no known plans for future developments within the Soils LSA or Soils RSA over the life of the 
Project that will physically disturb the terrain or soils resources. Forestry cutblocks are not considered soil 
disturbances. The assessment relating to direct (physical) effects on terrain and soils will, therefore, be 
limited to the Application Case. For indirect effects (e.g., the potential for soil acidification due to Potential 
Acid Input [PAI]), the PDC is considered.  
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4.3.4 Issues 

The Project, as well as existing and known future developments and activities may act in combination to 
have direct or indirect effects on terrain and soils. An inclusion list of the existing activities and known 
future developments considered within each assessment case is provided in Volume 2, Section 1.0. In 
determining the key issues for the Terrain and Soils Assessment, the Project TOR (AEW 2012) was 
reviewed, as well as several recently completed EIAs (Canadian Natural Resources Ltd. 2011 and 2012, 
Cenovus Energy TL ULC 2011, Japan Canada Oil Sands Limited 2010, MEG Energy Corp. 2008).  

The potential for direct environmental effects on terrain and soils is greatest during the construction and 
decommissioning phases, as direct physical disturbance is most likely during this timeframe. Project 
construction activities including site grading, construction of the camp, CPF, multi-use corridors, well 
pads, sumps and borrow pits have the potential to interact with the terrain and soils resource, as do 
accidents or malfunctions including chemical spills or leaks. Reclamation activities including re-contouring 
and soil replacement during the decommissioning phase will also interact with the terrain and soils 
resource. Direct Project effects include potential loss of terrain and soil types as well as changes to soil 
quality due to alterations in physical and chemical soil characteristics. Indirect Project effects, such as soil 
acidification due to Project emissions, are most likely during the operations phase. 

The following subsections discuss each of these issues in more detail.  

4.3.4.1 Terrain Diversity 

Disturbance related to construction and reclamation activities will result in alteration of terrain types 
(parent materials) and topography (slope characteristics) within the Project Area. Terrain diversity can be 
defined as the number of terrain types present within an area. Diverse terrain types have a tendency to 
support a diversity of soil types as well as diverse vegetation communities.  

During Project construction, a number of terrain types in the Project Area will be disturbed. Upon 
reclamation, pre-disturbance terrain types will be replaced by reclaimed terrain. While landscape function 
and drainage patterns will largely be restored upon reclamation, the spatial arrangements of pre-
disturbance terrain types will not. 

Site preparation (e.g., site grading) during the construction phase will result in the ground surface being 
leveled. The baseline topography of the Soils LSA is level to nearly level, with some gentle slopes of up to 
5% also present. The northern portion of the Soils LSA has two incised valleys, occupying approximately 
1% of the Soils LSA, where slope classes range from 4-8 (See Appendix 4A, Section 4.A.3.2). 
Construction on steep slopes may result in slope instability, and without proper water management on 
steep slopes, slumping may occur. Additionally, steam heave associated with the operations phase has 
the potential to alter topography. 

As a result of initial screening, the assessment of Project effects on terrain diversity will be focused on 
loss or alteration of terrain (parent material) types. Rationale for not including the potential effect on 
topography due to grading and steam heave is provided below. 

Change in Topography - Grading 
While topography will be leveled as necessary for construction, during the decommissioning and 
reclamation phase the area will be re-contoured to blend in with surrounding areas. In addition, 
construction activities can be avoided or managed in areas of potential slope instability through the use of 
geotechnical assessments as a best management practice. Consequently, the effect of the Project on 
topography due to direct disturbance is not carried forward in the assessment. 

Change in Topography - Ground Heave or Subsidence 
The potential for changes in the ground surface during operations (e.g., ground heave and/or subsidence) 
was initially considered (See Volume 1, sec 4.10.4). As outlined in Volume 1, sec 4.10.4, the potential 
environmental effects are expected to be indiscernible since the actual changes will be indiscernible as 
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they occur. Consequently, the effect of the Project on topography due to ground heave or subsidence is 
not carried forward in the assessment. 

4.3.4.2 Soil Quality 

Disturbance related to Project construction and reclamation activities may alter soil quality through 
erosion, compaction, contamination and admixing which may affect structure, texture and nutrient status. 
Changes to the landscape, drainage patterns and water table may alter soil moisture regime. In 
combination, changes in land capability may result. Changes in land capability may lead to decreased 
productivity; soils may be unable to support vegetation communities that they supported prior to Project 
construction. The assessment on soil quality will qualitatively consider potential Project effects of erosion, 
compaction, admixing and contamination as well as proposed mitigation measures. The focus of the 
assessment, however, will be on quantitatively comparing the potential changes in land capability 
classification ratings due to changes in soil quality and soil moisture.  

4.3.4.3 Soil Diversity 

Disturbance related to construction and reclamation activities will result in alteration of soil types within 
the Project Area. Soil diversity, or the number of soils types present within an area, has the potential to 
affect biodiversity. Different soil types support different vegetation communities, which in turn support 
different wildlife communities. Upon reclamation, natural soils will be replaced by reclaimed soils. While 
soil function (supporting vegetation and soil micro and macro-organisms) will be returned, spatial 
arrangement of individual soil series or soil types will be altered. The assessment on soil diversity will be 
focused on loss or alteration of soil map unit types. 

4.3.4.4 Soil Acidification 

Soil acidification is an issue associated with the Project, primarily resulting during the operations phase 
when potentially acidifying emissions are produced. Soil acidification can affect soil quality and capability 
which may in turn affect the health of vegetation communities. The operation of other projects in the 
vicinity of the Soils LSA and RSA as well as known future developments have the potential to contribute 
to the total cumulative Potential Acid Input (PAI), which can increase the potential for soil acidification. 
Soils affected by acidification may have decreased productivity and may be unable to support vegetation 
communities that they supported prior to receiving acid inputs. The assessment of soil acidification will 
determine the existing area of soils at or above critical loads, and compare these results to the effect with 
the Project and also consider known future developments as part of the PDC. 

4.3.5 Indicator Selection 

The indicators used to assess each of the Project effects on terrain and soils are outlined in Table 4.3-1 
below. 

TABLE 4.3-1 
 

TERRAIN AND SOILS INDICATORS 

Issue Indicator Rationale 
Terrain Diversity Number of terrain types (parent 

materials) and extent  
Original terrain types (parent materials) will be disturbed within the Project 
Area and will be replaced with reclaimed soils of anthropogenic origin  

Soil Quality Land Capability Class and extent Project related physical disturbance may affect soil quality through erosion, 
compaction, admixing, contamination, changes in landscape and moisture 
regimes, which ultimately may alter the land capability classification 

Soil Diversity Number of soil types (soil map units) and 
extent  

Natural soil types will be disturbed within the Project Area and will be 
replaced with reclaimed soils  

Soil Acidification The extent of soil types where the critical 
load has been exceeded 

Acidifying emissions can alter soil chemistry, thereby affecting soil quality. 
Soil acidification may ultimately inhibit the ability of the soil to support pre-
project vegetation communities  
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4.3.6 Assessment Criteria 

The criteria used to assess residual effects on terrain and soils (Table 4.3-2) are adapted from the 
general criteria (Volume 2, Section 1.0) to reflect the issues and effects assessment methods specific to 
terrain and soils. Residual effects were assessed quantitatively wherever feasible (e.g., area of soil unit 
disturbance, area of critical load exceedance). Qualitative assessments and professional judgment were 
incorporated where appropriate. 

TABLE 4.3-2 
 

RESIDUAL EFFECTS ASSESSMENT CRITERIA 

Assessment Criteria Definition 1 

IMPACT BALANCE – of the residual effect 
Positive A positive effect balance is considered to have a net benefit to terrain and soil conditions.  
Neutral A neutral balance is defined as no net benefit or loss to terrain and soil conditions.  
Negative A negative effect balance is considered to be a net loss or detriment to terrain and soil conditions. 
SPATIAL BOUNDARY 
Project Area The residual effect is confined to the area directly disturbed by Project activities. The Project Area is also referred to as 

the Project Footprint. 
Soils LSA The residual effect extends beyond the area of direct disturbance (Project Area) but is limited to the Soils LSA. The Soils 

LSA includes the Project Area as well as the surrounding 450 m area where there is a reasonable potential for Project-
specific effects to occur.  

Soils RSA The residual effect extends beyond the Soils LSA but is limited to the Soils RSA. The Soils RSA includes the Project Area, 
Soils LSA and surrounding 5 km area where there is potential for cumulative and/or wider-spread Project effects.  

Province The residual effect extends beyond the Soils RSA, but is confined to Alberta. 
National The residual effect extends beyond the province but is confined to Canada. 
International The residual effect extends beyond Canada. 
TEMPORAL CONTEXT 
Duration 1 -  
the length of time 
over which the 
residual effect 
extends, 
including the 
time required for 
the residual 
effect to be 
reversed 

Short-term The residual effect persists less than or equal to one year beyond the decommissioning and reclamation phase. 

Medium-term The residual effect is persists longer than one year beyond the decommissioning and reclamation phase but less than or 
equal to ten years. 

Long-term The residual effect is longer than 10 years beyond the decommissioning and reclamation phase. 

Frequency 2 
How often the 
residual effect is 
predicted to 
occur 

Accidental The residual effect occurs rarely over assessment period. 
Isolated The residual effect is confined to specified phase of the assessment period (e.g., construction phase). 
Occasional The residual effect occurs intermittently and sporadically over assessment period. 
Periodic The residual effect occurs intermittently but repeatedly over the assessment period. 
Continuous The residual effect occurs continually over the assessment period. 

Reversibility 3 – 
ability of the 
indicator to 
recover from The 
residual effect 

Reversible The residual effect is predicted to be reversible. 
Permanent The residual effect is predicted to be irreversible. 

MAGNITUDE4 –the severity or scale of the residual effect 
Negligible Potential residual effects on terrain and soils are not detectable. 
Low Potential residual effects are detectable, but well within environmental, social and/or regulatory standards. The Project will 

alter terrain and soil properties but will have no measurable effect on soil quality. The Project will disturb less than 15% of 
any terrain type, soil map unit, or land capability class and will not reduce soil diversity within the Soils LSA. Less than 100 
km2 within any 4x4 township floating block will have the mid-CV case critical load exceeded due to PAI6. 

Medium Potential residual effects are detectable and may approach, but are still within the environmental, social and/or regulatory 
standards. The Project will alter terrain and soil properties but will have no measurable effect on soil quality. The Project 
will disturb greater than 15% but less than 25% of any terrain type, soil map unit or land capability class, and will not 
reduce soil diversity within the Soils LSA. Greater than 100 km2 within any 4x4 township floating block will have the mid-
CV case critical load exceeded due to PAI6, but the area is less than 5% of a 1 degree latitude by 1 degree longitude 
block (the provincial management unit). 
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TABLE 4.3-2  Cont’d 

Assessment Criteria Definition 1 

High Potential residual effects are beyond environmental, social and/or regulatory standards. The Project will alter terrain and 
soil properties and will have a measurable effect on soil quality. The Project will disturb greater than 25% of any terrain 
type or soil map unit, and may reduce soil diversity in the Soils LSA. Greater than 100 km2 within any 4x4 township 
floating block will have the mid-CV case critical load exceeded due to PAI6, and greater than 5% of a 1 degree latitude by 
1 degree longitude block (the provincial management unit) will have the mid-CV case critical load exceeded due to PAI. 

PROBABILITY OF OCCURRENCE - likelihood of the residual effect 
High Likely 
Low Unlikely 
LEVEL OF CONFIDENCE5 - degree of certainty related to significance evaluation 
Low Determination of significance based on incomplete understanding of cause-effect relationships and incomplete data 

pertinent to the study area. 
Moderate Determination of significance based on good understanding of cause-effect relationships using data from outside the 

Project area or incompletely understood cause-effect relationships using data pertinent to the study area. 
High Determination of significance based on good understanding of cause-effect relationships and data pertinent to the study 

area. 
SIGNIFICANCE – of the residual effect 
Significant Where a residual Project effect in combination with baseline conditions (Application Case) and known future 

developments (Planned Development Case) is predicted to exceed established guidelines, thresholds or criteria and has 
a high magnitude (defined above) and the effect is irreversible and likely to occur, it is considered to be significant; 
otherwise, the residual effects are considered to be not significant.  

Not Significant 

Notes: 1 The Duration includes the time over which the residual effect extends (including the event causing the residual effect) and the time it takes for 
the residual effect to be reversed (see Note 4).   

 2 The assessment period for the Application Case and PDC includes planning, construction, operation, decommissioning and reclamation 
phases for the Project as well as equivalent project phases of activities that have previously occurred (Application Case and PDC) and those 
that are planned or publicly disclosed (PDC).  

 3 Reversibility of the residual effect is not necessarily a return to baseline conditions (e.g., pre-disturbance land capability class) for all indicators. 
For example, residual effects on some indicators are considered to be reversed when soil has been reclaimed and moisture regime returned 
such that trajectories have been established that will return sites to pre-disturbance land capability class or target end land use.  

 4 There are no environmental standards, thresholds, guidelines or objectives for many of the indicators and construction/operation issues 
evaluated. Therefore, the determination of magnitude of the adverse residual effect often entailed a historical consideration of the assessment 
of magnitude made by regulators, land authorities, lessees, other stakeholders and the assessment team. The assessment team was also 
aware of the increasingly stringent societal norms related to environmental effects. 

 5 Level of confidence was affected by availability of data, precedence, and degree of scientific uncertainty or other factors beyond the control of 
the assessment team. 

 6 According to Cumulative Environmental Management Association [CEMA] (2004), an area of less than 100 km2 within any 4x4 township 
floating block that has the mid-CV case critical load exceeded due to PAI would not trigger emissions management beyond Best Available 
Demonstrated Technology.  

 

4.3.6.1 Significance Determination 

All assessment criteria outlined in Table 4.3-2 were considered for each residual effect. Where 
appropriate, the key or most influential assessment criteria used to determine the significance of each 
residual effect are noted (e.g., magnitude, duration, probability of occurrence of the effect). The 
significance determinations incorporate professional judgment, which allows integration of all of the 
effects criteria ratings to provide relevant significance conclusions that are sensitive to context and 
facilitate decision-making (Lawrence 2007).  

Where a residual Project effect within the Application Case or PDC is predicted to have a high magnitude 
(defined in Table 4.3-2 above) following mitigation/reclamation and the effect is irreversible and likely to 
occur, it is considered to be significant; otherwise, the residual Project effect is considered to be not 
significant.  

4.4 Methods 

In order to meet the objective of predicting and assessing the potential effects of the Project on the terrain 
and soils resource, the baseline conditions in the Soils LSA and RSA were first determined. A summary 
of the baseline methods are provided below; detailed methodology is presented in Appendix 4A.  
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Baseline conditions were determined through: 

1. Literature/historical data review 

2. Field investigations and laboratory analyses 

3. Mapping 

4. Data analysis and determination of soil ratings, including Land Capability Classification for Forest 
Ecosystems in the Oil Sands Region, reclamation suitability, wind and water erosion risk, compaction 
risk and soil sensitivity to acidification. 

 
Baseline field investigations to collect information on existing terrain and soils resources were conducted 
for the Project in the Soils LSA from October 19 to 27, 2010 and from July 4 to 12, 2011; Soils RSA 
survey work was carried out from August 24 to 25, 2011. All fieldwork was completed by experienced soil 
specialists. A total of 330 soil sites were inspected within the Soils LSA, resulting in a sampling intensity 
of 1 inspection per 18.6 ha (Survey Intensity Level [SIL] 2). An additional 163 inspections were completed 
within the Soils RSA; the resulting density of 1 inspection per 161 ha meets SIL3 requirements. Detailed 
inspection site and profile descriptions are provided in Attachment 4A1, Table 4A1-2 in the Terrain and 
Soils Baseline Appendix (Volume 4, Appendix 4A).  

Soil samples were collected from each horizon for all mappable soil units in the Soils LSA as required for 
soil surveys of SIL2 (Expert Committee on Soil Survey 1987). Soil specialists sampled soil profiles that 
appeared to be locally representative of that soil series. Samples were sent to Maxxam Analytics in 
Edmonton, an accredited lab, for analysis. Samples were packaged and handled according to standard 
lab quality assurance and quality control (QA/QC) protocols. 

In order to create a soil map, stereo aerial photographs were used in combination with site data collected 
in the field to delineate relatively homogenous baseline terrain and soil units (polygons). Polygons were 
delineated based on surficial material, surface expression, slope and drainage. The polygons were 
subsequently digitized into an ArcGIS digital environment and were linked to a database with soil and 
terrain attributes. Hydrography and existing disturbance polygons were intersected into the soils map. 
The resulting polygons were used to determine terrain and soil unit spatial extents. 

For each soil map unit in the Soils LSA, the following soil ratings were determined: 

• The Land Capability Classification rating for each of the soil units was determined using the Land 
Capability Classification System for Forest Ecosystems manual (LCCS) (CEMA 2006).  

• Physical and chemical properties of undisturbed soils were used to evaluate reclamation suitability of 
each mineral soil unit within the Soils LSA using the criteria outlined in Soil Quality Criteria Relative to 
Disturbance and Reclamation (Alberta Agriculture Food and Rural Development [AAFRD] 2004).  

• Each soil unit mapped within the Soils LSA and RSA was assigned a critical load for acid deposition 
based on the critical load presented in Abboud et al. (2002). The critical load was correlated with an 
acid sensitivity rating of “high”, “moderate” or “low” as outlined in AENV 2008. 

• Wind erosion risk ratings for each mapped soil series were assigned based on typical topsoil texture 
for each map unit (Coote and Pettapiece 1989).  

• Water erosion risk ratings for soils in the Soils LSA were estimated using the Revised Universal Soil 
Loss Equation for Application in Canada (RUSLEFAC) as described in Wall et al. (2002) and the 
typical soil texture of each map unit. 

• The risk of compaction for each map unit was estimated using the soil drainage regime in 
combination with the typical soil texture. 

For the Application Case and the PDC, the four main Project effects identified in Section 4.3.4 (terrain 
diversity, soil quality, soil diversity and soil acidification) were assessed according to the approach 
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outlined in Section 4.3. The specific methods for each of the four main terrain and soils issues associated 
with the Project are provided below. 

• Terrain diversity – the potential Project effect on terrain diversity was assessed by comparing the 
area of each terrain type (parent material) in the Soils LSA for the Baseline Case and Application 
Case (construction, operations and decommissioning phases). Terrain types were viewed as altered 
or lost within the Project area as a result of Project disturbance, as once disturbed, the material types 
would be classified as anthropogenic or reclaimed and not of the pre-disturbance origin.  

• Soil quality – the potential Project effects on soil quality were assessed quantitatively by comparing 
the area of each land capability class at Baseline Case and Application Case (construction, 
operations and decommissioning phases). Soil within the Project Area is assumed to have a land 
capability classification rating of 5 during construction and operations. As outlined in the Conservation 
and Reclamation (C&R) Plan (Volume 1, Section 11.0), upland mineral terrain types will generally be 
reclaimed to upland reclaimed landscapes, with the exception of borrow pit centers. Approximately 
25% of each upland borrow will be reclaimed to wetland or transitional soil types in the resulting 
depression. A portion of the Organic terrain affected by the Project (e.g., well pads and access roads 
constructed on deep peat) will not be reclaimed to wetland or Organic types, but instead will be 
reclaimed to upland ‘islands’ containing portions of upland, transitional and Organic soil types. The 
resulting changes in land capability were assessed. 

• Soil diversity – the potential Project effect on soil diversity was assessed by comparing the area of 
each soil map unit type in Soils LSA at Baseline Case and Application Case (construction, operations 
and decommissioning phases). Soil types were viewed as altered or lost within the Project area as a 
result of Project disturbance. Upon reclamation, soil types are classified as reclaimed, not the 
baseline natural soil type.  

• Soil acidification – the potential Project effect on soil acidification was determined using a 
combination of the Soils LSA and RSA soils maps along with the modeled critical loads from Abboud 
et al. (2002) (shown in Figure 4A-11 and 4A-16 and in Tables 4A-15 and 4A-20 of the Terrain and 
Soils Baseline Appendix, Appendix 4A). The 50-year mid-CV (critical value) case was selected, as 
the 50 year time frame is most representative of the life of the Project, and the mid CV case is more 
conservative than the fixed case. The PAI air modeling results for the Baseline Case and Application 
Case were overlain on the above within a GIS environment to assess whether or not any soil type 
had the critical load exceeded. Methodology and details for the PAI modeling are provided in the Air 
Quality Assessment (Volume 2, Section 3.0) Areas where critical loads are predicted to be exceeded 
are identified and the total area is calculated.  

- Any 4 x 4 township floating blocks with total areas greater than 100 km2 of above-critical loads 
were identified according to the Acid Deposition Framework for the Oil Sands Region 
(CEMA 2004).  

- Comparisons between the Baseline Case and Application Case were made. Cumulative effects 
were assessed in the PDC, where the residual effects of existing projects and the Project are 
added to other known future developments. 

4.5 Baseline Case 

A summary of the Baseline Case for the terrain and soils resource is provided in Section 4.5.1 below. The 
full Baseline Report (provided in Volume 4, Appendix 4A) describes pre-disturbance soil and terrain 
resources within Soils LSA and RSA, as defined in Section 4.3.2.  

The Baseline Report includes:  

• maps and descriptions of existing baseline soil map units in the Soils LSA and the RSA; 

• maps and descriptions of existing terrain units and topography in the Soils LSA; 
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• baseline soil chemistry data for use in calculating land capability ratings and reclamation suitability 
classification for soil units within the Soils LSA; 

• land capability ratings for soil units within the Soils LSA; 

• suitability and availability of soils within the Soils LSA for reclamation; 

• maps and descriptions of soil units within the Soils LSA and Soils RSA that may be sensitive to 
acidification; and 

• erosion and compaction risk of soil units within the Soils LSA. 

4.5.1 Baseline Case Summary 

The Soils LSA and RSA are dominated by glacial till deposits, with substantial portions of Organic soils 
also present. Drainage regimes across the Soils LSA and RSA are predominantly imperfectly drained or 
wetter. Dominant soil map units include HZMaa (Hazelmere, a Gleyed Gray Luvisol) and the various 
Organic soil map units. Brunisols are uncommon in both the Soils LSA and Soils RSA, occupying less 
than 2% of each. Existing (previously) disturbed land accounts for 2.7% of the Soils LSA and 2.2% of the 
Soils RSA. 

The land capability ratings in the Soils LSA area range from Class 2 (moderate capability) to Class 5 
(non-productive). Within the Soils LSA, Class 2 soils occupy approximately 39%, Class 3 soils (low 
productivity) occupy 23%, Class 4 soils (conditionally productive) occupy less than 2%, and Class 5 soils 
occupy approximately 32%. The remaining areas (water, rough broken, disturbed land) are not rated. 

All of the reclamation materials in the Soils LSA are rated as “suitable” for reclamation. The upper lift 
(topsoil) reclamation suitability of soils ranges from “Good” to “Fair”; lower lift (subsoil) reclamation 
suitability ranges from “Good” to “Fair-Poor”. Limitations for reclamation suitability within the Soils LSA 
area are primarily associated with fine (clayey) soil texture and/or acidic pH. Salinity and sodicity were not 
identified as issues. 

Nearly 80% of the Soils LSA is considered to have “Low” sensitivity to potential acid input. Only the STP 
soil units, which occupy approximately 17% of the Soils LSA, have critical loads that are considered to 
have moderate sensitivity to acid input. Approximately 65% of the Soils RSA is considered to have “Low” 
sensitivity to potential acid input, with 16% having moderate sensitivity. Moderately sensitive soil units in 
the Soils RSA include BMT and STP. The remainder of the Soils RSA was categorized as water, rough 
broken or disturbed land. 

Nearly all of the Soils LSA is at low risk of wind erosion. The fine soil textures in combination with the 
imperfect to very poor drainage regime of the area prevent soils from being easily eroded by wind. Over 
half of the Soils LSA is at low risk of water erosion due to the relatively level topography associated with 
the site. Approximately 43% of the Soils LSA is at moderate risk where slope gradient are up to 5%. 

Nearly 90% of the Soils LSA is at high risk of compaction. The imperfect to very poor drainage regimes 
found across the Soils LSA in combination with fine textured mineral soil increases the risk of compaction 
in areas where vehicle and heavy equipment use are anticipated. 

4.6 Application Case 

4.6.1 Potential Effects 

The Project can affect terrain diversity, soil quality and soil diversity through direct disturbance as a result 
of Project construction and subsequent reclamation. These Project effects are primarily associated with 
the area of direct surface disturbance and are most likely to occur during construction. The Project Area is 
approximately 966 ha, or approximately 16% of the Soils LSA. The Project facility and infrastructure 
breakdown is provided in Table 4.6-1. The Project Area, with the exception of the log decks 
(approximately 6.5 ha), is anticipated to have direct soil disturbance. The assessment of direct Project 
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effects on terrain and soils resources is based on a direct disturbance area of 960 ha (the Project area 
without the log decks). The spatial arrangement of Project facilities and infrastructure is depicted on 
Figure 4.3-1. 

TABLE 4.6-1 
 

FACILITIES AND INFRASTRUCTURE WITHIN THE PROJECT AREA  

Project Facilities and Infrastructure Area (ha) Proportion of Project Area (%) Proportion of Soils LSA (%) 
Well Pads 278.2 28.8 4.5 
Borrow Pits 179.6 18.6 2.9 
Log Decks 6.5 0.7 0.1 
Sumps 13.4 1.4 0.2 
Multi-use Corridors 356.1 36.8 5.8 
CPF  124.3 12.9 2.0 
Camp  8.3 0.9 0.1 
Total Project Area 966.4 100.0 15.7 
Area of Direct Soil Disturbance1 959.9 99.3 15.6 

Notes:  1 The area of direct soil disturbance does not include the log decks. 

 

4.6.1.1 Terrain Diversity 

Disturbance related to construction (e.g., site grading, soil salvage) and reclamation (e.g., re-contouring, 
soil replacement) will result in alteration of terrain types and topography within the Project Area. Table 
4.6-2 shows the area of each terrain type in the Soils LSA that will be disturbed. The maximum area of 
direct soil disturbance (960 ha) is assumed for both the construction and operations phases. As noted in 
Section 4.3.4.1, while topography will be leveled as necessary for construction, decommissioning and 
reclamation will generally restore grade to blend in with surrounding areas. Project effects on topography 
are not considered in this section. 

TABLE 4.6-2 
 

TERRAIN DISTURBANCE IN THE SOILS LSA  

Terrain (Parent 
Material) 

Types 

Conditions at 
Baseline Conditions During Construction and Operations 

Conditions Following Decommissioning and 
Reclamation 

Area 
(ha) 

% of 
Soils 
LSA 

Area of 
Terrain 

Types (ha) 

% of 
Soils 
LSA 

Change in Area 
Relative to 

Baseline (e.g., the 
Area of Direct 

Soil Disturbance) 
(ha) 

% 
Change 
Relative 

to 
Baseline 

Area of 
Terrain 

Types (ha) 

% of 
Soils 
LSA 

Change in 
Area 

Relative 
to 

Baseline 
(ha) 

% 
Change 
Relative 

to 
Baseline 

Glaciofluvial 
overlying glacial 
till 

73.8 1.2 72.1 1.2 -1.7 < -0.1 72.1 1.2 -1.7 < -0.1 

Glacial till 3,788.8 61.7 3,167.0 51.6 -621.8 -10.1 3,167.0 51.6 -621.8 -10.1 
Organic 2,037.4 33.2 1,730.7 28.2 -306.7 -5.0 1,730.7 28.2 -306.7 -5.0 
Rough Broken 62.5 1 61.3 1.0 -1.2 < -0.1 61.3 1.0 -1.2 < -0.1 
Water 6.6 0.1 6.6 0.1 0 0 6.6 0.1 0 0 
Disturbed Land 
(Anthropogenic) 

167.2 2.7 1,098.6 17.9 931.41,3 15.2 153.92 2.5 -13.3 -0.2 

Reclaimed 
Soils 

0 0 0 0 0 0.0 944.73 15.4 944.73 15.4 

Total4 6,136.4 100 6,136.4 100 0 0 6,136.4 100 0 0 

Notes:  1 The change in area considers that 28.5 ha of previously disturbed land occur within the Project Area.  
 2 Disturbed land remaining in the LSA includes previously disturbed land outside the Project Area (not attributed to the Project), as well as 

previously disturbed access roads falling inside the Project Area which will not be reclaimed. 
 3 The area of direct disturbance is 959.9 ha.  
 4 Totals may not add due to rounding. 
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During the construction and operations phases, 1,099 ha are considered to be disturbed within the Soils 
LSA. This includes previously disturbed land in addition to the area of direct soil disturbance associated 
with the Project. Within the Project Area, 931 ha of new disturbance are attributed to the Project; 28.5 ha 
of previously disturbed also fall within the Project Area. As shown in Table 4.6-2, most of the Project Area 
will be constructed on glacial till materials (622 ha, which is approximately 65% of the area of direct soil 
disturbance). Approximately 307 ha (or 32%) of the area of direct soil disturbance is associated with 
Organic parent materials. As a result of Project construction, the terrain types associated with the Project 
Area are considered permanently altered or lost. 

During the decommissioning and reclamation phase, most of the area of direct disturbance (945 ha) is 
assumed to be reclaimed. The previously disturbed access roads (15.2 ha) falling inside the Project Area 
will remain disturbed. As outlined in the C&R Plan (Volume 1, Section 11.0), upland mineral terrain types 
will generally be reclaimed to upland reclaimed landscapes, with the exception of borrow pit centers. 
Approximately 25% of each upland borrow will be reclaimed to wetland or transitional soil types in the 
resulting depression. A portion of the Organic terrain affected by the Project (e.g., well pads and access 
roads constructed on deep peat) will not be reclaimed to wetland or Organic types, but instead will be 
reclaimed to upland islands containing a portion of upland, transitional and Organic soil types. 

Mitigation 
The list below outlines some of the mitigation measures that will limit or prevent Project effects on the 
terrain resource. More detailed mitigation measures are provided in the C&R Plan (Volume 1, 
Section 11.0). 

• best management construction practices will avoid construction on steep slopes associated with the 
incised valleys in the northeastern portion of the Soils LSA; 

• project facilities or infrastructure will not be constructed in potentially unstable areas; if necessary, a 
geotechnical assessment will be conducted; 

• subsoil (B horizon material) will be salvaged from the CPF and well pads located on mineral, shallow 
Organic or previously disturbed and reclaimed soil; 

• topsoil (LFH or Of/Om/Oh and underlying A/Ae/AB horizon) will be salvaged from all areas to be 
disturbed; 

• subgrade parent material will be decompacted prior to recontouring of upland well pads and access 
roads on upland mineral soils in order to create topography consistent with surrounding landscape; 
recontouring will restore natural drainage patterns; 

• salvaged subsoil (B horizon material) shall be replaced evenly over the recontoured CPF and well 
pads as appropriate; 

• topsoil will be replaced to a similar thickness to that which existed under baseline conditions for 
upland and transitional areas; 

• well pads and access roads located within deep peat areas will have portions of geotextile and fill 
removed, and will be re-contoured to appear as upland ‘islands’; topsoil and/or peat will be replaced 
on the upland and transitional portions of the island; and 

• exhausted borrow areas will be recontoured and salvaged soil will be replaced.  

Residual Effects 
The residual effect of the Project on terrain diversity is that a loss of terrain types will occur. Although the 
loss of terrain types is considered to be a permanent, and consequently have a negative impact balance, 
all previously undisturbed areas within the Project Area will be reclaimed. Upland mineral reclaimed soils 
will generally replace pre-disturbance mineral terrain types. Some Organic terrain will be reclaimed 
(geotextile and fill removed) and is expected to return to an Organic reclaimed soil, but the upland portion 



BlackPearl Resources Inc.  Terrain and Soils 
Blackrod Commercial SAGD Project  Volume 4 - Section 4.0 

 

 
   

Page 4-16 
 
 

of the reclaimed upland islands will be considered upland mineral (see the C&R Plan [Volume 1, 
Section 11.0] for more detail). As the Project disturbs a maximum extent of 10% of any particular terrain 
type within the Soils LSA, the magnitude is low (less than 15% of any terrain type disturbed) and the 
residual effect considered to be not significant. Confidence in this rating is high; the data used in this 
assessment was collected in the field from within the Soils LSA and there is a good understanding of 
cause-effect relationships and in the proposed mitigation measures. 

4.6.1.2 Soil Quality  

Disturbance related to construction and reclamation of the Project can lead to changes in soil quality 
through compaction, wind erosion, water erosion, and changes in reclamation suitability (through 
admixing and contamination). Table 4.6-3 provides the area of direct soil disturbance associated with 
each compaction risk, wind erosion risk, water erosion risk and reclamation suitability rating. A brief 
qualitative discussion of each of the aforementioned effects and proposed mitigation measures are also 
provided.  

Changes to soil quality in combination with changes to moisture regime may result in changes to land 
capability classification ratings. Table 4.6-4 shows the area within each land capability class during the 
baseline, construction, operations and decommissioning phases. 

TABLE 4.6-3 
 

SOIL QUALITY PARAMETERS IN THE AREA OF DIRECT SOIL DISTURBANCE 

Soil Quality Parameters Rating/Class 
Area to be disturbed During 

Construction and Operations (ha) Proportion of Project Area (%) 
Proportion of Soils 

LSA (%) 
Compaction Risk High 838.3 87.3 13.7 

Moderate 91.9 9.6 1.5 
Low 0 0 0 
Not rated2 29.7 3.1 0.5 
Total1 959.9 100 15.6 

Wind Erosion Risk High 0 0 0 
Moderate 0 0 0 
Low 930.2 96.9 15.2 
Not rated2 29.7 3.1 0.5 
Total1 959.9 100 15.6 

Water Erosion Risk High 1.2 0.1 <0.1 
Moderate 355.4 37.0 5.8 
Low 574.8 59.9 9.4 
Not rated3 28.5 3.0 0.5 
Total1 959.9 100 15.6 

Upper lift Reclamation 
Suitability 

Good 46.9 4.9 0.8 
Good-Fair 310.3 32.3. 5.1 
Fair 266.3 27.7 4.3 
Not rated4 336.4 35.1 5.5 
Total1 959.9 100 15.6 

Lower Lift Reclamation 
Suitability 

Good 6.7 0.7 0.1 
Fair 173.5 18.1 2.8 
Fair-Poor 443.3 46.2 7.2 
Not rated4 336.4 35.1 5.5 
Total1 959.9 100 15.6 

Notes:   
1 Totals may not add due to rounding, total area does not include log decks. 
2 “Not rated” includes rough broken and disturbed land.  
3 “Not rated” includes disturbed land. 
4 “Not rated” includes rough broken, disturbed land and Organic soils. 
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Compaction 
Soil compaction, caused by heavy equipment and vehicle use, may alter soil structure and decrease 
porosity. If not addressed, compacted soil may ultimately inhibit revegetation success. Well pads and 
other high traffic areas are most likely to be affected.  

As shown in Table 4.6-3, most (87%) of the Project area is at high risk for compaction. The high risk of 
compaction risk is associated with imperfect or wetter drainage regime and finer (with higher clay content) 
textured materials.  

Erosion  
Removal of vegetation during site clearing leaves bare soil susceptible to wind and water erosion. 
Additionally, during the operations phase when soil is in stockpiles, erosion risk can be considered a 
greater issue due to the steeper slopes and lag-time to vegetation establishment. Wind and water erosion 
can lead to loss of topsoil, decreased nutrient status, loss of organic matter and changes in soil texture, 
all of which lead to an overall decrease in soil quality. Revegetation success may be limited if soil quality 
is reduced.  

As shown in Table 4.6-3, nearly all of the Project area (97%) is at low risk for wind erosion. This is due to 
higher moisture conditions and finer textured materials that are well-aggregated. Most of the Project Area 
is at low risk for water erosion (60%) with approximately 37% at moderate risk. Slope classes within the 
Soils LSA are generally low (less than 5%). As soil stockpile slopes will be steeper than the surface 
topography, water erosion risk is considered moderate to high while in stockpile prior to vegetation 
establishment. 

Reclamation Suitability (Admixing and Contamination) 
Reclamation suitability of materials may be reduced by admixing topsoil and subsoil, or through 
accidental spills, or leaks. Admixing is caused through overstripping topsoil or through mishandling 
materials during construction and/or reclamation. Admixing may result in changes to soil texture, pH, 
Sodium Adsorption Ratio (SAR) and Electrical Conductivity (EC), which can affect the soil quality and 
may limit the ability to support vegetation.  

Soil contamination can also affect soil quality. Accidental spills or leaks can occur during well drilling, 
during vehicle re-fueling, as a result of vehicle malfunction, or as a result of pipeline rupture.  

The Project Area consists of soils that are considered “Suitable” for reclamation; that is, they have 
suitability ratings of Good, Fair or Poor. Organic soil types are not rated. The upper lift (topsoil) of the 
Project Area is rated as Good (5%), Good-Fair (32%) or Fair (28%). The lower lift is mostly comprised of 
soil falling in the Fair-Poor category (46%), with 18% in the Fair category. The soils rated as Fair-Poor are 
primarily limited by fine textured (clayey) subsoil.  

Land Capability 
Land capability classification is used as the quantitative indicator of soil quality (Section 4.3.4). As 
outlined above, land capability may be affected by compaction, erosion, contamination and admixing. 
These potential effects can be largely prevented or limited through the use of the mitigation measures 
provided in the C&R Plan (Volume 1, Section 11.0) (and summarized below).  

Changes to the soil moisture regime from Baseline Case over the life of the Project also have the 
potential to alter the land capability rating. Table 4.6-4 shows the changes in land capability class as a 
result of changes in soil moisture regime over the life of the Project. 
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TABLE 4.6-4 
 

LAND CAPABILITY CLASSIFICATION IN THE SOILS LSA  

Land 
Capability 

Class 

Conditions at 
Baseline 

Conditions During Construction and 
Operations 

Conditions Following Decommissioning and 
Reclamation 

Area (ha) 

% of 
Soils 
LSA 

Area of 
Land 

Capability 
Class (ha) 

% of 
Soils 
LSA 

Change in 
Area 

Relative to 
Baseline 

(ha) 

% 
Change 
Relative 

to 
Baseline 

Area of Land 
Capability 
Class (ha) 

% of 
Soils 
LSA 

Change 
in Area 
Relative 

to 
Baseline 

(ha) 

% 
Change 
Relative 

to 
Baseline 

2 2,406.6 39.2 2,051.9 33.4 -354.7 -5.8 2,493.1 40.6 86.5 1.4 
3 1,416.2 23.1 1,154.2 18.8 -262.0 -4.3 1,477.2 24.1 61.0 1.0 
4 92.4 1.5 62.5 1.0 -29.9 -0.5 62.5 1.0 -29.9 -0.5 
5 (Undisturbed 
soil) 

1,984.8 32.3 1,701.5 27.7 -283.3 -4.6 1,882.0 30.7 -102.8 -1.6 

5 (Disturbed 
Land) 

167.2 2.7 1,098.6 17.9 931.41,3 15.2 153.92 2.5 -13.31 -0.2 

Water (not 
rated) 

6.6 0.1 6.6 0.1 0.0 0.0 6.6 0.1 0.0 0.0 

Rough Broken 
(not rated) 

62.5 1.0 61.3 1.0 -1.2 0.0 61.3 1.0 -1.2 0.0 

Total4 6,136.4 100 6,136.4 100 0 0 6,136.4 100 0 0 

Notes:   
1 The change in area considers that 28.5 ha of previously disturbed land occur within the Project Area.  
2 Disturbed land remaining in the Soils LSA includes previously disturbed areas outside of the Project Area (not attributed to the Project), as well 

as previously disturbed access roads falling inside the Project Area which will not be reclaimed. 
3 The area of direct disturbance is 959.9 ha.  
4 Totals may not add due to rounding. 
 

Soil moisture regime is most likely to be affected when Project facilities and infrastructure are constructed 
in wetland areas characterized with deep peat accumulations (Organic soils with baseline land capability 
rating of Class 5). Where well pads and access roads are constructed in deep peat areas, most of the 
peat will be left in place and the pad will be constructed with geogrid and woven geotextiles. Upon 
reclamation, these pads will be recontoured to resemble upland islands containing a portion of upland, 
transitional and Organic soil types.  

The soil moisture regime of borrow areas within upland areas may also be affected; it is expected that a 
portion of the borrow pits will have an area that will fill with water and eventually become a wetland. 
Approximately 25% of each upland borrow will be reclaimed to wetland or transitional soil types in the 
resulting depression.  

Changes in land capability classification are anticipated as a result of reclamation strategies proposed for 
well pads and borrow areas (C&R Plan, Volume 1, Section 11.0). See below for a brief description of 
expected changes.  

Well pads and access roads: 
Well pads and access roads located within deep peat areas will have portions of geotextile and fill 
removed, and will be re-contoured to appear as upland islands. Surface soil/peat will be replaced on the 
upland and transitional portions of the island. Well pads located predominantly in wetland areas will be 
reclaimed as follows: 

• approximately 56% of each well pad located in deep peat areas will be reclaimed to wetland type 
reclaimed soils (Class 5);  

• approximately 17% will be reclaimed to transitional soils (Class 3); and 
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• approximately 27% will be reclaimed to upland mineral soil (Class 2). 

Borrow areas 
As a result of material being removed from the borrow areas, a depression will be formed at the center of 
each pit. This will alter the pre-disturbance land capability classification as follows: 

Borrows located within upland areas are anticipated to return to: 

• approximately 5% wetland (Class 5) (originally as open water with a trajectory towards wetland soil); 

• approximately 20% transitional (Class 3); and 

• approximately 75% upland (Class 2). 

Borrows located within transitional and deep peat areas are anticipated to return to equivalent land 
capability. Final borrow locations will be selected based on further engineering work; final borrow 
locations will not be located in deep peat areas.  

The remainder of the Project Area will be reclaimed to equivalent land capability to that which existed 
prior to disturbance as the drainage regime will be restored and the materials salvaged during 
construction will be used for reclamation. 

As outlined in Table 4.6-4, during the construction and operations phases, approximately 1,099 ha are 
considered to be disturbed (Class 5, Disturbed Land) within the Soils LSA. This includes approximately 
167 ha previously disturbed land as well as the area of new direct soil disturbance associated with the 
Project (931 ha). Within the Project Area, 931 ha of new disturbance are attributed to the Project; 28.5 ha 
of previously disturbed also fall within the Project Area.  

Following decommissioning and reclamation, a net gain in Class 2 and 3 soils is anticipated (87 ha and 
61 ha, respectively), with a corresponding reduction in Class 4 and 5 soils (30 ha and 103 ha, 
respectively). The land capability target for previously disturbed land is Class 2, although the previously 
disturbed access roads (15.2 ha) falling inside the Project Area will remain disturbed. 

Mitigation 
Detailed mitigation and reclamation measures are provided in the C&R Plan in Volume 1, Section 11.0. A 
summary of the mitigation strategies designed to limit the effects of the Project on soil quality are 
provided below:  

• avoid grubbing following merchantable timber harvest in order to preserve surface organic material 
and topsoil; 

• BlackPearl’s proposed woody debris management strategy will be compliant with the Alberta 
Sustainable Resource Development (ASRD) External Directive SD 2009-01 (ASRD 2009). More 
detail on BlackPearl’s woody debris management strategy is provided in the C&R Plan (Volume 1, 
Section 11.0); 

• minimize the amount of soil disturbance, where possible; 

• salvage topsoil prior to construction (topsoil salvage will consist of the surface LFH or Organic 
horizons [Of/Om/Oh] plus the underlying mineral soil [Ah/Ae/AB horizons]); 

• store topsoil on the well pad it was salvaged from, if possible; 

• establish vegetation (cover crop) on stockpiles and disturbed areas as soon as practicable to 
minimize erosion;  

• use tackifiers or hydroseeding with mulch and active seed on exposed soil, if necessary; 



BlackPearl Resources Inc.  Terrain and Soils 
Blackrod Commercial SAGD Project  Volume 4 - Section 4.0 

 

 
   

Page 4-20 
 
 

• use ditches and culverts to manage water movement and to minimize water erosion; 

• use silt fencing as warranted to minimize water erosion; 

• avoid construction when soils are wet; 

• ensure appropriate soil salvage procedures are followed, including salvage of all topsoil and subsoil 
where necessary (e.g., CPF, well pads), while avoiding admixing, etc.; 

• ensure spill prevention, spill contingency planning (see Volume 1, Section 9.0) and pre-reclamation 
inspections for contamination (i.e., contaminated site assessments) are in place; and 

• implementation of regular soil monitoring programs as outlined in the Soil Monitoring Directive 
(Government of Alberta 2009). 

During the decommissioning and reclamation phase the following (at a minimum) will be undertaken to 
reclaim the soil and mitigate the effects of the Project on soil quality: 

• remove all facilities and equipment;  

• conduct a Phase I ESA to determine the potential presence of contamination. If the assessment 
indicates that contamination may be present, a Phase II ESA will be conducted;  

• remediate any contaminated soils or remove to an approved disposal facility; 

• contour terrain to blend in with the surrounding topography and to restore natural drainage patterns; 

• decompact subgrade parent material prior to recontouring upland well pads and access roads on 
upland mineral soils to create topography consistent with the surrounding landscape; 

• replace salvaged subsoil (B horizon material) evenly over the recontoured CPF and well pads, as 
appropriate; 

• replace topsoil to a similar thickness to that which existed under baseline conditions for upland and 
transitional areas; 

• remove a portion of geotextile and fill from well pads and access roads located within deep peat 
areas and re-contour to appear as upland islands. Replace surface soil/ peat on the upland and 
transitional portions of the island; 

• if possible, leave the soil “rough and loose” to minimize erosion and provide microsites; 

• use woody debris (salvaged with the topsoil) to prevent erosion and enhance microsite development; 
and 

• revegetate as soon as practicable. 

Residual Effects 
The residual effect of the project on soil quality is that changes in land capability classification will occur. 
Although the changes in land capability classification following decommissioning and reclamation will be 
permanent, the changes are considered to be neutral. The land capability ratings show a net decrease in 
Class 4 and 5 soils (approximately 30 ha and 103 ha, respectively) and an increase in Class 2 and 3 soils 
(approximately 87 ha and 61 ha, respectively) due to the creation of upland islands where well pads are 
situated in deep peat areas. Except the previously disturbed access roads (15.2 ha), the existing 
disturbance (previously disturbed lands) within the Project Area will be reclaimed to Class 2. The impact 
balance is considered to be neutral, because while the net capability for forestry is increased, the area of 
wetlands is decreased, which is considered to be a negative effect on wetlands. Further discussion on the 
effect of the Project on wetlands is provided in the Vegetation Section (Volume 4, Section 1.0). 
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Given the magnitude of the effect is low (less than 2% change in each land capability class), the residual 
effect is considered to be not significant. Confidence in in this rating is considered moderate. The data 
used in this assessment was collected in the field from within the Soils LSA, but the soil moisture regimes 
following reclamation are based on a conceptual reclamation plan. There is an incomplete understanding 
of how the land capability rating may change over time following final reclamation. 

4.6.1.3 Soil Diversity 

Disturbance related to construction (e.g., site grading, soil salvage) and reclamation (e.g., re-contouring, 
soil replacement) will result in alteration of soil types within the Project Area. Table 4.6-5 provides the 
area of each soil type within the Soils LSA that will be disturbed. The maximum area of direct soil 
disturbance (960 ha) is assumed for both the construction and operations phases.  

TABLE 4.6-5 
 

SOIL DISTURBANCE IN THE SOILS LSA 

Soil Map 
Unit 

(Symbol) 

Dominant 
Soil Series or 

Variant 

Conditions at 
Baseline 

Conditions During Construction and 
Operations 

Conditions Following Decommissioning and 
Reclamation 

Area 
(ha) 

% of 
Soils 
LSA 

Area of 
Soil 

Types 
(ha) 

% of 
Soils 
LSA 

Change in 
Area 

Relative to 
Baseline 

(ha) 

% 
Change 
Relative 

to 
Baseline 

Area of 
Soil 

Types 
(ha) 

% of 
Soils 
LSA 

Change 
in Area 
Relative 

to 
Baseline 

(ha) 

% 
Change 
Relative 

to 
Baseline 

ELS Ells River 83.5 1.4 79.3 1.3 -4.2 -0.1 79.3 1.3 -4.2 -0.1 
ELSpt Ells River-pt 39.9 0.6 33.2 0.5 -6.7 -0.1 33.2 0.5 -6.7 -0.1 
FIRxt Firebag-xt 9.2 0.1 9.2 0.1 0.0 0.0 9.2 0.1 0.0 0.0 
HLY Hartley 37.6 0.6 21.2 0.3 -16.4 -0.3 21.2 0.3 -16.4 -0.3 

HLYzz Hartely-zz 14.9 0.2 8 0.1 -6.9 -0.1 8 0.1 -6.9 -0.1 
HRR Horse River 313.4 5.1 223.2 3.6 -90.2 -1.5 223.2 3.6 -90.2 -1.5 

HZMaa Hazelmere 2,015.8 32.8 1705.5 27.8 -310.3 -5.0 1705.5 27.8 -310.3 -5.0 
HZMaapt Hazelmere-pt 317 5.2 274.3 4.5 -42.7 -0.7 274.3 4.5 -42.7 -0.7 

LVK Livock 64.7 1.1 63 1.0 -1.7 -0.1 63 1.0 -1.7 -0.1 
MLD McLelland 791.9 12.9 670.2 10.9 -121.7 -2.0 670.2 10.9 -121.7 -2.0 

MLDxt McLelland-xt 536.6 8.7 455.3 7.4 -81.3 -1.3 455.3 7.4 -81.3 -1.3 
MLDzz McLelland-zz 275.2 4.5 250.3 4.1 -24.9 -0.4 250.3 4.1 -24.9 -0.4 
MRN Mariana 163.9 2.7 141 2.3 -22.9 -0.4 141 2.3 -22.9 -0.4 
MUS Muskeg 217.2 3.5 184.5 3.0 -32.7 -0.5 184.5 3.0 -32.7 -0.5 
STP Steepbank 293.2 4.8 205.4 3.3 -87.8 -1.5 205.4 3.3 -87.8 -1.5 

STPpt Steepbank-pt 467.5 7.6 405.1 6.6 -62.4 -1.0 405.1 6.6 -62.4 -1.0 
STPzz Steepbank-zz 258.7 4.2 241.2 3.9 -17.5 -0.3 241.2 3.9 -17.5 -0.3 
Water Water 6.6 0.1 6.6 0.1 0.0 0.0 6.6 0.1 0.0 0.0 

RB Rough Broken 62.5 1 61.3 1.0 -1.2 0.0 61.3 1.0 -1.2 <-0.1 
DL Disturbed 

Land 
167.2 2.7 1,098.6 17.9 931.41,3 15.2 153.92 2.5 13.31 -0.2 

Reclaimed 
Soil 

Reclaimed 
Soil 

0.0 0.0 0.0 0.0 0.0 0.0 944.73 15.4 944.73 15.4 

Total4 6,136.4 100 6,136.4 100 0.0 0.0 6,136.40 100 0.0 0.0 

Notes:  
aa = not modal soil correlation area, pt = peaty, an organic horizon with depth greater than 10 cm, zz = atypical subgroup, xt = glacial till found between 30 and 

99 cm. 
1 The change in area considers that 28.5 ha of previously disturbed land occur within the Project Area.  
2 Disturbed land remaining in the Soils LSA includes previously disturbed areas outside of the Project Area (not attributed to the Project), as well 

as previously disturbed access roads falling inside the Project Area which will not be reclaimed 
3 The area of direct disturbance is 959.9 ha.  
4 Totals may not add due to rounding. 
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During construction and operations, 1,099 ha of land are considered to be disturbed within the Soils LSA. 
This includes approximately 167 ha of previously disturbed land as well as the disturbance associated 
with the Project (931 ha). Within the Project Area, 931 ha of new disturbance are attributed to the Project; 
28.5 ha of previously disturbed also fall within the Project Area.  

As shown in Table 4.6-5, the Project Area will be constructed on a number of soil types. As a result of 
Project construction, the soil types associated with the Project Area are considered altered or lost. Upon 
reclamation soil function will be restored; however, the soil type is considered to be “reclaimed soil” not 
the pre-disturbance soil type. The soil type with the largest area affected is Hazelmere (HZM), with 310 ha 
to be disturbed. This equates to a 5% decrease in area compared to baseline conditions. The McClelland 
(MLD) soil type and variants have the second largest area affected, with 228 ha to be disturbed (3.7% 
decrease in area when compared to baseline conditions). The Steepbank (STP) soil type and variants, 
the third most affected soil type, will lose approximately 168 ha (or 2.8%) when compared to pre-
disturbance conditions. The change in each of the remaining soil types accounts for less than 1.5% of the 
Soils LSA. 

Mitigation 
Detailed mitigation and reclamation measures are provided in the C&R plan in Volume 1, Section 11.0. 
The same mitigation measures outlined for Terrain Diversity and Soil Quality apply. Please refer to the 
above sections.  

Residual Effects 
The residual effect of the Project on soil diversity is that a loss of soil types will occur. Although loss of soil 
types is considered to be permanent and, consequently, have a negative impact balance, all previously 
undisturbed areas within the Project Area will be reclaimed (considered reclaimed soils). Upland mineral 
reclaimed soils will generally replace pre-disturbance upland mineral soil types. Some Organic soil types 
will be reclaimed (geotextile and fill removed), but portions of well pads and roads will be reclaimed as 
upland islands with upland mineral soil. Given the Project disturbs a maximum extent of 5% of any soil 
type within the Soils LSA, the magnitude is low (less than 15% of any soil map unit is disturbed) and the 
residual effect is considered to be not significant. Confidence in in this rating is high; the data used in this 
assessment was collected in the field from within the Soils LSA and there is a good understanding of 
cause-effect relationships and in the proposed mitigation measures. 

4.6.1.4 Soil Acidification 

Potentially acidifying emissions as a result of Project operations (e.g., CPF emissions) have the potential 
to cause soil acidification if the level of PAI is greater than the soil critical load. The critical loads for the 
mapped soil types in the Soils LSA and Soils RSA are presented in Tables 4A-15 and 4A-20, respectively 
of the Terrain and Soils Baseline Appendix (Volume 4, Appendix 4A).  

Most of the Soils LSA and Soils RSA are considered to have low sensitivity to PAI; approximately 73% of 
the Soils LSA and 63% of the Soils RSA have 50 year mid-CV Case critical load of 1.1 keq/H+/ha/yr. The 
soils with the lowest critical loads within the Soils LSA and Soils RSA (i.e., these soil types are the most 
sensitive) include the STP and BMT soil units. The Steepbank (STP) soils (occurs in Soils LSA and Soils 
RSA) have a critical load of 0.4 keq/H+/ha/yr and the Bitumount (BMT) (occurs in Soils RSA) soils have a 
critical load of 0.5 keq/H+/ha/yr.  

As shown in Figures 4.6-1 and 4.6-2, there are no areas within the Soils LSA or Soils RSA that receive 
PAI emissions above the soil critical load for the Baseline Case or the Application Case. PAI modeling 
results within the Soils LSA and RSA for the Baseline Case show a maximum rate of PAI of 0.2 
keq/H+/ha/yr; this occurs adjacent to the CPF. The maximum rate of PAI for the Application Case within 
the Soils LSA and RSA is 0.35 keq/H+/ha/yr; this occurs directly on the CPF. A value of 0.30 
keq/H+/ha/yr occurs on previously disturbed land just adjacent to the CPF. 
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Mitigation 
BlackPearl will implement the mitigation measures designed to manage air emissions outlined in the Air 
Quality Assessment (Volume 2, Section 3.0), thus limiting the effects of acid deposition from the Project 
on soils. 

Residual Effects 
Given there are no areas within the Soils LSA or RSA that receive PAI emissions above the soil critical 
load, the potential residual effect of the Project on soil acidification is considered neutral and of negligible 
magnitude. Consequently, the effect of the Project on soil acidification is considered to be not significant. 
Confidence in this rating is moderate; the Soils LSA and RSA maps used in this assessment were based 
on data collected in the field; however, the soil critical loads and the PAI isopleths were determined 
through modelling and there is an incomplete understanding of how the soil may be affected by acid 
inputs. 

4.6.1.5 Significance Evaluation Summary for the Application Case 

Table 4.6-6 provides the significance evaluation of the potential residual effects on terrain and soils for 
the Application Case. 

TABLE 4.6-6 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON TERRAIN AND SOILS – 
APPLICATION CASE 
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1. Terrain Diversity 
(a) loss of terrain types negative Soils LSA long-term continuous permanent low high high not 

significant 
2. Soil Quality 
(a) changes in land capability classification  neutral Soils LSA long-term continuous permanent low high moderate not 

significant 
3. Soil Diversity 
(a) loss of soil types negative Soils LSA long-term continuous permanent low high high not 

significant 
4. Soil Acidification 
(a) increase in area of soils at or above 

critical load 
neutral Soils LSA 

and Soils 
RSA 

long-term continuous reversible negligible high moderate not 
significant 
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4.7 Planned Development Case 

4.7.1.1 Terrain Diversity, Soil Quality and Soil Diversity 

Potential cumulative effects on terrain diversity, soil quality and soil diversity for the PDC are related to 
direct disturbance within the Soils LSA and RSA. There are no other overlapping known future 
developments within the Soils LSA or RSA that are anticipated to disturb the terrain and soils resource 
(forestry cutblocks are not considered soil disturbances). Consequently, the PDC is not considered further 
for terrain diversity, soil quality or soil diversity. 

4.7.1.2 Soil Acidification 

Cumulative effects on soil acidification are related to the amount of PAI falling within the Soils LSA and/or 
RSA attributed to existing activities, the proposed Project and known future developments. The emissions 
from existing activities in the region have the potential to contribute to the Application Case PAI isopleths 
within the Soils LSA and RSA. The cumulative effects on soil acidification for the PDC are presented in 
the section below.  

As shown in Figure 4.7-1, there are no areas within the Soils LSA or RSA that receive PAI emissions 
above the soil critical load for the PDC. The maximum rate of PAI for the PDC within the Soils LSA and 
RSA is 0.4 keq/H+/ha/yr; this occurs directly on the CPF. A value of 0.35 keq/H+/ha/yr occurs on 
previously disturbed land just adjacent to the CPF. 

Mitigation 
Source mitigation measures will be applied as appropriate (refer to Mitigation provided in Section 4.6.1.4). 

Residual Effects 
Given there are no areas within the Soils LSA or RSA that receive PAI emissions above the soil critical 
load, the potential cumulative effect on soil acidification is considered neutral and of negligible magnitude. 
Consequently, the effect of the Project in combination with existing activities and known future 
developments on soil acidification is considered to be not significant. 

4.7.1.3 Significance Evaluation Summary for the Planned Development Case 

Table 4.7-1 provides the significance evaluation of the potential residual effects on terrain and soils for 
the PDC. 

TABLE 4.7-1 
 

SIGNIFICANCE EVALUATION OF POTENTIAL RESIDUAL EFFECTS ON TERRAIN AND SOILS – 
PLANNED DEVELOPMENT CASE 
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1. Terrain Diversity 
(a) loss of terrain types - - - - - - - - - 
2. Soil Quality 
(a) changes in soil quality due to 

compaction, erosion, reclamation 
suitability (admixing and/or 
contamination) 

- - - - - - - - - 

(b) changes in land capability classification - - - - - - - - - 
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TABLE 4.7-1  Cont'd 
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3. Soil Diversity 
(a) loss of soil types - - - - - - - - - 
4. Soil Acidification 
(a) increase in area of soils at or above 

critical load 
neutral Soils LSA 

and RSA 
long-term continuous reversible negligible high moderate not 

significant 
 

4.8 Monitoring 

A soil monitoring program designed to identify and monitor potential sources of soil contamination will be 
initiated as per the Soil Monitoring Directive (Government of Alberta 2009). The Soil Monitoring Directive 
specifies baseline monitoring (prior to project start up) and operational soil monitoring while the project is 
in the operations phase. Should any contamination be identified, it will be managed under a separate Soil 
Management Plan to be developed by BlackPearl. 

During construction, soil salvage and stockpiling operations will be monitored by a qualified soil specialist 
or environmental monitor to ensure that topsoil and subsoil are salvaged and stockpiled according to 
approval conditions. During the operations phase, soil stockpiles will be monitored periodically to ensure 
that erosion control methods are providing adequate soil protection. Signs of erosion and/or inadequate 
vegetative cover will lead to additional measures being applied, if deemed necessary. These measures 
may include using tackifiers or re-seeding. 

Post reclamation monitoring will be implemented to measure and track reclamation success. The 
monitoring will include an assessment of vegetation establishment and performance, soil characteristics 
(including soil replacement depths), land capability classification and an assessment of erosion. Should 
deficiencies be identified, additional reclamation measures will be taken as deemed necessary. Further 
details are provided in the C&R Plan (Volume 1, Section 11.0).  
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4.9 Summary 

Following the implementation of proposed mitigation measures, the potential effects of the Project 
(Application Case) on terrain diversity, soil quality, soil diversity and soil acidification are considered to be 
not significant. The residual effects for each of the above issues are summarized below. 

The Project will have a negative, permanent, low magnitude effect on terrain diversity. While the pre-
disturbance terrain types will be lost within the area of direct disturbance, these areas will be reclaimed, 
which will restore landscape function. Given the Project disturbs a maximum extent of 10% of any 
particular terrain type within the Soils LSA, the magnitude is low and, consequently, the residual effect 
considered not significant. 

The Project will have a neutral, permanent, low magnitude effect on soil quality. The land capability 
ratings show a net increase in Class 2 and 3 soils and a corresponding decrease in Class 4 and 5 soils 
due to the creation of upland islands where well pads are situated in deep peat. Given the magnitude of 
the effect is low (less than 2% change in each land capability class), the residual effect is considered to 
be not significant.  

The Project will have a negative, permanent, low magnitude effect on soil diversity. While the pre-
disturbance soil types will be lost, all areas disturbed as a result of the Project will be reclaimed 
(considered reclaimed soils). Given the Project disturbs a maximum extent of 5% of any soil type within 
the Soils LSA, the magnitude is low and, consequently, the residual effect is considered to be not 
significant. 

Given there are no areas within the Soils LSA or RSA that receive PAI emissions above the soil critical 
load, there are negligible environmental effects associated with soil acidification. The effect of the Project 
on soil acidification is considered to be not significant. 

Potential cumulative effects on terrain diversity, soil quality and soil diversity for the PDC are related to 
direct disturbance within the Soils LSA and RSA. There are no other overlapping known future 
developments with the Soils LSA or RSA that are anticipated to disturb the terrain and soils resource.  

Cumulative effects on soil acidification are related to the amount of PAI falling within the Soils LSA and/or 
Soils RSA related to known future developments in combination with the Project. There are no areas 
within the Soils LSA or Soils RSA that are predicted to receive PAI emissions above the soil critical load 
for the PDC. The effect associated with soil acidification under the PDC is considered to be of negligible 
magnitude. Consequently, the effect of the Project and known future developments on soil acidification 
within the Soils LSA and Soils RSA is considered to be not significant. 
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4A.0 TERRAIN AND SOILS BASELINE REPORT 

4A.1 Introduction 

BlackPearl Resources Inc. (BlackPearl) is proposing an in-situ steam assisted gravity drainage (SAGD) 
bitumen recovery project. The proposed Blackrod Commercial SAGD Project (the Project) is located on 
Crown land on the east side of the Athabasca River in Townships 76 and 77, Ranges 17 and 18, W4M, 
approximately 50 km northwest of the Hamlet of Wandering River, Alberta. The Project is expected to be 
developed in three phases over an estimated 30-year period with the initial phase producing 20,000 
barrels per day (bbl/d) of crude bitumen and subsequent phases producing 30,000 bbl/d each, for a final 
production capacity of 80,000 bbl/d.  The proposed development will have a central processing facility 
(CPF) and is expected to have up to 69 well pads over the life of the Project. The Project is accessible 
from Highway 63 using an existing access road. 

This report provides terrain and soil baseline conditions prior to the Project’s development, including the 
distribution and spatial extent of terrain and soil units as well as the baseline ratings for land capability 
classification, reclamation suitability, soil acidification potential, erosion risk and the risk of compaction. 
Baseline data contained in this report provide the environmental setting which is required to prepare the 
EIA and the Conservation and Reclamation Plan (C&R Plan). 

4A.1.1 Study Objectives 

The purpose of this report is to describe pre-disturbance soil and terrain resources within the Soils Local 
Study Area (LSA) and Regional Study Area (RSA), as defined in Section 4A.2.1. The Soils LSA will be 
affected both directly and indirectly as a result of the Project’s development, whereas the Soils RSA will 
likely only be affected indirectly.  

The objectives of the terrain and soils baseline were to:  

• map and describe existing baseline soil map units in the Soils LSA and the Soils RSA; 

• map and describe existing terrain units and topography in the Soils LSA; 

• collect baseline soil chemistry data for use in calculating land capability ratings and reclamation 
suitability classification for soil units within the Soils LSA; 

• determine the land capability ratings for soil units within the Soils LSA; 

• determine the suitability and availability of soils within the Soils LSA for reclamation; 

• map and determine soil units within the Soils LSA and Soils RSA that may be sensitive to 
acidification; and 

• determine erosion and compaction risk of soil units within the Soils LSA. 

In meeting the objectives outlined above, the Project Terms of Reference (TOR) (AEW 2012) for the 
Terrain and Soils Baseline Assessment will be satisfied. 

4A.2 Methods 

4A.2.1 Study Areas 

Project Area  
The Project Area is the area directly disturbed by Project Activitites (Figure 4A-1). As currently planned, 
the Project Area is approximately 966 ha and includes all facilities and infrastructure associated with the 
Project. The Project Area includes the CPF, well pads, multi-use corridor (pipelines, access road, 
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transmission line), borrow pits, construction camp, sump sites and log decks. The area of anticipated 
direct soil disturbance is approximately 960 ha, as soil within the log decks will not be disturbed. 

Local Study Area 
The Soils LSA considers the Project effects on terrain and soil resources on a local scale. The boundaries 
of the Soils LSA are based on the Project Area including a 450 m buffer. A 450 m buffer was established 
to allow for some flexibility with final siting of Project infrastructure and other activities associated with the 
Project, and to match with the Vegetation LSA.  The direct effects on terrain and soil are largely limited to 
the Project Area, although, as with wetlands, Organic soils could be affected by changes to local 
hydrology and topography. The Soils LSA is approximately 6,136 ha (Figure 4A-1).  

Regional Study Area 
The Soils RSA was developed to evaluate the potential cumulative effects of the Project (e.g., the 
potential for soil acidification). The Soils RSA selected for this Project consists of a 5 km buffer 
surrounding the Soils LSA, which covers an area of 26,168 ha. The 5 km buffer was determined based on 
review of previous SAGD assessments in the vicinity (Millennium EMS Solutions Ltd. 2010) and 
discussion with AEW. The Soils RSA is located within portions of Townships 75, 76, 77 and 78, Ranges 
17 and 18, W4M (Figure 4A-2). 

4A.2.2 Soil and Terrain Investigations 

Baseline field investigations focused on the classification and description of terrain and soil resources in 
the Soils LSA and RSA. Terrain and soil units were mapped to illustrate the spatial extent and distribution 
of each; these maps form the basis of further interpretation.  

4A.2.2.1 Review of Existing Information 

The following information sources were reviewed during the planning, completion and interpretation 
stages of soil and terrain field investigations and mapping: 

• Alberta Oil Sands Environmental Research Program (Turchenek and Lindsay 1982); 

• Alberta Vegetation Inventory (AVI) maps (Alberta Pacific Forest Products Limited [Al-Pac] 2010); 

• Alberta Soil Names File (Generation 3) User’s Handbook (Agriculture and Agri-Food Canada 2006); 

• satellite Imagery of the Soils LSA at a scale 1:15,000; 

• surficial geology maps (Campbell et al. 2001); and 

• bedrock geology maps (Green 1970, Hamilton et al. 1999). 

4A.2.2.2 Preliminary Mapping of the Soils LSA and Soils RSA 

To prepare for field work, the Soils LSA and RSA were spatially divided into relatively similar units 
(polygons) based on the appearance of vegetation communities and drainage patterns through the use of 
AVI polygons, satellite imagery and orthophotos. Based on review of recent projects, none of the study 
areas fell within the vicinity of the Soils RSA, so a preliminary Soils RSA soil map was created based on 
AVI polygons, air photo interpretation and existing surficial geology maps (Campbell et al. 1970). 

Proposed inspection sites were identified within delineated polygons throughout the study areas, with 
increased focus on upland areas and tentative well pad locations. The pre-selected sites were mapped 
into GIS systems which generated UTMs for selected sites. Pre-selected soil inspection sites were 
“ground truthed” during field work either confirming or revising the expectations of preliminary mapping.  
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4A.2.2.3 Field Data Collection 

Soil and terrain survey work was conducted in the Soils LSA from October 19th to 27th, 2010 and from 
July 4 to 12, 2011; Soils RSA survey work was carried out from August 24 to 25, 2011. All fieldwork was 
completed by experienced soil specialists.  

Due to the wet nature of the area, a combination of Argos and foot travel were used to access inspection 
sites. Where possible, sites were placed adjacent to cut-lines or pipeline corridors to increase survey 
efficiency. Sites were generally placed at least 20 m away from any disturbed areas. Although suggested 
site locations were assigned during preliminary mapping, final inspection locations were determined in the 
field by soil specialists to ensure sites were representative of the targeted polygon. 

A total of 330 soil sites were inspected within the Soils LSA, which results in a sampling intensity of 1 
inspection per 18.6 ha. This survey density meets the survey intensity level (SIL) 2 requirements as 
outlined in the Guide to Preparing Environmental Impact Assessment Reports (Alberta Environment 
[AENV] 2011). A SIL2 survey has an inspection density of between 1 inspection per 2 to 20 ha (Expert 
Committee on Soil Survey 1987). Figure 4A-3 depicts soil inspection locations within the Soils LSA. An 
additional 163 inspections were completed within the Soils RSA; the resulting density of 1 inspection per 
161 ha meets SIL3 requirements. A SIL3 survey has an inspection density of between 1 inspection per 20 
to 200 ha. Figure 4A-4 illustrates soil inspection locations within the Soils RSA. Detailed inspection site 
and profile descriptions are provided in Attachment 4A1, Table 4A1-2.  

Mineral soils were inspected using a shovel and Dutch auger to a minimum depth of 100 cm unless the 
auger was ineffective due to stoniness. Deep organic accumulations were generally inspected up to a 
maximum depth of 320 cm or until 30 cm into mineral soil contact, whichever was shallower. 
Characteristics of underlying mineral material may be useful when determining anticipated peat-mineral 
mix quality for use during reclamation.  

The following information was collected at each site: 

• UTMs (collected using a GPS unit, NAD 82, Z12); 

• surface expression; 

• slope position, aspect and gradient; 

• drainage regime; 

• moisture and nutrient regime; 

• indicator vegetation species; 

• ecosite phase; 

• surface stoniness; 

• parent material(s); and 

• site photographs were taken at every site in all cardinal directions, plus the soil pit. 

Each soil profile was described according to the Expert Committee on Soil Survey (1983). All soil profiles 
were classified to the subgroup level according to the Canadian System of Soil Classification (Soil 
Classification Working Group 1998). The following information was collected for each horizon where 
possible: 

• horizon designation; 

• depth; 

• moisture; 
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• colour; 

• extent of mottling (if present); 

• texture; 

• structure; 

• consistence; and 

• coarse fragment content. 

Soil profiles were then assigned a series name based on geographic location (Soil Correlation Area 20), 
parent material and subgroup using the Alberta Soil Names File database associated with AGRASID 3.0 
(Alberta Soil Information Centre 2001) and the Alberta Soil Names File (Generation 3) User’s Handbook 
(Agriculture and Agri-Food Canada 2006). 
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FIGURE 4A-2
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4A.2.2.4 Sample Collection and Laboratory Analyses 

Soil samples were collected from each horizon for all mappable soil units in the Soils LSA as required for 
soil surveys of SIL2 (Expert Committee on Soil Survey 1987). Soil specialists sampled soil profiles that 
appeared to be locally representative of that soil series. Samples were sent to Maxxam Analytics in 
Edmonton, an accredited lab, for analysis. Samples were packaged and handled according to standard 
lab quality assurance and quality control (QA/QC) protocols. The resulting laboratory data was used to 
calculate land capability classification ratings and reclamation suitability for soil units mapped within the 
Soils LSA. Laboratory data for sampled profiles is presented in Attachment 4A1, Table 4A1-3. Chemical 
parameters analyzed included the following: 

• pH (2:1 CaCl2 and 2:1 Water); 

• salinity (electrical conductivity); 

• sodicity (sodium adsorption ratio); 

• soluble chloride, calcium, magnesium, sodium, potassium and sulfates; 

• percent saturation; 

• particle size analysis (by hydrometer) for mineral horizons only;  

• bulk density (Mineral soils: LFH and all horizons within uppermost 20 cm of mineral material. Organic 
soils: uppermost 20 cm);  

• total organic carbon (Mineral soils: LFH and all horizons within uppermost 20 cm of mineral material. 
Organic soils: uppermost 20 cm); and 

• total nitrogen and/or total Kjeldahl nitrogen (Mineral soils: LFH and all horizons within uppermost 20 
cm of mineral material. Organic soils: uppermost 20 cm). 

4A.2.2.5 Map Unit Assignment 

Stereo aerial photographs were used in combination with site data collected in the field to delineate 
relatively homogenous baseline terrain and soil units (polygons). Polygons were delineated based on 
surficial material, surface expression, slope and drainage, with minimum mappable polygon size of 
approximately 0.5 ha. The polygons were subsequently digitized into an ArcGIS digital environment and 
were linked to a database with soil and terrain attributes. Hydrography and disturbance polygons were 
intersected into the soils map. The resulting polygons were used to determine terrain and soil unit spatial 
extents. Representative profiles for each map unit, including laboratory data, are presented in Attachment 
4A1, Tables 4A1-4 through 4A1-35. 

The Soils LSA maps illustrate soil inspection site locations (Figure 4A-3), soil map unit polygons 
(Figure 4A-7), terrain unit polygons (surficial parent materials) and topography (Figure 4A-6) within the 
Soils LSA. The map units represent one dominant soil series as well as unnamed and undescribed 
inclusions. 

For the Soils RSA, baseline maps were produced illustrating inspection sites (Figure 4A-4) and dominant 
soil types (Figure 4A-15). Soil polygons in the Soils RSA were compiled through extrapolating 
observations from site inspections, AVI data, available surficial geology data and digital satellite imagery.  

4A.2.3 Soil Ratings 

For each soil map unit in the Soils LSA, the following soil ratings were determined: 

• land capability classification for forest ecosystems in the oil sands region; 
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• reclamation suitability; 

• sensitivity to acidification (for soils within the Soils LSA and RSA);  

• risk of wind and water erosion; and 

• risk of compaction. 

The methodology for each of the above is provided in the following sub-sections. 

4A.2.3.1 Land Capability Classification for Forest Ecosystems in the Oil Sands 

The Land Capability Classification rating for each of the soil units mapped within the Soils LSA was 
determined using the Land Capability Classification System for Forest Ecosystems manual (LCCS) 
(Cumulative Environmental Management Association [CEMA] 2006). The LCCS was created to quantify 
soil and landscape characteristics which are integral to ecosystem productivity (CEMA 2006). The LCCS 
is intended to facilitate the evaluation of natural and reclaimed lands within the Athabasca oil sands 
region. The LCCS considers many parameters that may affect ecosystem productivity including soil 
moisture regime and soil nutrient regime. Soil physical and chemical parameters potentially limiting to 
plant growth are also evaluated. The five capability classes are outlined and described in Table 4A-1 
below. 

TABLE 4A-1 
 

LAND CAPABILITY RATINGS 

Capability Class Index Points Forest Capability: Productivity and Limitations 
Class 1 High Capability  

(Final land rating 81 to 100) 
Land having no significant limitations to supporting productive forestry, or only minor limitations that 
can be overcome with normal management practices. 

Class 2 Moderate Capability 
(Final land rating 61 to 80) 

Land having limitations which, combined, are moderately limiting for forest production. The limitations 
will result in reduced productivity of benefits, or require increased inputs to the extent that the overall 
advantage to be gained from the use will still be attractive, but appreciably inferior to that expected on 
Class 1 land. 

Class 3 Low Capability 
(Final land rating 41 to 60) 

Land having limitations which, combined, are moderately severe for forest production. The limitations 
will result in reduced productivity or benefits, or require increased inputs to the extent that the overall 
advantage to be gained from the use will be low. 

Class 4 Conditionally Productive 
(Final land rating 21 to 40) 

Land having severe limitations, some of which may be surmountable through management, but which 
cannot be feasibly corrected with existing practice. 

Class 5 Non-Productive 
(Final land rating 0 to 20) 

Land having limitations that appear so severe as to preclude any possibility of successful forest 
production. 

Source: Adapted from CEMA 2006 
 

4A.2.3.2 Suitability of Soils for Reclamation 

Physical and chemical properties of undisturbed soils are used to evaluate reclamation suitability of each 
mineral soil unit within the Soils LSA using the criteria outlined in Soil Quality Criteria Relative to 
Disturbance and Reclamation (Alberta Agriculture Food and Rural Development [AAFRD] 2004). 
Suitability ratings for Organic soils are not determined since the rating system is designed strictly for 
mineral soils. Possible ratings range from “Unsuitable” for use as a reclamation material to “Good” 
suitability (see Table 4A-2 for descriptions). The Soils LSA is located within the Northern Forest Region 
(AAFRD 2004). Within this region, it is considered practical to salvage soil materials in two lifts and, 
hence, the criteria used to evaluate the suitability of surface soil and subsurface soil for reclamation are 
provided in Tables 4A-3 and 4A-4. 
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TABLE 4A-2 
 

SUITABILITY CATEGORIES OF UNDISTURBED AND RECONSTRUCTED SOILS 

Category Limitiations 
Good (G) None to slight soil limitations that affect use as a plant growth medium. 
Fair (F) Moderate soil limitations that affect use but which can be overcome by proper planning and good management. 
Poor (P) Severe soil limitations that make use questionable. This does not mean the soil cannot be used, but rather careful planning and very 

good management are required. 
Unsuitable (U) Chemical or physical properties of the soil are so severe reclamation would not be economically feasible or in some cases impossible. 

Source: Adapted from AAFRD 2004 
 

TABLE 4A-3 
 

CRITERIA FOR EVALUATING THE SUITABILITY OF SURFACE MATERIAL 
IN THE NORTHERN FOREST REGION 

Rating/Property Good (G) Fair (F) Poor (P) Unsuitable (U) 
Reaction (pH) 1 5.0 to 6.5 4.0 to 5.0 

6.5 to 7.5 
3.5 to 4.0 
7.5 to 9.0 

<3.5 and >9.0 

Salinity (EC)2 (dS/m) <2 2 to 4 4 to 8 >8 
Sodicity (SAR)2 <4 4 to 8 8 To 12 >123 
Saturation (%)2 30 to 60 20 to 30 

60 to 80 
15 to 20 
80 to 120 

<15 and >120 

Stoniness/Rockiness4 (% Area) <30/<20 30-50/20-40 50-80/40-70 >80/>70 
Texture5 fSL, vfSL, L, SiL, SL CL, SCL, SiCL LS, SiC, C, HC, S - 
Moist Consistency Very friable, friable Loose, firm Very firm Extremely firm 
CaCO3 Equivalent (%) <2 2 to 20 20 to 70 >70 

Source: AAFRD 2004 
Notes:  1 pH values presented are most appropriate for trees, primarily conifers. 
 2 Limits may vary depending on plant species to be used. 
 3 Materials characterized by an SAR of 12 to 20 may be rated as poor if texture is sandy loam of coarser and saturation % is less than 100. 
 4 <25 cm diameter stones/rocks intercepting surface. 
 5 fSL = fine sandy loam, vfSL = very fine sandy loam, L = Loam, SiL = silt loam, SL = sandy loam, CL = clay loam, SCL = sandy clay loam, SiCL 

= silty clay loam, LS = loamy sand, SiC = silty clay, C = clay, HC = heavy clay S = Sand 
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TABLE 4A-4 
 

CRITERIA FOR EVALUATING THE SUITABILITY OF SUBSURFACE MATERIAL 
IN THE NORTHERN FOREST REGION 

Rating/Property Good (G) Fair (F) Poor (P) Unsuitable (U) 
Reaction (pH)1 5.0 to 7.02 4.0 to 5.0 

7.0 to 8.02 
3.5 to 4.0 
8.0 to 9.0 

<3.5 and >9.0 

Salinity (EC) (dS/m)3 <3 3 to 5 5 to 8 >8 
Sodicity (SAR) <4 4 to 8 8 To 12 >124 
Saturation (%)2 30 to 60 20 to 30 

60 to 80 
15 to 20 
80 to 100 

<15 and >100 

Coarse Fragments (% Volume) <305 
<206 

30 to 505 
15 to 306 

50 to 705 
30 to 506 

>705 
>506 

Texture7 fSL, vfSL, L, SiL, SL CL, SiC, SiCL S, LS, C, HC bedrock 
Moist Consistency Very friable, friable, 

firm 
Loose, very firm Extremely firm Hard rock 

CaCO3 Equivalent (%) <5 5 to 20 20 to 70 >70 

Source: AAFRD 2004 
Notes: 1 pH values presented are most appropriate for trees, primarily conifers.  
 2 Higher values takes into consideration that in the lower lift the pH values of the soils are generally higher. 
 3 Limit may vary depending on plant species to be used. 
 4 Material characterized by an SAR of 12 to 20 may be rated as poor if texture is sandy loam or coarser and saturation % is less than 100. 
 5 Matrix texture (modal) finer than sandy loam. 
 6 Matrix texture (modal) sandy loam and coarser. 
 7 fSL = fine sandy loam, vfSL = very fine sandy loam, L = Loam, SiL = silt loam, SL = sandy loam, CL = clay loam, SiC = silty clay, SiCL = silty 

clay loam, S = Sand, LS = loamy sand, C = clay, HC = heavy clay 
 

4A.2.3.3 Potential for Acidification of Soils 

Soils differ in their sensitivity to acidification based on susceptibility to changes in pH, base saturation and 
mobilization of exchangeable bases in response to a given input of acidity (Turchenek and Lindsay 1982). 
The potential for soil acidification is determined through comparison of the soil’s ‘critical load’ and the 
level of potential acid input (PAI) that the soil is expected to receive through air emissions. 

Critical loads are defined as a numerical expression of the highest level of acid deposition that will not 
lead to harmful, long-term changes to the soil (AENV 2008). Soil acidification potential of soil series found 
in the oil sands region of Alberta was modeled for the NOx-SO2 Management Working Group of CEMA in 
2002 (Abboud et al. 2002). In Abboud et al. (2002), the critical PAI loads were modeled for each soil 
series based on critical chemical values (CV) for changes in pH, base saturation and exchangeable 
bases. The Acid Deposition Management Framework of CEMA recommends using the Mid-CV Case 
critical loads over a typical life span of most oil sands developments, or 30 years (CEMA 2004). The 
closest available modeled values are for the mid-case and 50 year time frame.  

Each soil unit mapped within the Soils LSA and RSA was assigned a critical load for acid deposition 
based on the critical load presented in Abboud et al. (2002). To correlate with the provincial acid 
deposition management levels (AENV 2008), each soil unit was also labeled with the generic sensitivity 
rating of high, medium or low, depending on the modeled critical load. The critical loads from Abboud et 
al. (2002) are not strictly aligned with the critical loads associated with high, medium and low acid 
sensitivity; however, they do fall within the categories (see list below from AENV 2008).  

• Soils with “high” sensitivity to acidification have a critical load of 0.25 keq H+/ha/year. 

• Soils with “moderate” sensitivity to acidification have a critical load of 0.50 keq H+/ha/year. 

• Soils with “low” sensitivity to acidification have a critical load of 1.0 keq H+/ha/year. 

Where critical loads were not available for mapped soil units, the soil unit was assigned the critical load 
(from Abboud et al. 2002) of the soil series most closely resembling that soil unit. 
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4A.2.3.4 Wind Erosion Risk 

Wind erosion risk is estimated based on the potential for “maximum instantaneous soil movement by 
wind”, which is known as the Chepil wind erosion index (E) (Coote and Pettapiece 1989). The wind 
erosion index (E) is a function of the following: 

• surface roughness and aggregation (K);  

• soil resistance to movement (C);  

• drag velocity of wind at the soil surface; 

• moisture shear resistance; and  

• available moisture of the soil surface.  

Assuming that both wind velocity and soil moisture are equal (or similar) for upland soils, wind erosion risk 
can be determined by multiplying the dimensionless soil roughness (K) and soil resistance to erosion (C) 
constants from the method of Coote and Pettapiece (1989). Table 4A-5 outlines the KC values associated 
with various soil textures. Each KC range is associated with an “E” value and is assigned a low, moderate 
or high rating. 

Wind erosion risk ratings for each mapped soil series are assigned based on typical topsoil texture for 
each series. Gleysols and Organic soils are assigned a low wind erosion risk rating due to the high 
moisture content, regardless of the KC product. Wind erosion risk ratings assume bare, unprotected, non-
vegetated soils.  

TABLE 4A-5 
 

WIND EROSION RISK – RANGE OF KC VALUES AND ASSOCIATED RISK CLASSES 

Wind Erosion 
Risk Rating KC Range Associated Soil Texture 

E (Dimensionless Index 
of Wind Erosion Risk) 

Low 0.000587–0.000722 Loam, silt loam, clay loam, silty clay loam <100 – 249.9 
Moderate 0.00147–0.001945 Fine sandy loam, gravelly sandy loam, very fine 

sandy loam, silty clay, heavy clay, clay 
250 – 399.9 

High 0.002358–0.00433 Sand, loamy sand, fine sand, loamy fine sand, 
gravelly sand, sandy loam 

400– >700 

Source: Adapted from Coote and Pettapiece (1989) 
 

4A.2.3.5 Water Erosion Risk 

The rate of water erosion at any given location is related to the erodibility of the soil, the slope 
characteristics (length and gradient) and the amount of precipitation at the location. Water erosion risk 
ratings for soils in the Soils LSA are estimated using the Revised Universal Soil Loss Equation for 
Application in Canada (RUSLEFAC) as described in Wall et al. (2002). 

Water erosion risk ratings are based on the following equation: 

A = R x K x L x S x C x P 

where:  

A = the potential long-term average annual soil loss (tonnes/ha/year) 

R = rainfall factor (assumed to be the same throughout the Soils LSA) 

K = soil erodibility factor (based primarily on soil texture; see Table 4A-6) 

L = slope length factor (slope lengths estimated)  
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S = slope steepness factor (average slope gradient for each slope class) 

C = cropping management factor (assumed to be bare soil) 

P = support practice factor (assumed to be bare soil) 

As shown in Table 4A-6, soil texture plays a key role in a soil’s resistance to erosion, with silty or fine 
sandy soil with weak structure generally most susceptible to water erosion (Wall et al. 2002). Slope 
gradient and slope length are important factors controlling the rate of erosion, with steeper and longer 
slopes at higher risk of water erosion. Water erosion risk ratings assume erosion to bare, unprotected 
soils.  

TABLE 4A-6 
 

RELATIVE SUSCEPTIBILITY TO WATER EROSION BASED ON SOIL TEXTURE 

Surface Soil Texture 
Relative Susceptibility to 

Water Erosion K Ranges 
Potential Soil Loss 
(Tonnes/ha/year) 

Heavy clay, sandy loam, loamy fine sand, fine sand, 
coarse sandy loam, loamy sand, sand 

Low <0.007 - 0.03 <6-11 

Clay loam, loam, silty clay, clay, sandy clay loam Moderate 0.03 – 0.04 11-22 
Very fine sand, loamy very fine sand, silt loam, very 
fine sandy loam, silty clay loam 

High 0.04- >0.05 22 - >33 

Source: Adapted from Wall et al. 2002 
 

4A.2.3.6 Compaction Risk 

In order to estimate compaction risk of soils within the Soils LSA, a generalized rating system was used. 
The compaction risk rating matrix shown in Table 4A-7 was developed using professional judgment and a 
combination of two compaction systems designed for forestry applications. The two compaction systems 
used to develop the rating system include the Soil Compaction and Puddling Hazard Key (British 
Columbia Ministry of Forests 1999) and the table of Compaction and Rutting Hazard for Soils in Ontario 
(Archibald et al. 1997). The compaction and rutting risk matrix takes into consideration texture and 
drainage regime as wetter soils and soils with higher clay contents are more susceptible to compaction. 

Compaction risk ratings for each soil unit in the Soils LSA were assigned based on typical subsoil texture, 
as topsoil will likely be salvaged from all areas where disturbance is expected. 

TABLE 4A-7 
 

COMPACTION RISK RATING MATRIX 

Drainage 
Regime 

Soil Texture 
Very Coarse 

(Sand, Loamy 
Sand) 

Moderately 
Coarse (Sandy 

Loam) 

Medium (Loam, 
Silt Loam, Sandy 

Clay Loam) 

Moderately Fine 
(Clay Loam, Silty 

Clay Loam) 

Fine-Very Fine 
(Clay, Silty Clay, 

Heavy Clay) Organic 
Rapid L L - - - - 
Well L L M M M - 
Imperfect L L H H H - 
Poor M M H H H - 
Very Poor M M H H H H 

Sources: Adapted from British Columbia Ministry of Forests 1999 and Archibald et al. 1997 
Notes: “–“ = Not Applicable  
 L = Low. There is a minimal risk of compaction provide that industry accepted procedures are exercised during construction and operations. a 
 M = Moderate. Normal construction and operating procedures may cause compaction; however, these effects can be mitigated through 

management practices. a 
 H = High. Normal construction and operating procedures are likely to cause soil degradation through compaction. If possible, it is recommended 

that construction and operations procedures should not be started until conditions change (i.e., soils dry out). If this is not possible, the effects 
may be partially mitigated through management practices, however, some long-term degradation of soils may result. a 

 a  Definition modified from Archibald et al. 1997. 
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4A.3 Results 

4A.3.1 General Overview 

4A.3.1.1 Natural Region 

The Soils LSA and the RSA are located within the Central Mixedwood and Lower Boreal Highlands 
Natural Subregions of the Boreal Forest Natural Region (Natural Regions Committee [NRC] 2006). The 
Central Mixedwood Subregion is the largest in Alberta, covering approximately 25 percent of the 
province. Vegetation within the Central Mixedwood Subregion typically includes aspen, aspen-white 
spruce, white spruce and jack pine forest communities on upland terrain. Poorly drained fens and bogs in 
low lying areas are extensive through this subregion. The Lower Boreal Highlands covers approximately 8 
percent of Alberta and has a mean elevation of 675 m above sea level (asl) (NRC 2006). The Lower 
Boreal Highlands are slightly cooler and moister than the Central Mixedwood Natural Subregion. 
Wetlands cover approximately 40% of the Central Mixedwood and 35% of the Lower Boreal Highlands 
Subregions, respectively (NRC 2006). Reference vegetation community types in the Lower Boreal 
Highlands are variable and may include pure or mixed stands of aspen, white spruce, white birch, hybrid 
pine and black spruce. White birch, balsam poplar, white spruce and hybrid pine dominate mixed stands 
at higher elevations where seepage occurs. 

4A.3.1.2 Bedrock Geology 

Both the Soils LSA and RSA are underlain by the bedrock of the LaBiche Formation. A small portion of 
the Soils RSA is underlain by the Lower Wapiti Formation (Belly River Group equivalent) (Green 1970, 
Hamilton et al. 1999).The LaBiche Formation is comprised of dark gray shale and silty shale; ironstone 
partings and concretions; silty fish-scale bearing beds in lower part; the LaBiche Formation was deposited 
in a marine environment (Green 1970, Hamilton et al. 1999). The Lower Wapiti Formation is described as 
gray, feldspathic, clayey sandstone; gray bentonitic mudstone and bentonite; scattered coal beds; it was 
deposited in a non-marine environment (Green 1970, Hamilton et al. 1999). 

4A.3.1.3 Physiography and Landforms  

Most of the Soils LSA and Soils RSA are located on the Wabasca Plain Ecodistrict within the Northern 
Alberta Lowlands Ecoregion (Pettapiece 1986). The southeast portions of both study areas fall within the 
Crow Lake Upland Ecodistrict of the Northern Alberta Uplands Ecoregion. The Soils RSA also includes a 
small portion of the May Hills Ecodistrict of the Northern Alberta Uplands Ecoregion. Table 4A-8 describes 
the detailed physiography and associated landforms of the Soils LSA and the Soils RSA. 

TABLE 4A-8 
 

PHYSIOGRAPHY OF THE SOILS LSA AND RSA 

Study Area Ecoregion Ecosection Ecodistrict Landform 

Soils LSA 

Northern Alberta 
Lowlands 

Wabasca 
Lowland 

Wabasca Plain Glaciofluvial veneer and blanket over undulating moraine. 
Undulating moraine 

Northern Alberta 
Uplands 

Stony Mountain 
Upland 

Crow Lake Upland Rolling and undulating moraine. Glaciofluvial veneer over 
moraine 

Soils RSA 

Northern Alberta 
Lowlands  

Wabasca 
Lowland 

Wabasca Plain Glaciofluvial veneer and blanket over undulating moraine 
and significant undulating moraine 

Northern Alberta 
Uplands 

Stony Mountain 
Upland 

Crow Lake Upland Rolling and undulating moraine. Glaciofluvial veneer over 
moraine 

May Hills Morainal blanket over rolling rock. 
Undulating and hummocky moraine 

Source: Adapted from Pettapiece 1986 
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4A.3.1.4 Surficial Geology 

Surficial geology of the Soils LSA and Soils RSA is comprised of organic, colluvial, alluvial, 
glaciolacustrine, glaciofluvial and morainal deposits dating from the Holocene and Pleistocene eras 
(Campbell et al. 2001). There are very minor inclusions of Pre-quaternary bedrock deposits within the 
Soils RSA, in the vicinity of the Athabasca River. A summary of the generalized surficial geology within 
the Soils LSA and Soils RSA is provided in Table 4A-9, and shown on Figure 4A-5. The generalized 
surficial geology is based on the 1:100,000 scale mapping for NTS sheet 83P completed by Campbell et 
al. (2001).  

The northern and western portions of the Soils RSA are dominantly distal glaciolacustrine deposits dating 
from the Pleistocene. Distal glaciolacustrine sediments are fine textured deposits of clay and silt that have 
been deposited in deep water environments in glacial lakes and commonly form flat to gently rolling 
plains. A large portion of the glaciolacustrine sediments are present as veneers with underlying morainal 
deposits. The south and eastern portion of the Soils RSA is dominated by morainal deposits and stagnant 
ice moraines. Morainal material consists of unsorted to poorly sorted till deposits containing clay, silt, 
sand, gravel, cobbles and boulders. They are deposited at the ice margin or beneath glaciers. Stagnant 
ice moraine is formed by the collapse or lateral movement of glacial sediment as the result of melting 
buried stagnant ice. Organic deposits dating from the Holocene are present as organic plains and organic 
veneers and consist of undifferentiated bog and fen deposits. Organic surficial materials dominate low 
lying areas on the landscape. There are very small inclusions of glaciofluvial sediment dating from the 
Pleistocene in the very north of the Soils RSA. Glaciofluvial sediment consists of stratified gravel and 
sand with very minor amounts of clay and silt and are deposited by moving glacial water. Some of these 
deposits are proximal (deposited in contact with ice) and exist as eskers or esker systems on the 
landscape.  

Colluvial and alluvial deposits within the Soils RSA date from the Holocene. Colluvial deposits consist of 
massive to stratified, silty to clayey very poorly sorted sediment that results from gravity-induced 
landslides and slumps. As such, colluvial deposits are generally present on valley slopes and bottoms 
and are mainly located alongside the Athabasca River and in large valleys. Alluvial deposits are present 
in the northern part of the Soils RSA; they occupy a very small portion of the Soils RSA and consist of 
relatively recently placed well sorted sand, silt and clay deposited by streams.  

A very small portion of the surficial geology consists of Pre-quaternary bedrock. This bedrock is undivided 
and may consist of crystalline, carbonates, clastic sediments and/or coal.  

TABLE 4A-9 
 

SURFICIAL GEOLOGY OF THE SOILS LSA AND SOILS RSA 

Study Area Surficial Geology Area (ha) Proportion of Study Area (%) 
Soils LSA Colluvial deposits 56.4 0.9 

Glacial deposits: moraine 954.7 15.6 
Glaciolacustrine deposits: off-shore (distal) 2,230.1 36.3 
Organic deposits 2,295.3 37.4 
Stagnant ice moraine 599.9 9.8 
Total 6,136.4 100 

Soils RSA Alluvial deposits 198.4 0.8 
Bedrock 96.6 0.4 
Colluvial deposits 5066.2 19.4 
Druminoid moraine 217.5 0.8 
Glacial deposits: moraine 6,904.7 26.4 
Glaciofluvial deposits 38.8 0.1 
Glaciofluvial deposits: proximal (ice-contact) 12.3 <0.1 
Glaciolacustrine deposits: off-shore (distal) 5,950.2 22.7 
Organic deposits 5,868.0 22.4 
Stagnant ice moraine 1,815.8 6.9 
Total 26,168.4 100 

Source: From Campbell et al. 2001 



FIGURE 4A-5
SURFICIAL GEOLOGY OF THE SOILS LSA AND RSA
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4A.3.2 Terrain and Soil Units in the Soils LSA 

4A.3.2.1 Terrain Types and Topography 

The parent materials identified in the Soils LSA through field work and mapping include glaciofluvial 
veneers overlying glacial till, glacial till and organic deposits (Table 4A-10). Most of the Soils LSA is 
characterized by level to nearly level topography (slope classes 1-2, slope gradients 0-2%), with some 
gentle slopes (slope class 3, slope gradients 2-5%) also present (Figure 4A-6). In the northeastern portion 
of the Soils LSA, two incised valleys with slope classes ranging from 4-8 (slope gradients 5-70%) were 
mapped (Figure 4A-6). The detailed inspection site data and mapping information are provided in 
Attachment 4A1, Table 4A1-2 and Attachment 4A2, Table 4A2-1.  

TABLE 4A-10 
 

PARENT MATERIAL TYPES IN THE SOILS LSA  

Terrain Type Area (ha) Proportion of Soils LSA (%) 
Glaciofluvial overlying glacial till 73.8 1.2 
Glacial till 3,788.8 61.7 
Organic 2,037.4 33.2 
Water 6.6 0.1 
Rough Broken 62.5 1.0 
Disturbed Land 167.2 2.7 
Total 6136.4 100 

 

As summarized in Table 4A-10, the Soils LSA is dominantly comprised of glacial till deposits 
(approximately 62%). Organic deposits also occupy a substantial portion (approximately 33%), with a very 
small portion of glaciofluvial veneers identified (less than 2%). The remainder of the Soils LSA is 
comprised of water, rough broken (steep incised valleys with undeveloped soil) or disturbed land. The 
terrain types identified in the Soils LSA are described below. 

Glacial Till (M) 
Glacial till refers to material comprised of sand, silt, clay and some rock material. Glacial till is non-
stratified and unconsolidated. It is deposited as ground moraine with low relief, end moraine with variable 
relief, or as hummocky moraine with variable local relief greater than 5 m (Turchenek and Lindsay 1982). 
Glacial till is typically well compacted with a heterogeneous mixture of particle sizes (Soil Classification 
Working Group 1998). The glacial till identified in the Soils LSA is described as Horse River till; it is 
generally moderately fine to fine textured and is relatively low in coarse fragments (0 to 5%). The glacial 
till in the Soils LSA commonly underlies organic deposits.  

Organic (O) 
The organic deposits within the Soils LSA are primarily fen peat (peat dominantly formed by sedges and 
brown moss; moving water), with bog peat (peat dominantly formed by Sphagnum moss; closed 
drainage) noted to a lesser extent. The organic materials in the Soils LSA range in the level of 
decomposition, from relatively un-decomposed (Fibric) to moderately decomposed (Mesic). The organic 
accumulations generally range from 0.6 m to 2 m thick, with some thicker deposits of 3-4 m also noted 
during field inspections.  

Glaciofluvial (Fg) 
Glaciofluvial materials consist of moderately well to well sorted, coarser textured materials such as sand 
and gravels. Soils of glaciofluvial origin are usually well to rapidly drained. In the Soils LSA, glaciofluvial 
deposits were generally found as thin veneers overlying glacial till or sometimes beneath organic 
deposits. 
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4A.3.2.2 Soil Units  

Eighteen soil units were mapped within the Soils LSA in addition to disturbed land and water (Table 4A-
11, Figure 4A-7). The soil map units are described in Table 4A-11 according to the dominant soil types; 
transitional soils (wetter or drier than mapped) and small inclusions of variable soil types are common. 
Upland soil units (mineral) are typically more heterogeneous in their soil assemblages relative to wetter, 
organic soils. The detailed inspection site data and map unit summaries are presented in Attachment 
4A1, Table 4A1-2 and Attachment 4A2, Table 4A2-1. 

Most (approximately 64%) of the Soils LSA consists of mineral soil with a substantial portion (33%) of 
Organic soils also present (Table 4A-11). Drainage regime throughout the Soils LSA ranges from very 
poorly to well drained, with most of the area characterized as imperfectly drained or wetter. Together, the 
HZMaa and HZMaapt units (Gleyed Gray Luvisols formed on Horse River till) occupy 38% of the Soils 
LSA. Organic MLD and MLD variants are also common; these units occupy approximately 26% of the 
Soils LSA. Gleysols belonging to the ELS and STP soil units, including variants, occupy almost 19% of 
the area. Well drained Orthic Gray Luvisols comprise only 6% of the area (5% belonging to the HRR unit 
and 1% to the LVK unit). Brunisols belonging to the FIRxt unit occupy less than 1% of the Soils LSA. 



 

TABLE 4A-11 
 

SOIL UNITS IN THE SOILS LSA 

Soil Map 
Unit Symbol 

Dominant Soil 
Series or Variant 

Soil 
Order Soil Subgroup Parent Material 

Drainage 
Regime Inclusions in Map Unit Area (ha) 

Proportion 
of LSA (%) 

ELS Ells River Gleysol Rego Gleysol Glacial Till Poor Other Gleysols 83.5 1.4 
ELSpt Ells River-pt Gleysol Peaty Rego Gleysol Glacial Till Poor Other Gleysols 39.9 0.6 
FIRxt Firebag-xt Brunisol Eluviated Dystric Brunisol Glaciofluvial overlying Glacial Till Well  9.2 0.1 

HLY 
Hartley Organic Terric Fibrisol Organic (Forest Peat) overlying Glacial 

Till 
Poor1 Other Organic soils 37.6 0.6 

HLYzz 
Hartely-zz Organic Typic Fibrisol, Fibric Mesisol, Terric 

Humisol, Terric Mesisol 
Organic (Forest Peat), Organic overlying 
Glacial Till 

Poor1 Other Organic soils 14.9 0.2 

HRR Horse River Luvisol Orthic Gray Luvisol Glacial Till Well Hazelmere 313.4 5.1 
HZMaa Hazelmere Luvisol Gleyed Gray Luvisol Glacial Till Imperfect Horse River 2,015.8 32.8 
HZMaapt Hazelmere-pt Luvisol Peaty Gleyed Gray Luvisol Glacial Till Imperfect Horse River 317.0 5.2 
LVK Livock Luvisol Orthic Gray Luvisol Glaciofluvial overlying Glacial Till Well Horse River 64.7 1.1 
MLD McLelland Organic Typic Mesisol Organic (Fen Peat) Very Poor Other Organic soils 791.9 12.9 
MLDxt McLelland-xt Organic Terric Mesisol Organic (Fen Peat) overlying Glacial Till Very Poor Other Organic soils 536.6 8.7 
MLDzz McLelland-zz Organic Mesic Fibrisol, Fibric Mesisol Organic (Fen Peat) Very Poor Other Organic soils 275.2 4.5 
MRN Mariana Organic Terric Mesisol Organic (Bog Peat) overlying Glacial Till Very Poor Other Organic soils 163.9 2.7 
MUS Muskeg Organic Typic Mesisol Organic (Bog Peat) Very Poor Other Organic soils 217.2 3.5 
STP Steepbank Gleysol Orthic Gleysol Glacial Till Poor Other Gleysols 293.2 4.8 
STPpt Steepbank-pt Gleysol Peaty Orthic Gleysol Glacial Till Poor Other Gleysols 467.5 7.6 
STPzz Steepbank-zz Gleysol Rego or Humic Gleysol Glacial Till Poor Other Gleysols 258.7 4.2 
Water Water N/A N/A N/A N/A N/A 6.6 0.1 
RB Rough Broken N/A N/A Various Various Various 62.5 1.0 
DL Disturbed Land N/A N/A Various Various Various 167.2 2.7 
Total 6,136.4 100.0 

Page 4A-24 

Notes 1 Site data indicates drainage regime drier than typical for Organic soils 
 N/A = not applicable. 
 aa = not modal soil correlation area. 
 pt = peaty, an organic horizon with depth greater than 10 cm. 
 zz = atypical subgroup. 
 xt = glacial till found between 30 and 99 cm. 
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4A.3.3 Soil Ratings in the Soils LSA 

4A.3.3.1 Land Capability 

Land capability ratings were calculated for dominant soil series based on site-specific chemical and 
physical data collected during the field program and through soil analyses; the ratings were then applied 
to soil map units. Resulting land capability ratings and extents for the Soils LSA are provided in Table 4A-
12; the spatial distribution is illustrated on Figure 4A-8. The land capability rating for each soil map unit 
depicted on Figure 4A-8 is presented in Attachment 4A2, Table 4A2-1. The LCCS calculations for 
representative profiles of the soil map units are provided in Attachment 4A3.  

TABLE 4A-12 
 

LAND CAPABILITY CLASSIFICATION RATINGS IN THE SOILS LSA 

Land Capability Rating Area (ha) Proportion of Soils LSA (%) 
2 2,406.6 39.2 
3 1,416.2 23.1 
4 92.4 1.5 
5 1,984.8 32.3 
Water (not rated) 6.6 0.1 
Rough Broken (not rated) 62.5 1.0 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 
The land capability ratings in the Soils LSA area range from Class 2 (moderate capability) to Class 5 
(non-productive) (Table 4A-12, Figure 4A-8). Class 2 soils occupy approximately 39% of the Soils LSA, 
and are associated with the HZMaa, FIRxt and LVK soil units. Class 3 soils (low productivity) are 
predominantly associated with some of the Gleysolic soil units, but also the HRR soil unit (18% and 5%, 
respectively).  The limitations are related to excess moisture (Hygric, aerated) in the case of the Gleysols 
and to moisture deficit and structure in the case of HRR. Less than 2% of the area is classified as 
conditionally productive (Class 4); limitations for the the Class 4 soils are associated with excess 
moisture. Approximately 32% of the Soils LSA is rated as Class 5. The Organic soil units were generally 
rated as Class 5; these soils are limited by excess wetness and deep peat accumulations.  



FIGURE 4A-8
LAND CAPABILITY IN THE SOILS LSA

BLACKPEARL RESOURCES INC. PROPOSED BLACKROD COMMERCIAL SAGD PROJECT
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4A.3.3.2 Suitability of Soils for Reclamation 

Reclamation suitability ratings for soil units mapped in the Soils LSA are based on site-specific chemical 
and physical data collected in the field and through soil analyses. Tables 4A-13 and 4A-14 outline the 
upper lift and lower lift reclamation suitability ratings in the Soils LSA; Figures 4A-9 and 4A-10 depict the 
spatial distribution. The upper and lower lift reclamation suitability ratings for each soil map unit depicted 
on Figures 4A-9 and 4A-10 is presented in Attachment 4A2, Table 4A1-1. 

TABLE 4A-13 
 

UPPER LIFT RECLAMATION SUITABILITY RATINGS IN THE SOILS LSA 

Topsoil Rating Area (ha) Proportion of Soils LSA (%) 
Good 400.4 6.5 
Good-Fair 2,015.8 32.8 
Fair 1,446.5 23.6 
Organic (not rated) 2,037.4 33.2 
Water (not rated) 6.6 0.1 
Rough broken (not rated) 62.5 1.0 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 

TABLE 4A-14 
 

LOWER LIFT RECLAMATION SUITABILITY RATINGS IN THE SOILS LSA 

Subsoil Rating Area (ha) Proportion of Soils LSA (%) 
Good 39.9 0.6 
Good-Fair 9.2 0.1 
Fair 1,167.5 19.0 
Fair-Poor 2,646.1 43.1 
Organic (not rated) 2,037.4 33.2 
Water (not rated) 6.6 0.1 
Rough broken (not rated) 62.5 1.0 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 

All of the reclamation materials in the Soils LSA are rated as “suitable” for reclamation. The upper lift 
(topsoil) reclamation suitability of soils mapped in the Soils LSA ranges from “Good” to “Fair”; lower lift 
(subsoil) reclamation suitability ranges from “Good” to “Fair-Poor” (Tables 4A-13 and 4A-14; Figures 4A-9 
and 4A-10). Organic soils and/or organic horizons are not rated as the system was not designed for 
organic materials. Limitations for reclamation suitability within the Soils LSA area are primarily associated 
with fine-textured (clayey) soil texture and/or lower pH. Salinity (Electrical Conductivity) and sodicity 
(Sodium Adsorption Ratio) issues were not identified in any of the samples submitted to the laboratory. 
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FIGURE 4A-10
LOWER LIFT RECLAMATION SUITABILITY RATINGS IN THE SOILS LSA
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4A.3.3.3 Potential for Acidification in the Soils LSA 

The 50-year Mid-CV Case critical load (Abboud et al. 2002) is provided for each of the mapped soil units 
within the Soils LSA in Table 4A-15 and on Figure 4A-11. The associated acid sensitivity ratings (AENV 
2008) are also presented. The 50-year mid-CV case critical load and associated acid sensitivity rating for 
each soil map unit depicted on Figure 4A-11 is presented in Attachment 4A2, Table 4A2-1. 

TABLE 4A-15 
 

MID-CASE 50-YEAR POTENTIAL ACID INPUT CRITICAL LOADS AND 
ACID SENSITIVITY RATINGS OF SOILS MAPPED IN THE SOILS LSA 

Map Unit Symbol 

50-Year Mid CV Case 
Critical Load (keq 

H+/ha/yr 
Associated Acid 

Sensitivity Rating Area (ha) 
Proportion of Soils 

LSA (%) 
ELS1 1.1 Low 83.5 1.4 
ELSpt1 1.1 Low 39.9 0.6 
FIRxt 0.55 Low 9.2 0.1 
HLY 1.1 Low 37.6 0.6 
HLYzz 1.1 Low 14.9 0.2 
HRR 1.1 Low 313.4 5.1 
HZMaa1 1.1 Low 2,015.8 32.8 
HZMaapt1 1.1 Low 317.0 5.2 
LVK 1.1 Low 64.7 1.1 
MLD 1.1 Low 791.9 12.9 
MLDxt 1.1 Low 536.6 8.7 
MLDzz 1.1 Low 275.2 4.5 
MRN 0.8 Low 163.9 2.7 
MUS 0.6 Low 217.2 3.5 
STP 0.4 Moderate 293.2 4.8 
STPpt 0.4 Moderate 467.5 7.6 
STPzz 0.4 Moderate 258.7 4.2 
Water  - - 6.6 0.1 
Rough broken  - - 62.5 1.0 
Disturbed Land  - - 167.2 2.7 
Total 6,136.4 100 

Note: 1 not modeled by Abboud et al. (2002), but is assumed to have similar chemistry to HRR; HZMaa is a Gleyed version of HRR and ELS is a Rego 
Gleysol formed on Horse River till. 

 
Nearly 80% of the Soils LSA is considered to have “Low” sensitivity to potential acid input; that is, the 
soils mapped have a 50 year Mid-CV Case critical load greater than 0.5 keq/H+/ha/yr. Approximately 73% 
of the Soils LSA has a 50 year Mid-CV Case critical load of 1.1 keq/H+/ha/yr. Only the STP soil units, 
which occupy approximately 17% of the Soils LSA have critical loads that would be considered to have 
moderate sensitivity to acid input.  



FIGURE 4A-11
POTENTIAL ACID INPUT CRITICALLOADS IN THE SOILS LSA
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4A.3.3.4 Wind Erosion Risk in the Soils LSA 

Wind erosion risk ratings for soil units mapped in the Soils LSA are based on site-specific profile and site 
data collected in the field. The wind erosion risk ratings in the Soils LSA are provided in Table 4A-16; the 
spatial extent is shown on Figure 4A-12. The wind erosion risk rating for each soil map unit depicted on 
Figure 4A-12 is presented in Attachment 4A2, Table 4A2-1. 

TABLE 4A-16 
 

WIND EROSION RISK RATINGS IN THE SOILS LSA 

Wind Erosion Risk Rating Area (ha) Proportion of Soils LSA (%) 
High 9.2 0.1 
Low 5,890.9 96.0 
Water (not rated) 6.6 0.1 
Rough broken (not rated) 62.5 1.0 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 

Nearly all of the Soils LSA is at low risk of wind erosion. The fine soil textures in combination with the 
imperfect to very poor drainage regime of the area prevent soils from being easily eroded by wind. Even if 
the soils dry out, the fine texture of the soil will limit wind erosion. Less than 1% of the Soils LSA is at high 
risk of wind erosion. The high risk area is associated with the FIRxt map unit, which has a coarser, sandy 
soil texture. 



FIGURE 4A-12
WIND EROSION RISK RATINGS IN THE SOILS LSA
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4A.3.3.5 Water Erosion Risk in the Soils LSA 

Water erosion risk ratings for soil series mapped in the Soils LSA are based on site-specific profile and 
site data collected in the field. Table 4A-17 outlines the water erosion risk ratings in the Soils LSA; Figure 
4A-13 shows the spatial distribution of the ratings. The water erosion risk rating for each soil map unit 
depicted on Figure 4A-13 is presented in Attachment 4A2, Table 4A2-1. 

TABLE 4A-17 
 

WATER EROSION RISK RATINGS IN THE SOILS LSA 

Water Erosion Risk Rating Area (ha) Proportion of Soils LSA (%) 
High 62.5 1.0 
Moderate 2,620.9 42.7 
Low 3,279.1 53.4 
Water (not rated) 6.6 0.1 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 

Over half of the Soils LSA is at low risk of water erosion due to the relatively level topography associated 
with the site. Approximately 43% of the Soils LSA is at moderate risk. The relatively fine textured soils 
combined with slope gradients of up to 5% (slope class 3) put the soil at moderate risk. The rough broken 
areas along the incised valleys have slope classes ranging from 4 to 8 (5-70%); these areas are at high 
risk for water erosion.  



FIGURE 4A-13
WATER EROSION RISK RATINGS IN THE SOILS LSA
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4A.3.3.6 Compaction Risk in the Soils LSA 

Compaction risk ratings for soil series mapped in the Soils LSA were based on site-specific profile and 
site data collected in the field. Table 4A-18 outlines the compaction risk ratings in the Soils LSA.  The 
compaction risk ratings across the Soils LSA are displayed on Figure 4A-14. The compaction risk rating 
for each soil map unit depicted on Figure 4A-14 is presented in Attachment 4A2, Table 4A2-1. 

TABLE 4A-18 
 

COMPACTION RISK RATINGS IN THE SOILS LSA 

Compaction Risk Rating Area (ha) Proportion of Soils LSA (%) 
High 5,512.9 89.8 
Moderate 378.0 6.2 
Low 9.2 0.1 
Water (not rated) 6.6 0.1 
Rough broken (not rated) 62.5 1.0 
Disturbed Land (not rated) 167.2 2.7 
Total 6,136.4 100 

 

Nearly 90% of the Soils LSA is at high risk of compaction. The imperfect to very poor drainage regimes 
found across the Soils LSA in combination with fine textured mineral soil increases the risk of compaction 
for areas where vehicle and heavy equipment use are anticipated. Less than 1% of the Soils LSA is at 
low risk for compaction; the low risk is associated with the FIRxt soil unit due to the coarser textured soil. 
The well drained Luvisols (HRR and LVK) are at moderate risk of compaction due to the fine soil texture. 
If possible, the use of heavy equipment should be avoided during wet soil conditions to minimize 
compaction.  



FIGURE 4A-14
COMPACTION RISK RATINGS IN THE SOILS LSA
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4A.3.4 Soil Units in the Soils RSA 

Sixteen soil units were mapped within the Soils RSA in addition to water and disturbed land (Table 4A-19, 
Figure 4A-15). The soil map units are described in Table 4A-19 according to the dominant soil types. Due 
to the scale of mapping (ranging from 1:20,000 to 1:100,000), inclusions of variable soil types are 
common. The attributes of the map units depicted on Figure 4A-15 are summarized in Attachment 4A2, 
Table 4A2-2. 

TABLE 4A-19 
 

SOIL UNITS IN THE SOILS RSA 

Soil Map 
Unit 

Symbol 
Dominant Soil 

Series or Variant Soil Order Soil Subgroup Parent Material 
Drainage 
Regime Area (ha) 

Proportion 
of Soils 
RSA (%) 

BMT Bitumount Gleysol Orthic Gleysol Glaciofluvial Poor 12.6 <0.1 

DOVxt 
Dover-xt Luvisol Orthic Gray Luvisol Glaciolacustrine 

overlying Glacial Till 
Well 

97.3 0.4 

DOVxtgl 
Dover-xtgl Luvisol Gleyed Gray Luvisol Glaciolacustrine 

overlying Glacial Till 
Imperfect 

1720.9 6.6 
ELS Ells River Gleysol Rego Gleysol Glacial Till Poor 103.3 0.4 

FIR 
Firebag Brunisol Eluviated Dystric 

Brunisol 
Glaciofluvial Rapid 

42.4 0.2 

FIRxt 
Firebag-xt Brunisol Eluviated Dystric 

Brunisol 
Glaciofluvial overlying 
Glacial Till 

Well 
17.6 0.1 

HRR Horse River Luvisol Orthic Gray Luvisol Glacial Till Well 5371.6 20.5 
HZMaa Hazelmere Luvisol Gleyed Gray Luvisol Glacial Till Imperfect 5362.4 20.5 

LVK 
Livock Luvisol Orthic Gray Luvisol Glaciofluvial overlying 

Glacial Till 
Well 

11.4 <0.1 
MLD McLelland Organic Typic Mesisol Organic (Fen Peat) Very Poor 3598.8 13.8 

MLDxt 
McLelland-xt Organic Terric Mesisol Organic (Fen Peat) 

overlying Glacial Till 
Very Poor 

177.4 0.7 
MMW Mamawi Gleysol Rego Gleysol Fluvial Poor 151.1 0.6 

MRN 
Mariana Organic Terric Mesisol Organic (Bog Peat) 

overlying Glacial Till 
Very Poor 

143.8 0.5 
MUS Muskeg Organic Typic Mesisol Organic (Bog Peat) Very Poor 316.7 1.2 
STP Steepbank Gleysol Orthic Gleysol Glacial Till Poor 4088.6 15.6 
Water Water N/A N/A N/A N/A 886.5 3.4 
RB Rough Broken N/A N/A N/A N/A 3477.3 13.3 
DL Disturbed Land N/A N/A N/A N/A 588.8 2.2 
Total 26,168.4 100 

Notes 
N/A  =  not applicable, aa = not modal soil correlation area, pt = peaty, an organic horizon with depth greater than 10 cm, zz = atypical subgroup, xt = 

glacial till found between 30 and 99 cm. 

 
Approximately 78% of the Soils RSA is comprised of mineral soil; with approximately 16% of Organic soils 
also present; the remainder of the Soils RSA is water or disturbed land (Table 4A-19). Nearly half of the 
mineral soils belong to the Luvisolic order. Gleysols occupy approximately 17% of the Soils RSA while 
Brunisols occupy less than 1%. The rough broken soil unit, associated with the colluvial slopes of the 
Athabasca River, occupies approximately 13% of the Soils RSA. Drainage regime throughout the Soils 
RSA ranges from very poorly to rapidly drained; approximately 60% of the area is imperfectly drained or 
wetter. The most common soil units mapped in the Soils RSA in descending order are HRR (21%), 
HZMaa (21%), STP (16%), MLD (14%), RB (13%) and DOVxtgl (7%). The ten remaining soil map units 
each occupy less than 2% of the Soils LSA, with most occupying less than 1%. Disturbed land accounts 
for just over 2% of the Soils RSA. 
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4A.3.5 Critical Loads of Soils Mapped Within the Soils RSA 

The 50-year Mid-CV Case critical load (Abboud et al. 2002) is provided for each of the mapped soil units 
within the Soils RSA in Table 4A-20 and on Figure 4A-16. The associated acid sensitivity ratings (AENV 
2008) area also presented. The 50-year mid-CV case critical load and associated acid sensitivity rating 
for each soil map unit depicted on Figure 4A-16 is presented in Attachment 4A2, Table 4A2-2. 

TABLE 4A-20 
 

MID-CASE 50-YEAR POTENTIAL ACID INPUT CRITICAL LOADS AND 
ACID SENSITIVITY RATINGS FOR SOILS MAPPED IN THE SOILS RSA 

Map Unit Symbol 
50-Year Mid CV Case 

Critical Load (keq H+/ha/yr 
Associated Acid 

Sensitivity Rating Area (ha) 

Proportion of 
Soils RSA 

(%) 
BMT 0.5 Moderate 12.6 <0.1 
DOVxt 1.1 Low 97.3 0.4 
DOVxtgl 1.1 Low 1720.9 6.6 
ELS1 1.1 Low 103.3 0.4 
FIR 0.55 Low 42.4 0.2 
FIRxt 0.55 Low 17.6 0.1 
HRR 1.1 Low 5371.6 20.5 
HZMaa1 1.1 Low 5362.4 20.5 
LVK 1.1 Low 11.4 <0.1 
MLD 1.1 Low 3598.8 13.8 
MLDxt 1.1 Low 177.4 0.7 
MMW 1.1 Low 151.1 0.6 
MRN 0.8 Low 143.8 0.5 
MUS 0.6 Low 316.7 1.2 
STP 0.4 Moderate 4088.6 15.6 
Water - - 886.5 3.4 
RB - - 3477.3 13.3 
DL - - 588.8 2.2 
Total 26,168.4 100 

Notes: 1 not modeled by Abboud et al. (2002), but is assumed to have similar chemistry to HRR; HZMaa is a Gleyed version of HRR and ELS is a Rego 
Gleysol formed on Horse River till. 

 
Approximately 65% of the Soils RSA is considered to have “Low” sensitivity to potential acid input; that is, 
the soils mapped have a 50 year Mid-CV Case critical load greater than 0.5 keq/H+/ha/yr. Approximately 
63% of the Soils RSA has a 50 year Mid-CV Case critical load of 1.1 keq/H+/ha/yr. The BMT and STP soil 
units are considered to have moderate sensitivity to acid input; these units occupy approximately 16% of 
the Soils RSA.  



FIGURE 4A-16
POTENTIAL ACID INPUT CRITICAL LOADS IN THE SOILS RSA
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4A.4 Summary 

The Soils LSA and RSA are dominated by glacial till deposits, with substantial portions of Organic soils 
also present. Drainage regimes across the Soils LSA and RSA are predominantly imperfectly drained or 
wetter. Dominant soil map units include HZMaa (Gleyed Gray Luvisol) and the various Organic map units. 
Brunisols are uncommon in both the Soils LSA and RSA, occupying less than 2% of each. Disturbed land 
accounts for nearly 3% of the Soils LSA and just over 2% of the Soils RSA. 

The land capability ratings in the Soils LSA area range from Class 2 (moderate capability) to Class 5 
(non-productive). Within the Soils LSA, Class 2 soils occupy approximately 39%, Class 3 soils (low 
productivity) occupy 23%, Class 4 soils (conditionally productive) occupy less than 2%, and Class 5 soils 
occupy approximately 32%. The remaining areas are unrated (water, rough broken, disturbed land). 

All of the reclamation materials in the Soils LSA are rated as “suitable” for reclamation. The upper lift 
(topsoil) reclamation suitability of soils ranges from “Good” to “Fair”; lower lift (subsoil) reclamation 
suitability ranges from “Good” to “Fair-Poor”. Limitations for reclamation suitability within the Soils LSA 
area are primarily associated with fine (clayey) soil texture and/or acidic pH.  

Nearly 80% of the Soils LSA is considered to have “Low” sensitivity to potential acid input. Only the STP 
soil units, which occupy approximately 17% of the Soils LSA, have critical loads that are considered to 
have moderate sensitivity to acid input. Approximately 65% of the Soils RSA is considered to have “Low” 
sensitivity to potential acid input, with 16% having moderate sensitivity. Moderately sensitive soil units in 
the Soils RSA include BMT and STP. 

Nearly all of the Soils LSA is at low risk of wind erosion. The fine soil textures in combination with the 
imperfect to very poor drainage regime of the area prevent soils from being easily eroded by wind. Over 
half of the Soils LSA is at low risk of water erosion due to the relatively level topography associated with 
the site. Approximately 43% of the Soils LSA is at moderate risk where slope gradient are up to 5%. 

Nearly 90% of the Soils LSA is at high risk of compaction. The imperfect to very poor drainage regimes 
found across the Soils LSA in combination with fine textured mineral soil increases the risk of compaction 
for areas where vehicle and heavy equipment use are anticipated. 
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TABLE 4A1-1 
 

KEY TO ABBREVIATIONS USED IN TABLES 4A1-2 TO 4A1-35 

Parent Material  
M – Morainal (till) 
F - Fluvial 
GF – Glaciofluvial 
O – Organic 
L - Lacustrine 
GL –Glaciolacustrine 
Marl - Marl 

Soil Sub-Group 
Brunisols 
E.DYB – Eluviated Dystric Brunisol 
GLE.DYB – Gleyed Eluviated Dystric 
Brunisol 
E.EB - Eluviated Eutric Brunisol 
GLE.EB – Gleyed Eluviated Brunisol 
 
Gleysols 
R.G – Rego Gleysol 
O.G – Orthic Gleysol 
O.HG – Orthic Humic Gleysol 
R.HG – Rego Humic Gleysol 
O.LG – Orthic Luvic Gleysol 
 
Luvisols 
D.GL – Dark Gray Luvisol 
GL.GL – Gleyed Gray Luvisol 
GLD.GL – Gleyed Dark Gray Luvisol 
O.GL – Orthic Gray Luvisol 
 
Organics 
ME.F – Mesic Fibrisol 
T.F – Terric Fibrisol 
TY.F – Typic Fibrisol 
TME.F – Terric Mesic Fibrisol 
THU.F – Terric Humic Fibrisol 
CU.M – Cumulic Mesisol 
FI.M – Fibric Mesisol 
HU.M – Humic Mesisol 
T.M – Terric Mesisol 
TFI.M – Terric Fibric Mesisol 
THU.M – Terric Humic Mesisol 
TY.M – Typic Mesisol 
LM.H – Limnic Humisol 
ME.H – Mesic Humisol 
T.H – Terric Humisol 
TY.H – Typic Humisol 

Consistence 
Dry (D) 
L – Loose 
SO – Soft 
SLH – Slightly Hard 
H – Hard 
VH – Very Hard 
EH – Extremely Hard 
R – Rigid 
 
Moist (M) 
L – Loose 
VFR – Very Friable 
FR – Friable 
F – Firm 
VF – Very Firm 
EF – Extremely Firm 
 
Wet (W) 
N – Nonsticky 
SLS – Slightly Sticky 
S – Sticky 
VS – Very Sticky 
 

Surface Expression 
b – Blanket 
f - Fan 
h – Hummocky 
l – Level 
m – rolling 
r – ridged 
s – steep 
t - terraced 
u - undulating 
v - veneer 

Soil Series 
ABN - Albian 
ALG – Algar Lake  
BMT–Bitumont  
DL – Disturbed Land 
DOV- Dover  
ELS – Ells River  
FIR – Firebag  
GGG – Gregg  
HLY – Hartley  
HRR – Horse River  
HZM – Hazelmere  
LVK – Livock  
MLD – McLelland  
MMW - Mamawi 
MRN – Mariana  
MUS – Muskeg  
NAM - Namur 
NS – New Symbol 
STP – Steepbank  
SUT – Sutherland  
WNF – Winfred  
ZUN - Miscellaneous 
 
Soil Phase Codes 
aa – Not Modal SCA 
ab – Brunisolic 
cu – Cumulic 
cy - Cryic 
dk – Dark Gray Varient 
gl - Gleyed 
pt – Peaty  
st – Stony  
t - Terric 
xc – Clay at 30-99cm 
xs – Sand at 30-99 cm 
xt – Till at 30-99cm 
ys – Sand at 100-200 cm 
yt – Till at 100-200 cm 
zh - Humic 
zl -Luvisolic 
zr - Rego 
zz – Atypical Subgroup 
 

Slope Position 
C - Crest 
U - Upper 
M - Mid 
L - Lower 
D – Depression 
Level 
Drainage 
R - Rapid 
W - Well 
MW – Moderately Well 
I - Imperfect 
P - Poor 
VP – Very Poor 

Structure 
Grade  (first letter)            
W – Weak         
M - Moderate 
S – Strong 
 
Class (second letter) 
F –Fine 
M - Medium  
C – Coarse 
 
Kind (third position) 
Gr – Granular 
PL – Platy 
SBK – Subangular Blocky 
SG – Single Grain 
Ma - Massive 
 
 
 

Mottles 
Abundance (first letter) 
F – Few 
C – Common 
M – Many 
 
Size (second letter) 
F –Fine 
M – Medium 
C – Coarse 
 
Contrast (third letter) 
F – Faint 
D – Distinct 
P - Prominent 
 

Texture 
C – Clay 
SiC – Silty Clay 
SiCL – Silty Clay Loam 
CL -  Clay Loam 
SC – Sandy Clay 
SL- Silty Loam 
Si - Silt 
L - Loam 
SCL – Sandy Clay Loam 
SL – Sandy Loam 
LS – Loamy Sand 
S - Sand 
f – Fine 
vf – Very Fine 
c – Coarse 
gr - gravelly 
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TABLE 4A1-2 
 

INSPECTION SITE AND PROFILE INFORMATION 

Site ID Easting Northing Soil Series 
Soil Sub 

group Parent Material Slope (%) 
Slope 

Position Drainage Aspect 
Surface 

Expression 
Water Table 
depth (cm) 

LFH/O 
Depth (cm) 

A Horizon 
Depth (cm) 

A Horizon 
Texture1 

B Horizon 
Depth (cm) 

B Horizon 
Texture1 

BC/C Horizon 
Depth (cm) 

BC/C Horizon 
Texture1 

Peat Depth 
(cm) 

DT001 397759 6169451 ELSpt ptR.G M 0.5 L P 50 u 55 32/25 - - - - 35/90 C - 
DT002 396707 6169894 DL DL M <1 M P 260 u 20 8 20 L 50 SCL 90 CL - 
DT003 395881 6169884 STPpt ptO.G M - Level P - l 30 18 - - 34 CL 90 CL - 
DT004 395270 6165422 MRN1 T.M O/M - Level VP - l 10 - - - - - 100 C 45 
DT005 394625 6165683 MLD4 TY.M O - Level VP - l 20 - - - - - 400 C 370 
DT006 393606 6165838 BMTzz R.G GF - D P - r 10 9 - - - - 100 LcS - 
DT007 393126 6166048 LVKgldk GLD.GL GF/M <1 U I 120 r >100 12 6/12 L/L-CL 37 CL 64/100 SCL - 
DT008 393691 6164117 HLYxszz T.F O/GF - Level VP - l 30 - - - - - 140+ LcS 95 
DT009 394114 6163820 ABN5 TY.F O - Level VP - l 20 - - - - - - - 420+ 
DT010 394111 6162874 GGG4 TY.F O - Level VP - l 30 - - - - - 420+ HC 390 
DT011 392771 6161819 STPzz O.LG GF/M <1 M P 210 u >100 11 4/14 SL 16/44 L/CL 100 SCL - 
DT012 393470 6161888 MLDyszz T.F O/GF - Level VP - l 20 - - - - - 210+ cSL 150 
DT013 393956 6161975 GGG5 TY.F O - Level VP - l 20 - - - - - - - 420+ 
DT014 395424 6163176 WNFglpt ptGL.GL GF/M 1 M I 245 u >100 17 24 cSL 63 C 100 C - 
DT015 395927 6162986 STPpt ptO.G M 1 M P 310 u >100 21 5/9 SiL 48 CL 100 CL - 
DT016 396620 6162762 HZMdkaa GLD.GL M 4 U I 110 u >100 8 16/21 CL/SiL 65 C-CL 100 C - 
DT017 397009 6162957 HZMaa GL.GL M 2 M I 260 u >100 12 6 SiL 45 SiCL 100 C - 
DT018 396300 6162427 HZMaa GL.GL M 1 M I 200 u >100 11 19 SiL 61 SCL 100 C - 
DT019 396808 6161914 ELSpt ptR.G M 1.5 M P 275 u 0 35 - - - - 80 C - 
DT020 396019 6161935 HZMaapt ptGL.GL M 1 M I 260 u >100 16 16 SiL 65 CL-C 100 CL - 
DT021 395709 6162062 HZMaapt ptGL.GL M 2 L I 290 u >100 32 8 SiL 33 fSCL 90 CL - 
DT022 395723 6162259 STPptzz ptO.LG M 2 M P 250 u >100 23/15 4/8 SiL 45 SCL 90 CL - 
DT023 394788 6161998 MRN2 T.M O/M <1 D VP - u 10 - - - - - 170 CL 130 
DT024 395723 6162768 HZMaapt ptGL.GL M 1 M I 120 u >100 31/19 18 SiL 45 CL-C 100 CL-SCL - 
DT025 395751 6164080 HRR O.GL M 2 U MW 234 u >100 12 5 CL 35 C 100 C - 
DT026 398239 6166076 HZMaa GL.GL M 2 M I 330 u >100 9 4/9 L/SiL 90 SiCL 100 C - 
DT027 397098 6165287 HZMaadkpt ptGLD.GL M 1.5 M I 340 u >100 20 5/10 L/SiL 35 CL 90 C - 
DT028 397216 6165960 LVKpt ptO.GL GF/M 2 M MW 280 u >100 15 9 L 38 C 100 C - 
DT029 396935 6165682 HZMaadkpt GLD.GL M 1 M I 300 u >100 13 8/12 L/SiL-SiCL 49 C 67/100 C - 
DT030 396610 6166635 STPpt ptO.G M - Level P - l >70 39 - - 7 CL 70 C - 
DT031 396741 6166853 MRN2 T.M O/M 1 M VP 270 u 50 - - - - - 170 C 140 
DT032 396388 6167286 STP O.G M - Level P - l 90 10 7 L 50 SiCL 100 SiCL - 
DT033 396669 6167298 MRN1cuxcyt CU.M O/L/O/M <1 L VP 260 u 50 - - - - - 105/200 SiC/CL 55 
DT034 397254 6167523 ELSpt ptR.G M - Level P - l 0 20 - - - - 0+ - - 
DT035 397270 6167570 MUSxs T.M O/GF - Level VP - l 20 - - - - - 100 LcS 50 
DT036 397602 6167542 MLDxt T.M O/M - Level VP - l 10 - - - - - 120 C 75 
DT037 396637 6166100 HZMdkaa GLD.GL M 1 M I 220 u >100 8 6 CL 37 C 100 C - 
DT038 396628 6165363 LVKdk D.GL GF/M 8 M MW 360 u >100 6 5/12 L-CL/L 45 C 100 C - 
DT039 396090 6165932 MUS2zz ME.F O - Level VP - l >100 - - - - - 200 C 170 
DT040 395855 6166110 MUS3 TY.M O - Level VP - l 50 - - - - - 270+ C 240 
DT041 395802 6166587 MRN2 T.M O/M - Level P - l 50 - - - - - 190 C 150 
DT042 396089 6166855 MLDxt T.M O/M <2 D P - u 20 - - - - - 100 CL 85 
DT043 395779 6166868 GGG4 TY.F O - Level VP - l >100 - - - - - - - 320+ 
DT044 395693 6167034 MUS4 TY.M O - Level VP - l 40 - - - - - - - 320+ 
DT045 396167 6167247 STPpt ptO.G L/O/M - Level P - l 0 36 - - 8 CL 40/200 C/C - 
DT046 395804 6167384 STPpt ptO.G L/O/M - Level P - l 0 16 - - 55 C 90/190 CL/C - 
DT047 395062 6167433 MLD2zz TY.H O - Level VP - l 10 - - - - - 320 marl 200 
DT048 395372 6167589 MUS2zz LM.H O/Marl <1 M VP 280 l 60 - - - - - 210 marl 110 
DT049 396090 6167522 STP O.G M <1 M P 140 u >100 11 - - 42 CL 100 CL - 
DT050 397266 6167150 FIRst E.DYB GF 2 M W 350 u >100 8 12 L 60+ SiL-CL - - - 
DT051 397157 6167784 FIRxt E.DYB GF/M 1 M W 240 u >65 7 9 LcS-cSL 46 S 65+ CL - 
DT052 396899 6168208 BMTptxtzz ptO.LG GF/M 1 L P 240 u 10 24 9 LS 47 CL 60+ SCL - 
DT053 398588 6167915    - Level VP - l 10 - - - - - - - - 
DT054 398468 6167881    <1 M W 340 u - - - - - - - - - 
DT055 397500 6168718 FIRxt E.DYB GF/M 3 M MW 250 u >100 11 21 cSL 50 LcS 70/100 SCL/SiCL - 
DT056 396616 6168390 STP O.G M 2 L P 125 u 50 13 7 L 55 SCL 90 CL - 
DT057 396802 6168454 STP O.G M - Level P - l 0  8 SiL 55 SCL 100 CL-C - 
DT058 395914 6168594 STP O.G M <1 L P 220 u 40 15 - - 28 CL-C 90/100 C/C - 

 



BlackPearl Resources Inc.  Terrain and Soils Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 4A 

 

 
   

Page 4A-49 
 
 

TABLE 4A1-2  Cont'd 

Site ID Easting Northing Soil Series 
Soil Sub 

group Parent Material Slope (%) 
Slope 

Position Drainage Aspect 
Surface 

Expression 
Water Table 
depth (cm) 

LFH/O 
Depth (cm) 

A Horizon 
Depth (cm) 

A Horizon 
Texture1 

B Horizon 
Depth (cm) 

B Horizon 
Texture1 

BC/C Horizon 
Depth (cm) 

BC/C Horizon 
Texture1 

Peat Depth 
(cm) 

DT059 395884 6168005 HLYzz FI.M O - Level p - l 40 - - - - - 210 C 190 
DT060 396091 6167810 STPzz O.G L/O/M - Level P - l >100 10 7 C 40 HC 60 HC - 
DT061 396590 6161976 HZMaa GL.GL M 3 M I 280 u >100 9 10 L 48 SCL-CL 100 C - 
DT062 395214 6163648 HLY T.M O/M <1 Level VP - l 20 - - - - - 100 CL 60 
DT063 395753 6164071 HRR O.GL M 3 M MW 334 u >100 12 12 L 41 CL 55/100 C - 
DT064 396442 6164433 HZMaa GL.GL M 3 M I 270 u >100 12 7 L 19 CL-C 100 C - 
DT065 396615 6164754 HRRdk D.GL M 15 U MW 200 u >100 11 7 L 25 CL-C 100 C - 
DT066 395802 6164815 HRRdk D.GL M 3 M MW 80 u >100 13 10 L 29 C 100 C - 
DT067 395558 6164834 HZMaa GL.GL M 2 L I 270 u >100 15 9 cSCL 32 SiCL 100 C - 
DT068 397046 6164869 HZMaa GL.GL M 1 M I 270 u >100 14 11 L 42 CL 100 C - 
DT069 394131 6166364 STPzz O.LG M - Level P - l >100 10 10 L 30 CL 100 C - 
DT070 407805 6138941 STPpt ptO.G M 1.5 L P 225 u 30 20 - - 30 SCL 100 C - 
DT071 407511 6139117 STP O.G M <1 Level P - l 50 13 - - 17 SiCL 100 CL - 
DT072 407168 6139319 STPpt ptO.G M - Level P - l 0 18 - - 10 L-SiL 100 CL - 
DT073 406802 6139441 HZMaaxs GL.GL M 1 M I 270 l >100 12 11 L 36 CL 100 SCL-CL - 
DT074 406526 6139711 STP O.G M 0.5 L VP 180 u 20 10 - - 35 L-CL 100 C - 
DT075 406265 6139888 FIRxt E.DYB GF/M <1 Level MW 270 l >100 12 12 L 52 SL 100 C - 
DT076 406149 6139993 STPpt ptO.G M - D P - u 0 30 - - 20 L 90 C - 
DT077 405854 6140030 HZMdkaa GLD.GL M 1 M I 160 u >100 10 29 SiL 50 SiCL 100 SCL - 
DT078 405542 6140103 FIRglxt GLE.DYB GF/M 4 Level I - l >100 14 15 SL 47 LfS 100 SCL - 
DT079 405284 6140242 ZUNxt O.G GF/M 0.5 L P 270 u 80 2 - - 39 SL 49/100 SL/CL - 
DT080 405017 6140480 HRRdkxs D.GL M 1.5 U MW 315 u >100 13 10/22 L/SiL 55 SiCL 90/100 vfSL-vfSCL - 
DT081 404996 6140824 STPpt ptO.G M 2 L P 150 u >80 38/13 - - 15 SiCL 80 SiCL - 
DT082 405041 6141009 HZMaadkxs GLD.GL M 0.5 M I 360 u >100 13 9/25 L/vfSL 40 CL 100 vfSCL - 
DT083 405195 6141372 NAMabzzxt GLE.DYB F/M 1 L MW 324 u >100 14 20 vfSL 50 fSL 90/100 fSL/vfSCL - 
DT084 405200 6141797 FIRglxt GLE.DYB GF/M 1 M I 250 u >100 9 15 fSL 30 LfS 48/100 fSL/vfSCL - 
DT085 404898 6142015 HZMaa GL.GL M - Level I - l >100 17 16 L 58 SCL 100 fSCL - 
DT086 404711 6142215 FIRglxt GLE.DYB GF/M - Level I - l >100 10 7/19 SiCL/S 50 S 100 C - 
DT087 404373 6142766 STPpt ptO.G M - Level P - l 50 19 - - 12 L 100 CL - 
LW001 397245 6169976 HZMaa GL.GL M 1 M I 340 l >100 5 9 CL 30 CL 100 SCL - 
LW002   WNFgldk GLD.GL GF/M 1 Level I 15 l >100 11/7/4 9/16 SL/LS 61 SL 100 CL - 
LW003   LVKgldk GLD.GL GF/M <1 Level I - l >100 7/4 8/18 L/SiL 39 SiC 100 C - 
LW004   ELSpt ptR.G M <1 Level P - l >100 15 - - - - 31/100 SiCL/C - 
LW005   HRR O.GL M <1 Level MW - l >100 13/11/6 9 SiL 36 C 100 C - 
LW006   MLD2 TY.M O <1 Level VP - l 0 - - - - - 180+ C 180 
LW007 394998 6165425 MLD4zz FI.M O <1 Level VP - l 0 - - - - - - - 330+ 
LW008 394487 6165877 MUS2zz ME.H O <1 Level VP - l 50 - - - - - - - 160+ 
LW009 394244 6166053 STPpt ptO.G M <1 Level P - l 40 19 - - 18 SiCL 100 C - 
LW010 393760 6163840 GGG5 TY.F O <1 Level VP - l 0 - - - - - - - 420+ 
LW011 393745 6163172 GGG4 TY.F O <1 Level VP - l 0 - - - - - 340+ SiL 340 
LW012 393720 6162840 GGG4 TY.F O - Level VP - l 0 - - - - - 350 - 330 
LW013 393720 6162400 GGG3 TY.F O <1 Level VP - l 0 - - - - - - - 230+ 
LW014 393610 6161945 GGG3 TY.F O <1 Level VP - l 0 - - - - - - - 230+ 
LW015 393738 6161724 GGG4 TY.F O - Level VP - l 0 - - - - - - - 330+ 
LW016 394075 6162115 GGG5 TY.F O - Level VP - l 0 - - - - - - - 430+ 
LW017 395233 6163653 HLYzz T.H O/M <1 Level VP - l 70 - - - - - 100 SiC 70 
LW018 396225 6163025 HZMaapt ptGL.GL M 2 M I 260 u >100 31/6 2 SL 19 CL 100 CL - 
LW019 396710 6163010 HZMaa GL.GL M 2 U I 260 u >100 13/9/4 13 SiL 35 SiCL 100 C - 
LW020 397267 6163101 HLYzz T.H O/M <1 Level VP - l >100 - - - - - 100 C 61 
LW021 397019 6162242 STPpt ptO.G M 1 M I-P 270 u >100 27/16 - - 21 L 70/100 SCL/CL - 
LW022 396504 6162099 HRRpt ptO.GL M 4 M MW 260 u >100 19/16/3 10 SiL 31 L 100 CL - 
LW023 396307 6161502 MLDxtzz T.H O/M <1 Level P - l 90 - - - - - 90/100 CL/SCL 42 
LW024 395652 6161742 STPzz O.LG M 2 M I-P 256 l >100 12 3 SiL 36 SiCL 100 SiCL - 
LW025 395138 6161920 ELSpt ptR.G M <1 Level P - l 70 19/15 - - 9 SL 100 SiCL - 
LW026 394889 6161845 ELSpt ptR.G M <1 Level P - l 80 20/9 - - - - 100 CL - 
LW027 395703 6163389 HLYzz T.H O/M <1 Level I-P - l >100 - - - - - 71/100 SiCL/CL 41 
LW028 395740 6163672 ELSpt ptR.G M - Level P - l 100 29 - - - - 100 SCL - 
LW029 395773 6164390 STP O.G M 2 L I-P 280 u >100 11 - - 30 CL 100 C - 
LW030 395469 6164381 STPpt ptO.G M <1 Level I-P - l >100 21/19/15 - - 24 CL 100 C - 
LW031 395027 6164353 MRN1zz T.H O/M - Level VP - l 60 - - - - - 80 CL 50 
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TABLE 4A1-2  Cont'd 

Site ID Easting Northing Soil Series 
Soil Sub 

group Parent Material Slope (%) 
Slope 

Position Drainage Aspect 
Surface 

Expression 
Water Table 
depth (cm) 

LFH/O 
Depth (cm) 

A Horizon 
Depth (cm) 

A Horizon 
Texture1 

B Horizon 
Depth (cm) 

B Horizon 
Texture1 

BC/C Horizon 
Depth (cm) 

BC/C Horizon 
Texture1 

Peat Depth 
(cm) 

LW032 394999 6164159 MLDxtzz T.H O/M <1 Level VP - l 0 - - - - - 100 grCL 65 
LW033 396324 6163506 ELSpt ptR.G M 1 M I 285 u >100 38 - - - - 47/100 SiCL/SiC - 
LW034 396296 6163912 STPpt ptO.G M 1 M I-P 340 u >100 27/21 - - 28 CL 100 C - 
LW035 396579 6163398 HRR O.GL M 2 M MW 322 u >100 10/8/3 7 SL 13/36 L/SiCL 100 C - 
LW036 396966 6163685 HZMaapt ptGL.GL M 2 M I 308 u >100 17/13/7 5 SiL 34 CL 100 C - 
LW037 397167 6163843 STPpt ptO.G M 1 M I 350 u >100 28/16 - - 17 SiL 100 SiC - 
LW038 396860 6163969 HZMaa GL.GL M 3 U I 94 u >100 23/20 4 fSL 14/40 fSL/SiCL 100 SiC - 
LW039 396933 6164353 HZMaa GL.GL M 2 M I 280 u >100 14/11/4 5 fSL 31 CL 100 C - 
LW040 396577 6164054 STPzz O.LG M 1 L I 310 l >100 13 8 Fsl 29 C 100 C - 
LW041 395521 6165780 STPzz O.LG M 1 M P 280 u >100 5 4 SiL 33 CL 100 C - 
LW042 395846 6165899 MRN1 T.M O/M <1 Level VP - l 60 - - - - - 100 C 52 
LW043 395424 6166270 STP O.G M <1 Level I-P - l >100 4 - - 34 SCL 100 SCL - 
LW044 395282 6166385 ELSpt ptR.G M <1 Level P - l 90 38 - - - - 100 SCL - 
LW045 395072 6166087 MLDxt T.M O/M - Level VP - l 0 - - - - - - - 42+ 
LW046 395029 6166603 MLDytzz THU.M O/M <1 Level VP - l 0 - - - - - 130+ - 130 
LW047 394574 6166317 MUS4zz FI.M O - Level VP - l >100 - - - - - - - 330+ 
LW048 394480 6166961 MLD4 TY.M O - Level VP - l 0 - - - - - 350+ SiC 350 
LW049 395053 6166964 MUS2 TY.M O <1 Level VP - l 90 - - - - - 190+ SCL 190 
LW050 394247 6167366 MLDxtzz T.H O/M <1 Level VP - l 20 - - - - - 100 SCL 60 
LW051 394469 6167443 MUS1 TY.M O - Level VP - l 25 - - - - - -  220+ 
LW052 394190 6166424 STPzz O.LG M - Level I - l >100 7 6 SiL 36 SiCL 100 SiCL - 
LW053 394489 6167855 MLD3zz ME.H O <1 Level VP - l 10 - - - - - 220+ CL 220 
LW054 394266 6168085 MLDxsxt T.M O/GF/M <1 Level VP - l 20 - - - - - 90/120 LfS/CL 60 
LW055 393824 6168084 MLDys T.M O/GF <1 Level VP - l +10 - - - - - 122+ SL 122 
LW056 393750 6168413 MLD3 TY.M O <1 Level VP - l 0 - - - - - 210 C 180 
LW057 394503 6168222 MLDxtzz T.H O/M <1 Level VP - l 0 - - - - - 130 SCL 75 
LW058 395061 6168172 MLD3 TY.M O <1 Level VP - l 0 - - - - - 205+ - 205 
LW059 394298 6168609 MLD2zz TY.H O <1 Level VP - l 0 - - - - - 180+ - 180 
LW060 394513 6168617 MLDxszz T.H O/GF <1 Level VP - l 0 - - - - - 130+ LS 85 
LW061 394932 6169013 STPpt ptO.G M <1 Level P - l 60 30 - - 29 CL 100 C - 
LW062 395225 6168986 BMTpt ptO.G GF - Level P - l 70 16 12 S 35 S 80+ S - 
LW063 395830 6163951 FIRyt E.DYB GF/M 15 U MW 20 u >100 14 19 LS 45 LfS 105/120 LS/CL - 
SM001 397216 6169298 MRN1zz TME.F O/M - Level VP - l >100 - - - - - 100 C 80 
SM002 396962 6169270 STPpt ptO.G M - Level P - l 30 15 - - 35 cSL 100 C - 
SM003 396674 6169291 ELS R.G M 1 C P 172 l >100 9 - - - - 100 C - 
SM004 396426 6169061 ELSptxszz ptR.HG M/GF 2 M P 335 u >100 15 10 L - - 45/100 L/cS - 
SM005 395855 6169277 HZMaa GL.GL M 2 M I 250 u >100 8 8 SiL 17 CL 100 CL - 
SM006 395091 6169306 STP O.G M 2 M P 150 u >100 14 - - 12 CL 45/100 SL/C - 
SM007 395785 6165319 STP O.G M 8 M P 270 u >100 12 6 CL 19/28 SL 100 C - 
SM008 394309 6165651 MUSys T.M O/GF - Level VP - l >100 - - - - - 140+ SL 140 
SM009 393857 6165771 MLDxt T.M O/M - Level VP - l 5 - - - - - 100+ SCL 80 
SM010 394187 6165431 MLD3 TY.M O - Level VP - l 5 - - - - - 250+ SiC 250 
SM011 393908 6165285 MLDxt T.M O/M - Level VP - l 5 - - - - - 100 CL 60 
SM012 393722 6164963 STP O.G M 3 M P 290 u >100 11 - - 23 grL 100 CL - 
SM013 393874 6164880 MLDxt T.M O/M - Level VP - l 100 - - - - - 100 cSL 65+ 
SM014 393747 6164540 STP O.G M 2 L P 250 u 60 10 - - 26 SiL 75/100 CL/SCL - 
SM015 393964 6164496 MLD4 TY.M O - Level VP - l 5 - - - - - - - 320+ 
SM016 394162 6164876 MLD4zz FI.M O - Level VP - l 5 - - - - - - - 320+ 
SM017 394407 6164462 MLD4 TY.M O - Level VP - l 5 - - - - - - - 370+ 
SM018 394415 6164910 MLD5 TY.M O - Level VP - l 5 - - - - - - - 420+ 
SM019 394419 6165342 MLD4 TY.M O - Level VP - l 5 - - - - - 390+ SiC 390 
SM020 394518 6170364 MRN1zz T.H O/M - Level P - l 60 - - - - - 100 CL 60 
SM021 394550 6170087 MUS3 TY.M O - Level P - l 0 - - - - - 230+ CL 230 
SM022 394538 6169779 MLDxtzz TME.F O/M - Level P - l 5 - - - - - 100 CL 90 
SM023 393956 6170380 FIRxt E.DYB GF/M 6 M W 90 u >100 7 7 SL 48 LS 100 SCL - 
SM024 393979 6170060 HZMaa GL.GL M 2 M I 270 u >100 5 13 L 40 C 100 C - 
SM025 393902 6170027 MLD3zz FI.M O - Level VP - l 5 - - - - - 280+ SiCL 280 
SM026 394276 6169852 MLDxt T.M O/M - Level P - l 5 - - - - - 100+ SCL 60 
SM027 394152 6169635 MLDxt T.M O/M - Level VP - l 0 - - - - - 100+ CL 70 
SM028 393811 6169334 MLDxt T.M O/M - Level VP - l 5 - - - - - 100 SiC 45 
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SM029 394272 6169297 STPpt ptO.G M 3 M P 45 u 50 19 - - 50 SCL 100 C - 
SM030 395120 6169992 MUS4zz FI.M O - Level VP - l 5 - - - - - - - 320+ 
SM031 394500 6169147 HZMaa GL.GL M 2 M I 15 u >100 8 8 CL 54 CL 100 C - 
SM032 394165 6169160 STP O.G M 2 L P 50 u 80 8 7 CL 24 CL 100 C - 
SM033 395892 6164955 HZMaa GL.GL M 4 U I 110 u >100 9 8 SiL 52 C 100 C - 
SM034 395859 6164770 STP O.G M - Level P - l 20 7  - 40 CL 100 C - 
SM035 397487 6163991 STPpt ptO.G M 3 M P 240 u >100 28 8 L 32 CL 100 CL - 
SM036 397863 6163974 HRR O.GL M 4 M W 185 u >100 7 8 SiL 46 CL 100 CL - 
SM037 398234 6163980 STPpt ptO.G M 4 M P 40 u 80 22 - - 33 CL 100 C - 
SM038 398635 6163910 ELSzz R.HG M 6 M P 40 u >100 11 20 L - - 100 CL - 
SM039 398769 6163586 HZMaa GL.GL M 2 M I 335 u >100 10 12 SiL 28 CL 70/100 C/fSL - 
SM040 398934 6163137 STPzz O.LG M 3 M P 45 u >100 6 15 L 48 CL 100 C - 
SM041 398979 6162730 HZMaa GL.GL M 2 M I 40 u >100 7 9 SiL 40 CL 100 C - 
SM042 399083 6162409 STP O.G M 2 M P 195 u >100 6 5 SiCL 29 LS 100 C - 
SM043 399187 6162145 HRR O.GL M 2 M MW 240 u >100 6 5 SiL 32 LS 100 C - 
SM044 399392 6161779 STP O.G M 3 M P 165 u >100 6 5 CL 42 CL 100 CL - 
SM045 399486 6161360 STP O.G M 2 M P 120 u >100 8 - - 40 CL 100 C - 
SM046 399562 6160982 HZMaa GL.GL M 3 M I 45 u >100 5 5 L 52 SiCL 100 C - 
SM047 399842 6160726 HRR O.GL M 5 U W 340 u >100 6 9 SiL 45 CL 70/100 CL/SL - 
SM048 399963 6160333 HZMaa GL.GL M 2 M I 165 u >100 8 5 L 36 CL 100 C - 
SM049 400136 6159976 HRR O.GL M 3 M MW 170 u >100 9 12 SiL 55 CL 100 CL - 
SM050 400287 6159643 HRR O.GL M 8 M MW 120 u >100 5 9 fSL 45 CL 100 CL - 
SM051 400497 6159323 MLDxt T.M O/M 6 D VP 120 u 40 - - - - - 100 LS 60 
SM052 400685 6159082 STP O.G M 2 M P 220 u >100 6 8/20 L/SiL 36 SiL 100 C - 
SM053 400601 6158691 HRR O.GL M 5 M MW 30 u >100 5 11 L 36 CL 55/100 CL - 
SM054 400479 6158525 STP O.G M 3 M P 170 u >100 9 - - 10/18 L 100 CL - 
SM055 400536 6158151 STPpt ptO.G M 4 M P 195 u >100 19 - - 49 SiL 100 C - 
SM056 400400 6157803 STP O.G M 2 M P 60 u >100 9 8 LS 28 LS 40/100 S/SCL - 
SM057 400501 6157356 STP O.G M 2 M P 180 u >100 6 11 CL 29 SiL 100 CL - 
SM058 400553 6156945 STP O.G M 2 M P 185 u >100 9 4 fSL 25 fSL 100 CL - 
SM059 400593 6156613 STP O.G M 2 M P 160 u >100 6 15 SiL 38 SiCL 100 C - 
SM060 400543 6156183 HRR O.GL M 4 M MW 245 u >100 8 6 SiL 44 SiL 100 SCL - 
SM061 400577 6155880 STP O.G M 2 D P 240 u 80 4 - - 39 SiCL 100 L - 
SM062 400627 6155528 HZMaa GL.GL M 2 M I 220 u >100 10 4 L 24/40 SiL/CL 100 SCL - 
SM063 400976 6154239 STP O.G M 3 M P 95 u >100 9 - - 50 SiL 100 SiL - 
SM064 401185 6154039 STP O.G M 2 L P 145 u >100 9 - - 15 SiL 100 SiCL - 
SM065 401218 6153696 STP O.G M 2 M P 40 u >100 8 4 SiL 40 SiCL 70 CL - 
SM067 401452 6153351 ELSpt ptR.G M 2 L P 325 u 35 26 - - - - 100 L - 
SM068 401698 6153172 STP O.G M 2 M P 58 u >100 9 12 SiL 30 SiL 100 CL - 
SM069 401864 6152900 MLD2zz FI.M O - Level VP - l 5 - - - - - 170+ CL 170 
SM070 401923 6152600 HZMaa GL.GL M 3 M I 300 u >100 5 11 L 37 L 100 CL - 
SM071 400686 6155166 HRR O.GL M 3 U MW 320 u >100 6 4 SiL 18/45 SiL/CL 100 SCL - 
SM072 400747 6154810 STPpt ptO.G M 2 L P 180 u 50 17 - - 36 SiL 100 SCL - 
SM073 400893 6154548 HZMaa GL.GL M 2 L MW 40 u >100 10 6 L 35 SCL 100 SCL - 
SM074 401983 6152331 MRN TFI.M O/M - Level VP - l 60 - - - - - 90+ CL 90 
SM075 402112 6151978 STP O.G M 2 M P 90 u >100 9 13 SiL 35 CL 100 CL - 
SM076 402055 6151628 STPpt ptO.G M 3 M P 160 u 80 15 - - 48 SiL 100 SL - 
SM077 402033 6151305 STPpt ptO.G M 2 M P 150 u >100 16 10 SL 42 L 70/100 SCL/CL - 
SM078 401999 6151014 STP O.G M 1 M P 275 l >100 8 7 SiL 32 SiL 100 CL - 
SM079 402089 6150674 STP O.G M - Level P - l >100 8 8 SiL 35 SCL 100 SCL - 
SM080 402224 6150346 STP O.G M 2 M P 290 u >100 9 - - 43 SiL 100 CL - 
SM081 402222 6149977 STP O.G M 2 M P 200 u >100 7 7 SiL 35 L 100 SCL - 
SM082 402246 6149647 STP O.G M 1 L P 120 l >100 4 - - 12/38 SiL/CL 100 CL - 
SM083a 402428 6148566 ELSptzz ptR.HG M - Level P - l >100 25 20 CL - - 100 C - 
SM083b 394981 6162783 STP O.G M 3 M P 350 u >100 8 - - 35 CL 100 CL - 
SM084 394331 6163862 GGG5 TY.F O - Level VP - l >100 - - - - - - - 420+ 
SM085 394458 6163615 GGG4 TY.F O - Level VP - l 20 - - - - - - - 320+ 
SM086 394834 6163410 GGG4 TY.F O - Level VP - l >100 - - - - - - - 320+ 
SM087 394672 6163189 MLD3zz FI.M O - Level VP - l 5 - - - - - - - 250+ 
SM088 394485 6162960 MLD4 TY.M O - Level VP - l 10 - - - - - - - 320+ 
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SM089 393750 6161901 GGG4 TY.F O - Level VP - l 25 - - - - - - - 320+ 
SM090 394532 6161965 MLD4 TY.M O - Level VP - l 20 - - - - - - - 320+ 
SM091 394868 6162116 HZMaaxs GL.GL M/GF 2 M I 320 u >100 13 6 L 45 SCL 100 cS - 
SM092 402138 6149195 STP O.G M - Level P - l >100 9 - - 30 SiL 100 CL - 
SM093 402635 6148307 STP O.G M - Level VP - l 70 8 - - 60 L 100 SL - 
SM094 402734 6147840 STP O.G M - Level P - l >100 10 - - 38 CL 100 CL - 
SM095 403008 6147455 STP O.G M 2 M P 260 u >100 14 - - 32 SiL 100 CL - 
SM096 403257 6147085 STPpt ptO.G M 2 L P 340 u >100 20 - - 30 CL 100 CL - 
SM097 403410 6146648 STPpt ptO.G M 2 M P 50 u >100 20 - - 32 SiL 100 CL - 
SM098 403574 6146297 STP O.G M 2 M P 160 u >100 12 - - 35 CL 100 CL - 
SM099 403678 6145727 HZMaa GL.GL M 2 M I 75 u >100 12 5 SiCL 40 SiL 100 SCL - 
SM100 403680 6145280 HZMaa GL.GL M 3 M I 190 u >100 14 4 L 45 CL 100 CL - 
SM101 403830 6144938 STPpt ptO.G M 2 M P 260 u >100 18 - - 41 CL 100 CL - 
SM102 403911 6144548 STP O.G M 2 M P 295 u >100 12 - - 35 CL 100 CL - 
SM103 404032 6144158 STPzz O.HG M 3 M P 190 u >100 11 13 SiCL 46 CL 100 CL - 
SM104 404263 6143734 STPptzz ptO.HG M 2 M P 240 u >100 25 25 SiCL 55 CL 100 C - 
SM105 404315 6143431 STP O.G M 1 M P 65 u >100 12 - - 22 SCL 32/100 S/CL - 
SM106 404347 6142931 ELSzz R.HG M - Level P - l 15 12 18 CL - - 100 CL - 
KV202 398075 6173188 HRR O.GL M 2 U MW - u >100 9 12 SiL 33 SiCL 15/40 SiCL/CL - 
KV203 397989 6172746 HRR O.GL M 1 M MW 230 u >100 11 12/18 SL/SCL 40 SiCL 30 CL - 
KV204 396727 6172748 STPptzz ptO.G M 4 L I - u seepage @ 20 23 - - 35 SiCL 65 CL 23 
KV205 396760 6172646 STPptzz ptO.G M - D/Level I - l seepage @ 0 25 - - 35 SiCL 65 C 25 
KV206 396813 6172379 HRR O.GL M 5 M W 365 u >100 10 11 SiL 44 SiCL 45 CL - 
KV207 396564 6172775 STPptzz ptO.G M - D P - u 20 10 - - 30 SiCL 70 SiC 10 
KV208 396259 6172380 STPptzz ptO.G M 2 U I 276 u 80 30 - - 60 SCL 20 CL 30 
KV209 398300 6172784 HRR O.GL M 5 U W 90 u >100 15 11 SiL 44 SiCL 45 CL - 
KV210 398060 6172239 HRR O.GL M - Level MW - l >100 21 23 SiL 22 SiCL 50 CL - 
KV211 397612 6172537 STPptzz ptO.G M 2 M I 281 u 40 15 4 SiCL 31 CL 65 SCL 15 
KV212 397444 6172613 MRN T.M O/M - Level VP - u 10 75 - - - - 25 SiCL 75 
KV213 397586 6172206 HZMaa GL.GL M 2 M I 280 u >100 10 12 SiL 38 SiCL 25/25 CL/SL - 
KV214 397789 6172070 STPzz O.LG M - Level I - u >100 14 - - 41 SiC 59 C - 
KV215 398012 6170978 HZMdkaa GLD.GL M - U I - u >100 15 8 SiCL 42 SiCL 50 C - 
KV216 397749 6170770 LVK O.GL GF/M 1 M MW 340 u >100 14 11 L 44 SCL 45 C - 
KV217 397528 6170878 HZMaa GL.GL M - M I - u >100 14 5 SL 52 SCL 43 SCL - 
KV218 396820 6170781 MRN T.M O/M - Level P - l >100 43 - - 47 SL 10 SCL 43 
KV219 397139 6172430 HRR O.GL M 2 M MW 200 u >100 10 7 L 38 SiCL 55 C 10 
KV220 397889 6171362 HZMptaa ptGL.GL M 2 Level I 282 u >100 16 6 SiCL 28 CL 66 C - 
KV221 397680 6170545 HZMdkaa GL.DCL M 2 L I 15 u >100 9 7 SL 43 CSCL 50 CL - 
KV222 398060 6170526 STPptzz ptO.G M - Level P - l 20 35 - - 10 SiCL 90 CL 35 
KV223 397241 6170636 HZMaa GL.GL M - L I - u >100 8 6 SCL 49 C 45 C - 
KV224 396678 6170470 HZMaa GL.GL M - Level I - l >100 6 10 SL 36 SCL 54 C - 
KV225 396968 6170149 NS2gl GL.GL GF/M - D I - u 65 6 7 LcS 53 LcS 40 CL - 
KV226 397154 6169725 LVK O.GL GF/M 2 L MW 98 u seepage at 40 13 11 L 39 SiCL 45 CL - 
KV227 397732 6170040 HRRdk O.DGL M 2 M MW 17 u >100 12 11 SCL 39 CL 50 C - 
KV228 397597 6169703 HZMaa GL.GL M 1 M I 120 u seepage at 45 10 9 cSL 30 cSCL 69 SCL - 
KV229 398420 6169668 HZMaa GL.GL M - L I - u 80 8 7 SCL 50 SiL 43 CL - 
KV230 393411 6169320 STPptzz ptO.G M - Level I - l 30 35 - - 40 SiCL 60 SiCL 35 
KV231 393166 6169382 MLD3 HU.M O - D VP - l 0 290 - - - - 30 SiCL 290 
KV232 398129 6167106 HRRdkpt ptD.GL M 2 M MW 250 u 70 17 14 L 21 SiL 65 SiL - 
KV233 397610 6167329 HRRdkpt ptD.GL M 2 M MW 354 u >100 17 9 CL 36 SiCL 55 SiC - 
KV234 397876 6167403 HRR O.GL GF/M 3 M W 305 u >100 10 14 L 31 L 55 SiCL - 
KV235 397452 6167995 LVK O.GL GF/M 4 M W 260 u >100 9 10 SL 40 SL 50 SCL - 
KV236 397854 6168848 HZMaa GL.GL M 2 U I 355 u seepage at 34 7 20 SiL 18 SiCL 62 SiCL - 
KV237 398382 6169184 SUT E.DYB GF/M 2 U W 85 u >100 6 10 L 29 cSL 61 C - 
KV238 398574 6167606 HZMaa GL.GL M 2 M I 165 u >100 8 22 SiCL 28 CL 50 C - 
KV239 398435 6168335 HZMaa GL.GL M - M I - u >100 11 12 L 26 SCL 62 C - 
KV240 398844 6168737 HZMaa GL.GL M - Level I - l 50 6 15 L 24 SiL 61 SiCL - 
KV241 399108 6169168 HZMaa GL.GL M 2 L I 205 u >100 12 12 L 43 L 45 C - 
KV242 399472 6169459 MRN T.M O/M - Level P - l 35 105 - - - - 115 SCL 105 
KV243 399884 6169608 MLD3 TY.M O - D P - b/f 10 250 - - - - 30 C 250 
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KV244 399578 6168850 MUS4 TY.M O - Level P - l 20 315 - - - - 30 SiCL 315 
KV245 392828 6162196 MRNzz T.F O/M - Level P - l 55 68 - - - - 32 SiCL 68 
KV246 393222 6162126 STPptzz ptO.LG M 2 L P 90 u 80 25 8 SiCL 22 CL 70 C 25 
KV247 392346 6162100 ELSpt ptR.HG M - Level I - l 40 34 21 SL - - 79 SiCL 34 
KV248 392001 6161861 STPptzz ptO.G M 5 M I 350 u 20 17 - - 35 SCL 65 CL - 
KV249 391751 6162031 MRN T.M O/M - Level P - l 10 60 - - - - 40 SiCL 60 
KV250 391357 6161970 HRRdk O.DGL M 2 M MW 310 u 50 15 10 SiL 40 CL 50 CL - 
KV251 391306 6162316 MRN T.M O/M 2 D VP 345 u 10 65 - - - - 45 L 65 
KV252 391416 6162697 HZMaa GL.GL M 2 M I 240 u 30 10 10 L 33 L 37/40 CL/SCL - 
KV253 391615 6162463 MUS3 TY.M O - Level VP - l 55 255 - - - - 15/30 CL/SCL 255 
KV254 391939 6162701 HRR O.GL M 3 M W 85 u >120 8 9 SL 46/15 SCL/SL 25/25 C/SL - 
KV255 391943 6162729 FIR E.DYB GF 3 U W 85 u >100 8 10 LS 65 SL 25 SL - 
KV256 392426 6162889 HZMaa GL.GL M 2 M MW 355 u seepage at 90 12 16 SCL 19 SCL 25/40 CL/C - 
KV257 397786 6165423 HRR O.GL M 2 M MW 395 u >100 6 12 L 23 SiCL 65 C - 
KV258 397595 6165394 HRR O.GL M 4 M MW 350 u >100 12 7 L 38 C 55 C - 
KV259 397408 6165411 HRR O.GL M 2 M MW 250 u >100 9 19 SiL 23 C 58 C - 
KV260 397214 6165404 HZMaa GL.GL M 3 M I 310 u 50 9 12 L 38 CL 50 CL - 
KV261 396948 6165408 HZMaa GL.GL M 2 M I 350 u 40 14 8 SiCL 32 CL 60 C - 
KV262 396728 6165508 HZMaa GL.GL M 2 M I 315 u >100 12 6 L 37 SiCL 57 C - 
KV263 396535 6165500 HZMaa GL.GL M 5 L I 290 u seepage at 40 9 17 SiL 30 CL 53 C - 
KV264 396350 6165441 HLY T.M O/M - L P - u 40 40 - - - - 35/25 C 40 
KV265 396134 6165429 HZMaa GL.GL M 2 U I 280 u >100 8 12 SCL 38 SCL 25/25 C - 
KV266 395995 6165389 HZMaa GL.GL M 2 M I 280 u 35 12 12 SL 38 C 40/10 SC/SCL - 
KV267 395809 6165024 WNF O.GL GF/M 1 U MW 355 u >100 8 11 cSL 26 cSL 63 C - 
KV268 395805 6164846 HRR O.GL M 3 M MW 90 u >100 4 13 L 32 CL 55 C - 
KV269 395780 6164655 HZMdkaa GLD.GL M 2 D I 170 u 30 9 12 SiL 23 SiCL 65 SiCL - 
KV270 398623 6164059 HRR O.GL M 2 M MW 260 u >100 12 5 L 33 CL 62 CL - 
KV271 398450 6164240 HRRdk D.GL M 5 M MW 76 u >100 6 6 SiL 33 L 61 C - 
KV272 398340 6164417 HRR O.GL M 3 L MW 90 u >100 6 7 L 30 SiCL 63 C - 
KV273 398302 6164606 HRRdk D.GL M 3 M MW 45 u >100 8 7/5 L/SiL 30 SL 58 C - 
KV274 398178 6164769 LVKdk D.GL GF/M 2 U MW 85 u >100 5 6/11 L 13 SL 20/45 L/C - 
KV275 398210 6164989 HZMaa GL.GL M 4 M I 70 u >100 10 9 L 31 SCL 60 C - 
KV276 398213 6165176 HZMaa GL.GL M 2 L I 40 u >100 7 9 SiCL 34 CL 77 C - 
KV277 398181 6165416 HRRdk D.GL M 5 L MW 85 u >100 9 5 L 36 SiL 10/49 SL/C - 
KV278 398004 6165421 HRRdk D.GL M 2 M MW 355 u >100 8 9 L 26 CL 65 C - 
SM201 398352 6171951 HZMaa GL.GL M 2 M I 320 u >100 12 12 L 38 L 50 CL - 
SM202 398374 6172056 HRR O.GL M 4 M MW 160 u/r >100 8 10 SiCL 25 CL 15/30 CL/SCL - 
SM203 398029 6171594 ELSpt ptR.HG M <1 Level P - l 30 15 20 L - - 80 CL 15 
SM204 398463 6170027 HZMaa GL.GL M 2 M I 290 u >100 11 12 L 48 SiCL 40 SiCL - 
SM205 398886 6169624 HZMaa GL.GL M 3 M I 300 u >100 8 15 SiL 14 SiL   - 
SM206 398446 6170360 HZMaa GL.GL M 2 M I 350 u >100 6 7 L 39 CL 54 SCL - 
SM207 398475 6170682 HLY T.M O/M - Level VP - l 30 42 - - - - 58 CL 42 
SM208 398798 6170727 ELS R.HG M 1 M P 300 u >100 6 16 SiL - - 84 CL 6 
SM209 398839 6171237 ELSpt ptR.G M - Level P - l 18 20 - - - - 100 CL 20 
SM210 399059 6171625 ELSpt ptR.G M - Level P - l 0 20 - - - - 100 L 20 
SM211 399027 6171686 ELSpt ptR.G M - Level VP - l 0 40 - - - - 100 L 40 
SM212 398898 6171935 HZMaa GL.GL M 2 M I 80 u >100 10 8 L 42 L 50 CL - 
SM213 398791 6171949 HZMaa GL.GL M 3 M I 280 u >100 8 8 SiL 37 CL 55 SL - 
SM214 398624 6172065 HZMaa GL.GL M 2 M I 60 u >100 5 10 L 35 SiCL 55 CL - 
SM215 398944 6173171 ALG O.LG GL 1 M I 270 u >100 5 14 CL 41 CL 45 C - 
SM216 398957 6173322 ALGzz R.G GL - Level P - l 0 50 - - - - 100 C 50 
SM217 399094 6172712 HZMaadk GLD.GL M 1 M I 290 u >100 4 15 L 35 SiCL 50 CL - 
SM218 399135 6172294 HZMaa GL.GL M 1 L I 90 u >100 8 11 L 44 CL 45 C - 
SM219 399191 6172170 ELS R.G M - Level P - l 0 5 - - - - 100 SiC 5 
SM220 400050 6170678 ELS R.G M - Level I - l 30 5 - - - - 100 C 5 
SM221 400352 6170248 ELSpt ptR.G M 2 L I 300 u - 20 - - - - 100 C 20 
SM222 400458 6169861 STP O.G M 2 M I 350 u >100 7 - - 35 SiL 65 CL - 
SM223 400410 6169512 FIRglxt GLE.EB GF/M 2 M I 310 u >100 5 8 vfSL 37 vfSL 30/25 S/SCL - 
SM224 400295 6168660 ELSpt ptR.G M 2 M P 290 u >100 20 - - - - 100 CL 20 
SM225 399953 6168987 MLD2 TY.M O - Level VP - l 30 160 - - - - 40 SCL 160 
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Site ID Easting Northing Soil Series 
Soil Sub 

group Parent Material Slope (%) 
Slope 

Position Drainage Aspect 
Surface 

Expression 
Water Table 
depth (cm) 

LFH/O 
Depth (cm) 

A Horizon 
Depth (cm) 

A Horizon 
Texture1 

B Horizon 
Depth (cm) 

B Horizon 
Texture1 

BC/C Horizon 
Depth (cm) 

BC/C Horizon 
Texture1 

Peat Depth 
(cm) 

SM226 399440 6169384 HLY T.M O/M - Level VP - l 40 70 - - - - 30 C 70 
SM228 399332 6172024 STP O.G M - L P - l 20 5 - - 20 SiL 80 CL 5 
SM229 399538 6172376 HZMdkaa GLD.GL M 1 M I 90 u 71 9 11 SiL 44 CL 45 SCL - 
SM230 399600 6172597 HLY T.M O/M 2 U VP 10 u 50 45 - - - - 55 SiCL 45 
SM231 399744 6172765 HZMaa GL.GL M 2 M I 250 u - 8 21 Si 31 SiL 48/10 SiL/SL - 
SM232 399501 6172975 STP O.G M 2 M P 310 u >100 5 - - 40 CL 60 SiCL - 
SM233 399820 6173333 HRR O.GL M 4 U MW 50 u >100 10 9 L 54 CL 47 CL - 
SM234 399861 6173185 HRR O.GL M 2 M W 220 u >100 9 10 L 35 SiCL 55 CL - 
SM235 399835 6173050 HRR O.GL M 2 U W 40 u >100 9 6 L 38 SiCL 66 CL - 
SM236 399962 6172356 DL DL M 2 M I 30 u >100 4/5 10 SiL 18/7 SL/CL 60 SiCL - 
SM237 400231 6172103 HZMaa GL.GL M 4 U I 90 u/r >100 6 14 SiL 32 SiCL 54 SiCL - 
SM238 400264 6171882 HRR O.GL M 2 M MW 45 u >100 7 12 SiL 58 L 30 CL - 
SM239 400221 6171645 STPptzz ptO.G M 2 L P 20 u >100 15 - - 70 CL 40 SCL 15 
SM240 400024 6171713 HLYzz T.M O/M - Level VP - l 30 55 - - - - 45 cS 55 
SM241 399906 6171749 STP O.G M 4 M P 270 u 20 10 - - 40 SL 60 CL 10 
SM242 399700 6171744 STP O.G M 2 M P 25 u 30 8 8 L 47 CL 45 CL - 
SM243 399439 6170285 STPptzz ptO.G M - Level P - l 0 20 - - 40 SCL 60 SiCL 20 
SM244 399553 6170599 STP O.G M - Level P - l 10 10 - - 35 SiCL 65 CL 10 
SM245 399583 6170816 ELS R.G M - Level P - l 0 - 5 SiL - - 95 SiCL - 
SM246 399328 6170722 SUT E.EB GF 2 M W 10 u >50 9 10 cS 40 cS - - - 
SM247 398957 6169974 STP O.G M 2 L I 340 u 28 8 - - 27 SiL 65 cS - 
SM248 399695 6168475 ABN TY.M O - Level VP - l 30 470 - - - - - - 470 
SM249 399438 6168274 MUS4 TY.M O - Level VP - l 20 320 - - - - - - 320 
SM250 399096 6168372 MRNzz T.F O/M - Level VP - l 10 100 - - - - - - 100 
SM251 399129 6168161 MLD3 TY.M O - Level VP - l 10 270 - - - - 30 CL 270 
SM252 393065 6163479 MRNzz THU.F O/M - Level VP - l 75 100 - - - - (100+) C 100 
SM253 393340 6163466 MRNzz T.F O/M - Level VP - l >100 50 - - - - 50 LS 50 
SM254 392836 6162910 MRNzz TME.F O/M - Level VP - l >100 130 - - - - (130+) SCL 130 
SM255 393161 6162934 MRNzz T.F O/M - Level VP - l 60 50 - - - - 50 CL 50 
SM256 393232 6163104 MRNzz T.F O/M - Level VP - l 10 120 - - - - (120+) CL 120 
SM257 392288 6163072 STP O.G M 2 M I 24 u 30 7 - - 33 SiL 35/32 LS/SL - 
SM258 392134 6163053 STP O.G M 3 M I 320 u 20 10 4 L 41 SiL 55 C - 
SM259 392021 6163053 MLDxtzz T.F O/M - Level VP - l >100 100 - - - - (100+) SCL 100 
SM260 391715 6163633 ELSpt ptR.G M - Level P - l 25 35 - - - - 100 CL 35 
SM261 391524 6163641 MLDytzz FI.M O - Level VP - l 0 170 - - - - (170+) SiC 170 
SM262 391154 6163355 STPptzz ptO.G M 3 M I 210 u 30 22 6 SiC 24 C 70 SL - 
SM263 391030 6163759 STP O.G M 2 M I 280 u 10 14 4 L 36 SiCL 60 C - 
SM264 391035 6164609 ALGzz O.G GL 2 M P 280 u 0 12 - - 40 C 60 C 12 
SM265 391338 6164738 STPzz O.LG M 2 L I 70 u 50 8 7 SiL 36 SiCL 57 SiCL - 
SM266 391439 6164680 MUSytzz FI.M O - Level VP - l >100 170 - - - - (170+) SCL 170 
SM267 391606 6164667 HZMaa GL.GL M 2 M I 200 u 20 16 6 SL 24 CL 35/35 SCL/SL - 
SM268 391765 6164627 ELSpt ptR.G M - Level VP - l 50 45 - - - - 100 C 45 
SM269 391494 6164365 HLYzz T.F O/M - Level VP - l 90 65 - - - - 15/(100+) C 65 
SM270 391484 6164093 MLDxczz T.F O/GL - Level VP - l 10 80 - - - - 20 C 80 
SM271 391178 6164249 ELS R.G M - Level I - l 5 12 - - 48 SCL 52 C 12 
SM272 391389 6163626 FIRgl GLE.EB GL 4 M MW 45 u >100 11 8 SiL 30 SiL 62 SiL - 
SM273 392370 6163442 HLY T.M O/M - Level VP - l >100 45 - - - - 15/40 S/CL 45 
BA201 396516 6171517 STPptzz ptO.LG M 1 Level I - u seepage at 42 15 15 L 50 SiCL 35 SCL - 
BA2002 396594 6171885 MUSxc T.M O/GL - Level P - l 20 100 - - - - 10 SiCL 100 
BA2003 396493 6172051 HZMaa GL.GL M - Level I - u 80 11 5 SiL 47 SiCL 45 L/CL 11 
BA2004 396525 6172177 STPptzz pt O.G M - Level I - l 50 40 - - (55+) CL 45 CL 40 
BA2005 397006 6172108 ELSpt pt.R.G M - Level I - l 10 30 - - - - 100 CL 30 
BA2006 396938 6172073 MRN T.M O/M - Level l - l 0 45 - - - - 55 CL 45 
BA2007 396912 6171904 HZMaapt ptGL.GL M - Level I - l >100 20 7 L 45 CL 48 CL - 
BA2008 397140 6172093 WNFdkgl GLD.GL GF/M 2 U I 300 u >100 7 7 L 63 SiL 20/10 LS/CL - 
BA2009 396242 6171881 HZMaa GL.GL M - Level I - l >100 12 10 L 42 SCL 48 SCL - 
BA2010 397216 6171754 HZMaa GL.GL M 2 M I 170 u >100 13 10 LS 45 SL 40/(95+) SCL - 
BA2011 397460 6171619 ELSpt pt.R.G M - Level P - l 50 20 - - 32 CL 68 C - 
BA2012 397164 6171207 HZMaa GL.GL M 2 M I 200 u >100 7 7 SL 53 SCL 25/15 CL - 
BA2013 396418 6171526 HRR O.GL M 2 M MW 300 u >100 8 8 L 43 CL 50 CL - 



BlackPearl Resources Inc.  Terrain and Soils Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 – Appendix 4A 

 

 
   

Page 4A-55 
 
 

TABLE 4A1-2  Cont'd 

Site ID Easting Northing Soil Series 
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depth (cm) 
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Depth (cm) 

A Horizon 
Depth (cm) 

A Horizon 
Texture1 

B Horizon 
Depth (cm) 

B Horizon 
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BC/C Horizon 
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BC/C Horizon 
Texture1 
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(cm) 

BA2014 396632 6171263 STPptzz ptO.LG M - Level I - l 30 15 - - 50 L 50 CL - 
BA2015 396477 6171225 HZMdkaa GLD.GL M - Level I - l 30 17 6 L 28 L 17/49 SL/SCL - 
BA2016 396514 6170902 STPzz O.LG M - Level I - l >100 10 7 L 42 SCL 51 CL - 
BA2017 396354 6170759 STPzz O.LG M 2 L I 310 u 30 14 9 L 16 L 10/63 CL - 
BA2018 396021 6170845 HZMaa GL.GL M - Level I - l >100 10 7 SiL 52 SCL 41 C 10 
BA2019 395997 6171028 STPptzz ptO.G M - Level P - l 44 30 9 L 40 SL 51 SCL 30 
BA2020 395848 6170785 MUS3 TY.M O - Level VP - l >100 220 - - - - (220+) SiCL 220 
BA2021 395711 6170791 MLDyt T.M O/GL - Level VP - l 0 120 - - - - (120+) SiCL 120 
BA2022 392931 6170869 LVK O.GL GF/M 2 M W 260 u >100 4 17 L 63 SL 10/(90+) LS/SCL - 
BA2023 393113 6171215 MLDxlzz TFI.M O/GL - Level VP - l >100 130 - - - - (130+) CL 130 
BA2024 393266 6170859 HRR O.GL M 3 M W 270 u >100 11 9 SL 36 L 55 SCL - 
BA2025 393637 6170903 HZMaa GL.GL M 5 M I 90 u >100 9 15 L 30 SiCL 55 CL - 
BA2026 394074 6170696 MLDxt T.M O/M - Level VP - l 0 42 - - - - 58 CL 42 
BA2027 394268 6170558 ALGzz O.G GL 2 M VP 290 u 13 10 - - 50 CL 50 CL - 
BA2028 394572 6170776 MLD TY.M O - Level VP - l 0 230 - - - - 230+ SiCL 230 
BA2029 394573 6171054 MLDxc T.M O/GL - Level P - l 20 120 - - - - (120+) SiL 120 
BA2030 395092 6170794 MLD3 TY.M O - Level VP - l 120 320+ - - - - - - 320 
BA2031 395230 6171095 MLDxczz TME.F O/GL - Level VP - l 10 80 - - - - 20 SiCL 80 
BA2032 395633 6170342 MLDxczz T.F O/GL - Level P - l >100 110 - - - - (110+) SiCL 110 
BA2033 395804 6170366 MUSxczz T.F O/GL - Level P - l >100 90 - - - - (90+) L 90 
BA2034 396071 6169629 HZMptaa ptGL.GL M - Level I - l 0 25 15 L 50 SCL 15/20 LS/SCL 25 
BA2035 393088 6169712 MLDxc T.M O/GL - Level VP - l 0 60 - - - - (60+) CL 60 
BA2036 393449 6170054 MLD2 TY.M O - Level VP - l 0 180 - - - - (180+) SiCL 180 
BA2037 393168 6170134 MLD2 TY.M O - Level VP - l 0 190 - - - - (190+) CL 190 
BA2038 393576 6169967 MLD4 TY.M O - Level VP - l 0 310 - - - - (310+) CL 310 
BA2039 392922 6169410 MLD2zz TY.H O - Level VP - l 0 170 - - - - (170+) SiCL 170 
BA2040 392798 6169389 HZM GL.GL M - Level I - l 30 16 6 SiL 46 SiCL 48 fSCL - 
BA2041 392798 6168996 HZMaa GL.GL M 2 L I 360 u >100 10 3 L 66 SiL 31 CL - 
BA2042 392927 6169184 MLD2zz FI.M O - Level VP - l -30 160 - - - - (165+) SiCL 165 
BA2043 392800 6168161 STPzz O.LG M 2 M P 20 u 35 9 9 L 23 SCL 15/(47+) LS/SCL - 
BA2044 393292 6168464 MLDxc T.M O/GL - Level VP - l 0 100 - - - - (100+) C 100 
BA2045 393174 6168062 MLDxczz T.F O/M - Level VP - l 0 80 - - - - (80+) CL 80 
BA2046 393140 6167592 MRNzz T.F O/M - Level VP - l 20 90 - - - - (90+) SCL 90 
BA2047 393123 6167126 STPptzz ptO.LG M - Level P - l 30 16 6 L 34 SCL 10/(50+) LS/SCL - 
BA2048 393056 6166466 HZMaa GL.GL M - Level I - l 60 14 9 LS 48 SL (57+) SCL - 
BA2049 394193 6167232 MLD2zz ME.H O - Level VP - l 0 165 - - - - (165+) SiCL 165 
BA2050 392752 6166019 MUSxc TME.F O/GL - Level VP - l 0 80 - - - - (90+) CL 80 
BA2051 392493 6166076 STPptzz ptO.LG M 1 U I 243 u 40 20 6 SiL 46 SL 23/(75+) SCL/CL - 
BA2052 391975 6165942 STPptzz ptO.LG M - Level P - l 0 30 6 LS 64 SCL 40 LS 30 
BA2053 391368 6165993 HRR O.GL M 5 M MW 300 u >100 22 12 L 48 SCL 45/(95+) CL - 
BA2054 391172 6166360 HZMdkaa GL.DGL M - Level I - l >100 24 7 L 47 SCL 46 SCL - 
BA2055 391717 6166285 MLDxc T.M O/GL - Level VP - l 0 50 - - - - (50+) SCL 50 
BA2056 391492 6166844 MLDxt T.M O/M - Level VP - l 0 45 - - - - (45+) SCL 45 
BA2057 391773 6166910 STPpt ptO.G M - Level P - l seepage at 20 40 - - 40 CL 20/(60+) LS/C 40 
BA2058 392231 6166902 SUT O.DYB GF/M 1 M W 90 u 60 7 - - 95 LcS (95+) SCL - 
BA2059 392482 6166911 ELSpt ptR.HG M - Level I - l 10 30 10 L 70 SL (80+) CL 30 
BA2060 392437 6166726 HLY T.M O/M - Level I - l 30 55 - - 40 cS (95+) SCL 55 
BA2061 392984 6165613 WNF E.EB GF/M - Level MW - l >100 12 7 LS 39 SL 27/27 LS/SCL - 
BA2062 392933 6165105 MLDxc T.M O/GL - Level VP - l 10 65 - - - - (65+) SiCL 65 
BA2063 393408 6165418 HZMaa GL.GL M 4 U I 270 u >100 6 5 SL 36 SL 22/37 SL/SCL - 
BA2064 393427 6164786 HRRpt ptO.GL M 3 U MW 290 u >100 23 14 L 43 CL 43 CL - 
BA2065 393092 6164714 MUSxczz T.F O/GL - Level VP - l >100 90 - - - - 10 vfSCL 90 
BA2066 392488 6164925 SUTglxc GLE.DYB F/GL 4 M MW 280 u seepage at 30 12 12 LS 28 LcS 15/(55+) SiL/SiCL 12 
BA2067 392090 6165133 STP O.G M 1 M P 300 u >100 12 - - 52 SiCL 43/(95+) LS/CL - 
BA2068 391611 6165146 HZMaa GL.GL M 2 M I 95 u 45 7 8 SiL 44 SiCL (52+) CL - 
BA2069 391411 6165202 MLDxc T.M O/GL - Level VP - l 40 100 - - - - (100+) SiCL 100 
BA2070 391171 6165142 STPpt ptO.G M - Level P - l 0 15 - - 85 SiCL (85+) SCL - 
BA2071 393276 6164118 MUSxczz T.F O/GL - Level P - l 90 95 - - - - (95+) CL 95 
BA2072 393113 6163858 MLDxt T.M O/M - Level VP - l 10 80 - - - - (80+) SCL 80 
BA2073 392647 6163602 MUSxczz T.F O/GL - Level VP - l - 65 - - - - (65+) SiL 65 
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BA2074 392285 6163791 MUSxc T.M O/GL - Level VP - l - 65 - - - - (65+) CL 65 
BA2075 392199 6163965 BMTptxczz O.LG GF/GL - Level I - l 40 16 5 LS 50 LS (55+) SiCL - 
BA2076 392353 6164121 ALGpt ptO.LG GL 2 M I 250 u 17 30 7 SiL 35 LS 12/(54+) L/SiCL 30 
BA2077 392054 6164514 ALGpt ptO.LG GL 2 L P 50 u 20 33 10 SiL 43 SiCL (53+) C 33 
BA2078 392295 6164662 STPzz O.LG M 2 L P 300 u 25 15 7 LS 39 SiCL (46+) CL - 
BA2079 392664 6164545 STPzz O.LG M 2 U P 70 u >100 12 5 SiL 50 SiCL 45 CL - 
BA2080 392894 6164110 MUS2zz TME.F O/M - Level P - l 30 170 - - - - (170+) SiCL 170 
SM301 393658 6160658 MLDxs TFI.M O/GF <1 Level VP NA l 50 - - - - - 90-120 LS 90 
SM302 393632 6159341 MLDxc TFI.M O/GL <1 Level VP NA l - - - - - - 80-120 SCL 80 
SM303 396283 6160705 STPpt O.Gpt M 2 M I 280 u >100 27-0 - - 0-33 SL 33-100 C - 
SM304 396267 6160155 HZMaa GL.GL M 2 M I 180 u >100 6-0 0-12 SL 12-50 SiCL 50-65/65-100 SCL/CL - 
SM305 396795 6158962 HRR O.GL M 3 M MW 240 u >100 6-0 0-24 SL 24-52 CL 52-100 CL - 
SM306 396036 6159417 STP O.G M 2 M I 280 u - 19-0 - - 0-20 SL 20-80 CL - 
SM307 397517 6159367 DOVxt O.GL GL/M 3 M W 90 u >100 4-0 0-9 SiCL 9-38 CL 38-100 CL - 
SM308 398798 6159370 ELSpt R.Gpt M 2 M I 240 u >100 - - - - - 0-100 C 35 
SM309 399242 6160817 HZMaa GL.GL M 2 M I 220 u >100 6-0 0-13 SiCL 13-52 SiCL 52-100 CL - 
SM310 400345 6160762 MLDyt TFI.M O/M <1 Level VP NA l - - - - - - 140+ CL 140 
SM311 400345 6160762 MLDyt THU.F O/M <1 Level VP Na l 5 - - - - - 130+ CL 130 
SM312 400643 6161448 STPzz O.LG M <1 Level I Na l 70 7-0 0-9 L 9-46 SiCL 46-100 C - 
SM313 400638 6162027 MLD2 TY.M O <1 Level VP Na l 5 - - - - - 180+ SiC 180 
SM314 399757 6161998 DOVglxt GL.GL GL/M 2 M I 260 u >100 6-0 0-14 SiL 14-42 SiCL 42-100 CL - 
SM315 398146 6162003 DOVglxt GL.GL GL/M 3 U I 280 u >100 6-0 0-13 SiL 13-54 CL 54-100 C - 
SM316 399343 6164582 HRR O.GL M 5 M MW 270 r >100 6-0 0-10 SiL 10-53 SiCL 53-100 CL - 
SM317 398985 6165505 ALGzz R.G GL 10 L I 60 r >100 12-0 - - 0-31 CL 31-100 C - 
SM318 398901 6165789 DOVglxt GL.GL GL/M 3 U I 40 r >100 9-0 0-14 SiCL 14-45 SiCL 45-100 C - 
SM319 400972 6171835 FIR E.EB GF 2 U W 170 r/u >100 4-0 0-10 vfLS 10-52 vfSL 52-100 S - 
SM320 400900 6170719 ? O.G ? 2 M P 240 u 60 8-0 - - 0-29 SL 29-70/ 70+ SiCL/S - 
SM321 400916 6169237 MUSyc TME.F O/GL <1 Level VP na l - - - - - - 110+ CL 110 
SM322 402048 6169183 HZMaa GL.GL M 2 M I 60 u >100 7-0 0-8 SiL 8-39 SiCL 39-100 CL - 
SM323 403905 6167398 ALGzz R.G GL 2 M I 355 u >100 8-0 - - 0-35 SiCL 35-100 SiCL - 
SM324 401998 6167439 HZMaa GL.GL M 2 M I 260 u >100 8-0 0-16 L 16-64 SiCL 64-100 CL - 
SM325 403256 6167612 MLD4zz ME.H O <1 Level VP na l >100 - - - - - 330+ CL 330 
IL301 391569 6157358 STPzzpt O.LGpt M - Level P Na l >100 15-0 0-8 SCL 8-52 CL 52-105/ 105+ SCL/SCL - 
IL302 391657 6158808 ALG O.LG M/GL 1 L P 155 u 85 25-0 0-12 SiL 12-64 L 64+ SiCL - 
IL303 391327 6159823 ALGzz O.G GL - Level P NA Level >100 8-0 0-14 SiL 14-66 SiL 66-100 CL - 
IL304 390861 6161256 MLDxc T.M O/GL 0 Level VP NA Level >100 - - - - - 70-100 SCL 70 
IL305 390141 6162188 DOV O.GL GL 2 U W 270 u >100 6-0 0-12 SiL 12-52 CL 52-70/70-100 CL/SiC - 
IL306 388169 6162490 DOVxt O.GL GL 4 U W 270 r >100 9-0 0-15 SiL 15-60 CL 60-100 SiCL - 
IL307 389848 6162807 ALGpt O.LGpt GL 0 Level P na l 75 15-0 0-12 SiCL 12-60 SiCL 60-100 SiCL - 
IL308 389926 6163904 ALG O.LG GF/GL - - P - - 55 14-0 0-11 SiL 11-55 SL 55-85/85-100 LS/SiCL - 
IL309 389945 6166066 LVKgl GL.GL GF/M 1 - W - - - 10-0 0-15 L 15-44 LS 44-76/76-100 SCL/SCL - 
IL310 398259 6167549 HZMaa GL.GL M 3 M I 20 u >100 6-0 0-19 L 19-44 CL 44-75/75-100 CL/CL - 
IL311 398926 6167186 MLD T.M O/GL 0 Level VP NA l 85 - - - - - 75-100 SiCL 75 
IL312 398980 6166232 ALG O.LG GL 4 L P 50 u >100 14-0 0-11 L 11-65 CL 65-100 CL - 
IL313 399643 6166089 HRR O.GL M 2 U W 300 u >100 10-0 0-7 L 7-22/22-45 L/CL 45-72/72-100 CL/CL - 
IL314 399463 6167666 MLD3 TY.M O 0 Level VP na l - - - - - - - - 250+ 
IL315 400698 6167472 HRR O.GL M 2 Crest W 20 U >100 6-0 0-26 L 26-56 SCL 56-100/100-110 SCL/SCL - 
IL316 399474 6168526 MLD TY.M O - Level VP Na L 50 - - - - - - - 220+ 

Notes: 1 Hand textured 
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LABORATORY ANALYTICAL DATA FOR SAMPLED SITES 

Site/Sample 
ID Series Horizon Depth 

Soluble 
(CaCl) pH 

Soluble (2:1) 
pH EC (dS/m) SAR 

Soluble Cl 
(mg/L) 

Soluble Ca 
(mg/L) 

Soluble Mg 
(mg/L) 

Soluble Na 
(mg/L) 

Soluble K 
(mg/L) 

Soluble SO4 
(mg/L) Sat. % 

Texture (% 
Sand/Silt/Clay) 

Bulk Density 
Average 
(g/cm3) 

Total Organic 
C (%) 

Total Nitrogen 
(%) 

Total Kjeldahl 
Nitrogen (%) 

BA2008-1-AN WNFdkgl LFH 7-0 - 5.09 - - - - - - - - - - 0.09 44 1.6   
BA2008-2-AN WNFdkgl Ahe 0-7 4.41 5.02 0.22 0.2 14 34 7.5 4.7 1.7 47 78 L(41/32/27) 0.705 6.5 0.3   
BA2008-3-AN WNFdkgl Btgj 7-70 5.24 5.81 0.10 0.2 <5 17 3.3 3.8 <1.3 13 32 SCL(56/22/22) 1.5 0.66 <0.2 0.036 
BA2008-4-AN WNFdkgl C 70-90 6.46 6.61 0.16 0.4 <5 21 4.5 6.9 1.7 39 33 SL(64/23/13) - - -   
BA2008-5-AN WNFdkgl IICkg 90-100 6.48 6.67 0.15 0.3 <5 18 3.9 5.5 <1.3 33 38 L(45/30/25) - - -   
BA201-1-AN STPptzz Of 15-0 - 5.00 - - - - - - - - - - 0.055 46 1.5   
BA201-2-AN STPptzz Ae 0-15 3.76 4.26 0.48 1.3 6 37 12 37 3.2 190 43 L(36/37/28) 0.95 2.6 <0.2 0.092 
BA201-3-AN STPptzz Btg 15-65 4.15 4.52 0.40 1.0 9 35 11 26 3.6 160 34 CL(31/38/32) 1.35 0.70 <0.2 0.045 
BA201-4-AN STPptzz BCg 65-100 4.44 4.71 0.32 0.9 11 29 8.5 21 3.3 110 34 SCL(45/24/30) - - -   
BA2058-1-AN SUT LFH 7-0 - - - - - - - - - - - - 0.355 - -   
BA2058-2-AN SUT Bm 0-95 4.74 5.47 0.13 <0.1 13 19 4.1 <2.5 11 14 33 S(88/7/5) 1.45 38 1.1   
BA2058-2-FD SUT Bm 0-95 4.88 5.47 0.10 <0.1 7 14 2.3 <2.5 3.8 10 30 S(90/7/3) - 1.1 <0.2 0.057 
BA2058-3-AN SUT Ckgj 95-100 6.29 7.57 0.24 0.1 17 33 8.0 3.3 <1.3 8.6 33 SCL(58/20/22 - - -   
DT014-1-AN WNFgl LFH 12-0 4.47 4.86 0.75 1.7 26 76 26 67 78 93 420 - 0.145 42 1.6   
DT014-2-AN WNFgl Ae 0-24 5.64 6.45 0.24 3.0 6 18 5.0 55 3.7 26 30 LS(86/9/5) 1.65 0.5 <0.2   
DT014-3-AN WNFgl Btgj 24-63 5.56 6.26 0.18 3.7 11 7.5 2.0 44 1.9 18 69 C(15/31/55) - - -   
DT014-4-AN WNFgl Cgj 63-100 5.58 6.23 0.24 4.2 16 9.7 2.4 56 2.4 27 59 C(14/32/55) - - -   
DT020-1-AN HZMpt LFH 16-0 5.39 4.99 0.21 <0.1 7 31 11 <2.5 18 26 440 - 0.135 30 -   
DT020-2-AN HZMpt Ae 0-16 5.33 5.80 0.15 0.7 <5 26 7.1 16 2.0 20 51 L(30/44/26) 1.3 1.8 -   
DT020-3-AN HZMpt Btgj 16-65 5.60 6.38 0.16 1.0 <5 26 7.1 23 1.4 22 48 CL(39/27/34) - - -   
DT020-4-AN HZMpt Ckgj 65-100 6.76 7.18 0.26 1.3 <5 32 11 33 1.7 44 52 CL(37/25/38) - - -   
DT033-1-AN MUS1 Of 0-20 4.22 4.00 0.84 0.2 28 67 32 9.5 110 74 710 - 0.04 46 1.1   
DT033-2-AN MUS2 Om 20-50 6.36 6.58 0.16 0.7 6 22 7.9 14 3.8 12 360 - - - 0.9   
DT033-3-AN MUS3 Cg1 55-105 5.77 6.05 0.14 1.1 7 19 5.1 20 2.6 17 58 CL(28/40/32) - - -   
DT033-4-AN MUS4 Cg2 135-200 6.37 6.72 0.20 0.8 5 40 8.2 20 2.4 12 48 L(44/36/20) - - -   
DT047-1-AN MLD2 Oh 0-20 4.52 5.51 0.33 0.9 12 38 6.9 22 11 48 290 - 0.065 38 0.8   
DT047-2-AN MLD2 Oh 20-50 4.76 5.69 0.37 1.0 <5 42 7.7 27 2.3 69 300 - - - -   
DT047-3-AN MLD2 Oh 50-100 7.28 6.75 2.4 0.9 <5 440 68 74 6.2 810 340 - - - -   
DT047-4-AN MLD2 Oh 100+ 5.28 5.96 0.50 1.3 <5 57 12 42 3.0 120 280 - - - -   
DT061-1-AN HZMaa LFH 9-0 4.67 5.21 0.37 0.4 13 49 9.3 11 29 44 320 - 0.195 34 -   
DT061-2-AN HZMaa Ae 0-10 4.73 5.24 0.28 0.7 48 29 7.3 16 8.4 27 29 SL (54/30/16) 1.6 0.85 -   
DT061-3-AN HZMaa Btgj 10-48 4.94 5.40 0.17 1.1 7 23 5.5 22 6.8 23 26 SL (56/26/18) 1.6 0.36 -   
DT061-4-AN HZMaa Cgj 48-100 4.70 5.49 0.19 1.2 16 17 4.8 22 6.0 37 58 C (18/32/50) - - -   
DT062-1-AN HLYzz Om 0-20 6.17 7.05 0.28 1.5 <10 37 12 41 8.7 33 360 - 0.115 25 1.1   
DT062-2-AN HLYzz Om 20-60 5.59 6.26 0.14 1.2 <5 19 4.9 23 1.8 20 370 - - - -   
DT062-3-AN HLYzz Cg 60-100 5.38 5.90 0.20 1.5 8 20 5.4 28 2.2 25 45 L(35/40/25) - - -   
DT063-1-AN HRR LFH 12-0 4.90 5.55 0.54 0.3 30 72 11 8.6 66 33 580 - 0.085 38 1.8   
DT063-2-AN HRR Ae 0-12 4.36 4.81 0.18 0.8 15 15 3.5 14 12 28 47 L(47/35/18) 1.2 2.4 <0.2   
DT063-3-AN HRR Bt 12-41 4.04 4.17 0.16 2.0 11 8.8 1.9 25 3.2 19 46 C(31/27/42) 1.35 0.75 <0.2   
DT063-4-AN HRR C 41-55 4.42 4.63 0.27 2.6 10 14 2.9 40 2.4 54 51 C(20/30/51) - - -   
KV216-1-AN LVK LFH 14-0 - 5.58 - - - - - - - - - - 0.145 36 1.4   
KV216-2-AN LVK Ae 0-11 4.87 5.38 0.11 0.3 <5 17 7.1 6.4 8.1 23 26 L(36/42/22) 1.5 0.95 <0.2 0.062 
KV216-3-AN LVK Bt 11-55 4.87 5.46 0.10 0.6 6 9.6 2.5 7.7 1.9 23 31 SCL(49/23/28) 1.45 0.54 <0.2 0.035 
KV216-4-AN LVK IICk 55-100 4.48 5.47 0.37 0.7 29 40 9.5 18 2.2 120 46 SCL(47/20/33) - - -   
KV225-1-AN NS2gl LFH 6-0 - 5.38 - - - - - - - - - - 0.155   -   
KV225-2-AN NS2gl Ae 0-7 4.35 4.98 0.17 0.9 5 12 3.6 13 4.9 54 33 LS(81/12/7) 1.3 11 0.7   
KV225-3-AN NS2gl Btgj 7-60 4.48 5.25 0.12 0.7 7 8.3 3.1 9.9 3.6 29 22 SL(72/18/10) 1.85 1.7 <0.2 0.1 
KV225-4-AN NS2gl Cg 60-100 4.80 4.77 0.22 1.5 57 10 3.5 21 2.1 13 35 SCL(57/16/28) - 0.57 <0.2 0.038 
KV271-1-AN HRRdk LFH 6-0 - 4.38 - - - - - - - - 360 - 0.1 31 1.3   
KV271-2-AN HRRdk Ah 0-6 4.24 4.72 0.17 <0.1 7 29 7.0 <2.5 7.3 25 110 CL(28/42/29) 0.945 7.9 0.5   
KV271-3-AN HRRdk Bt 6-39 4.59 4.96 0.12 0.3 <5 18 4.9 4.6 4.6 11 38 CL(22/49/30) 1.5 1.1 <0.2 0.049 
KV271-4-AN HRRdk Ck 39-100 5.00 5.43 0.13 0.4 9 13 4.7 6.3 2.3 23 61 C(18/30/53) - - -   

 



BlackPearl Resources Inc.  Terrain and Soils Baseline Report 
Blackrod Commercial SAGD Project  Volume 4 - Appendix 4A 

 

 
   

Page 4A-58 
 
 

TABLE 4A1-3  Cont'd 

Site/Sample 
ID Series Horizon Depth 

Soluble 
(CaCl) pH 

Soluble (2:1) 
pH EC (dS/m) SAR 

Soluble Cl 
(mg/L) 

Soluble Ca 
(mg/L) 

Soluble Mg 
(mg/L) 

Soluble Na 
(mg/L) 

Soluble K 
(mg/L) 

Soluble SO4 
(mg/L) Sat. % 

Texture (% 
Sand/Silt/Clay) 

Bulk Density 
Average 
(g/cm3) 

Total Organic 
C (%) 

Total Nitrogen 
(%) 

Total Kjeldahl 
Nitrogen (%) 

KV274-1-AN LVKdkgl LFH 5-0 - 4.63 - - - - - - - - -   0.235 22 0.8   
KV274-1-FD LVKdkgl LFH 5-0 4.21 4.64 0.34 <0.1 13 25 12 <2.5 39 40 230 - - 25 0.8   
KV274-2-AN LVKdkgl Ahe 0-6 3.83 4.36 0.13 0.2 7 12 3.9 3.3 8.0 24 42 L(48/35/16) 1.095 2.2 <0.2 0.076 
KV274-3-AN LVKdkgl Ae 6-17 4.35 4.96 0.06 0.4 8 4.4 1.4 3.9 3.6 9.3 27 L(44/38/19) 1.4 1.1 <0.2 0.057 
KV274-4-AN LVKdkgl Bt 17-35 4.54 5.36 0.08 0.3 <5 7.8 2.8 4.3 3.2 11 18 L(50/35/15) - 0.50 <0.2 0.037 
KV274-5-AN LVKdkgl IIBC 35-55 4.86 5.44 0.08 0.4 <5 8.4 5.4 6.0 3.7 9.5 25 L(51/31/18) - - -   
KV274-6-AN LVKdkgl IICK 55-100 7.15 7.40 0.32 1.0 <5 30 15 28 1.9 9.8 71 C(22/26/52) - - -   
LW010-1-AN MUS5 Of 0-20 3.13 4.05 0.16 1.1 6 2.0 1.2 8.0 20 12 1400 - 0.03 46 0.7   
LW010-2-AN MUS5 Of 20-50 3.08 3.93 0.08 - <5 <1.5 <1.0 8.4 2.3 <5.0 1800 - - - 0.7   
LW010-3-AN MUS5 Of 50-100 3.12 3.71 0.10 0.7 <5 3.2 1.3 5.6 3.1 7.7 1300 - - - -   
LW036-2-AN HZMpt Ae 0-5 4.93 5.33 0.13 0.5 <5 20 7.9 11 2.8 18 42 SiL 1.25 0.93 <0.2   
LW036-3-AN HZMpt Btgj 5-34 5.05 5.53 0.15 0.7 5 16 7.4 14 3.8 21 56 C(27/21/52) - - <0.2   
LW036-4-AN HZMpt Cgj 34-100 5.22 5.87 0.19 1.2 9 17 7.8 23 3.6 32 72 C(12/29/60) - - <0.2   
LW043-1-AN STP LF 4-0 5.41 5.38 0.58 0.2 20 73 22 7.0 130 51 520 - 0.115 39 -   
LW043-2-AN STP Bg 0-34 5.00 5.43 0.10 1.0 6 9.4 2.7 13 5.1 12 38 SCL(58/19/23) 1.5 - -   
LW043-3-AN STP Cg 34-100 5.37 5.79 0.15 1.3 6 10 3.3 19 2.1 35 43 CL(43/24/33) - - -   
LW048-1-AN MLD4 Of 0-20 5.35 5.59 0.17 1.9 5 5.6 2.6 22 7.0 26 670 - 0.075 44 2.1   
LW048-2-AN MLD4 Om 20-50 5.09 5.55 0.19 1.4 <5 12 5.0 22 4.6 36 430 - - - 2.3   
LW048-3-AN MLD4 Om 50-100 5.25 5.65 0.18 1.2 <5 18 5.2 22 3.3 28 510 - - - -   
LW063-1-AN FIRyt LFH 14-0 5.10 5.30 0.57 0.1 19 80 25 4.2 59 70 330 - - 17 1.7   
LW063-2-AN FIRyt Ae 0-19 5.04 5.70 0.11 0.5 <5 15 5.6 8.5 1.9 10 32 SL(60/27/12) - 0.34 <0.2   
LW063-3-AN FIRyt Bm 19-45 5.16 5.67 0.09 0.9 <5 11 3.6 13 1.6 10 39 SL(87/7/5) - - -   
LW063-4-AN FIRyt BC 45-105 5.40 6.23 0.11 1.1 <5 13 4.1 17 2.4 13 28 LS(87/7/5) - - -   
SM005-1-AN HZM LF 8-0 4.76 5.17 0.47 0.8 21 41 14 23 41 86 400 - 0.235 28 -   
SM005-2-AN HZM Ae 0-9 4.50 5.33 0.15 2.2 9 4.5 2.2 23 3.5 28 30 L (48/39/13 1.7 0.55 -   
SM005-3-AN HZM Btgj 9-17 4.56 5.45 0.29 4.9 11 4.8 2.7 54 2.2 85 42 SCL (48/23/29) 1.6 - -   
SM008-1-AN MUSys Om 0-20 4.08 4.32 0.34 1.4 8 14 18 34 31 21 530 - 0.05 47 1   
SM008-2-AN MUSys Om 20-50 3.87 4.74 0.22 2.8 6 7.4 4.7 40 7.7 18 380 - - - 1.5   
SM008-3-AN MUSys Om 50-100 4.23 4.91 0.41 1.8 <5 24 14 46 6.5 140 260 - - - -   
SM008-4-AN MUSys Om 100-140 4.14 4.82 0.24 2.0 <5 14 6.9 36 4.8 49 350 - - - -   
SM008-5-AN MUSys Cg 140+ 4.58 5.32 0.33 1.7 5 17 10 35 7.2 120 46 SL(70/22/9) - - -   
SM023-1-AN FIRxt LFH 7-0 4.63 5.36 0.87 0.1 25 200 24 6.3 110 65 420 - 0.11 43 -   
SM023-2-AN FIRxt Ae 0-7 4.12 4.79 0.22 0.2 12 34 7.1 5.5 15 27 37 SL(61/29/10) - 0.68 -   
SM023-3-AN FIRxt Bm 7-48 4.50 5.20 0.15 0.3 9 21 3.2 5.6 12 16 26 SL(73/17/10) - - -   
SM023-4-AN FIRxt IICk 48-100 6.22 6.58 0.41 0.4 19 63 11 13 2.3 130 36 SL(66/17/17) - - -   
SM038-1-AN ELSzz LF 11-0 5.54 5.92 0.88 0.2 22 120 28 8.8 110 70 250 - 0.16 33 1.5   
SM038-2-AN ELSzz Ahe 0-20 5.58 5.76 0.17 0.5 8 26 5.9 10 4.3 20 59 L(31/42/27) 1.13 4 0.2   
SM038-3-AN ELSzz Cg 20-100 6.62 6.97 0.12 0.6 <5 17 4.0 11 2.2 11 55 CL(37/19/34) - - -   
SM046-1-AN HZMaa LFH 5-0 3.93 4.41 0.44 0.2 12 41 9.0 4.8 82 41 360 - 0.115 35 -   
SM046-2-AN HZMaa Ae 0-5 3.82 4.35 0.13 0.4 6 20 3.3 6.3 3.8 23 52 SiL(23/54/23) - 1.4 -   
SM046-3-AN HZMaa Bt 5-52 4.18 4.63 0.09 0.6 7 12 2.1 8.8 2.6 13 47 CL(21/49/31) 1.2 - -   
SM046-4-AN HZMaa Cg 52-100 4.14 4.59 0.07 0.9 <5 5.0 1.3 9.1 2.5 11 59 C(25/32/42) - - -   
SM074-1-AN MUS1 Of 0-20 3.16 3.78 0.16 <0.1 <5 7.0 2.9 <2.5 17 19 1000 - 0.065 47 0.9   
SM074-2-AN MUS1 Of 20-50 3.37 4.03 0.07 <0.1 <5 6.8 1.4 <2.5 <1.3 5.7 730 - - 0.8 -   
SM074-3-AN MUS1 Om 50-90 3.95 4.36 0.09 <0.1 <5 20 3.3 <2.5 <1.3 6.8 550 - - - -   
SM074-4-AN MUS1 Cg 90+ 4.74 5.06 0.15 0.5 <5 20 4.4 9.3 3.5 30 57 SiCL (16/55/29) - - -   
SM088-1-AN MLD4 Om 0-20 5.37 5.85 0.16 1.0 7 14 4.0 17 8.4 25 730 - 0.055 46 2.5   
SM088-2-AN MLD4 Om 20-50 5.36 5.82 0.17 1.1 7 15 4.1 19 8.7 18 890 - - - -   
SM088-3-AN MLD4 Om 50-100 5.18 5.56 0.12 1.0 5 13 3.6 15 2.6 15 610 - - - -   
SM088-4-AN MLD4 Om 100+ 5.09 5.65 0.11 0.9 <5 13 3.3 14 1.8 12 540 - - - -   
SM092-1-AN STP LFH 9-0 4.76 5.10 0.70 0.2 25 81 19 6.9 110 52 600 - 0.08 44     
SM092-2-AN STP Bg 0-30 5.71 6.13 0.15 0.5 9 20 5.3 9.6 2.3 15 42 L(39/41/20) 1.5 1.1     
SM092-3-AN STP Cg 30-100 6.67 6.95 0.38 0.6 10 43 15 17 2.8 30 54 CL(44/26/30) -       
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TABLE 4A1-3  Cont'd 

Site/Sample 
ID Series Horizon Depth 

Soluble 
(CaCl) pH 

Soluble (2:1) 
pH EC (dS/m) SAR 

Soluble Cl 
(mg/L) 

Soluble Ca 
(mg/L) 

Soluble Mg 
(mg/L) 

Soluble Na 
(mg/L) 

Soluble K 
(mg/L) 

Soluble SO4 
(mg/L) Sat. % 

Texture (% 
Sand/Silt/Clay) 

Bulk Density 
Average 
(g/cm3) 

Total Organic 
C (%) 

Total Nitrogen 
(%) 

Total Kjeldahl 
Nitrogen (%) 

SM203-1-AN ECSpt Om 15-0 - 5.47 - - - - - - - - - - 0.11 34 1.6   
SM203-2-AN ECSpt Ah 0-20 4.94 5.06 0.11 0.2 <5 16 3.7 4.0 2.3 22 68 C(16/27/57) 0.76 5.1 0.5   
SM203-3-AN ECSpt Cg 20-100 6.04 6.47 0.23 0.3 <5 32 8.4 6.1 3.1 38 36 L(43/32/25) - - -   
SM207-1-AN HLY Om 0-20 - 4.29 - - - - - - - - - - 0.105 44 1.2   
SM207-2-AN HLY Oh 20-42 3.76 4.06 0.39 0.4 <5 61 9.0 12 7.0 130 190 - - - -   
SM207-3-AN HLY Cg 42-100 4.29 4.76 0.09 0.3 <5 16 2.7 5.5 <1.3 20 31 L(49/29/23) - - -   
SM248-1-AN ABN Of 0-20 - 5.12 - - - - - - - - - - 0.045 41 0.7   
SM248-2-AN ABN Of 20-50 6.02 6.90 0.28 0.8 <5 31 8.8 20 10 19 890 - - - -   
SM248-3-AN ABN Om 50-100 5.99 6.23 0.18 0.8 <5 25 6.1 18 2.5 43 1000 - - - -   
SM248-4-AN ABN Oh 100-420 5.87 6.03 0.24 0.8 <5 34 8.2 20 2.2 77 710 - - - -   
SM250-1-AN MRNzz Of 0-20 - 4.02 - - - - - - - - - - 0.03 44 0.1   
SM250-2-AN MRNzz Of 20-50 3.31 4.07 0.15 0.6 <5 5.0 4.1 7.6 13 8.3 1300 - - - -   
SM250-3-AN MRNzz Of 50-90 3.88 4.29 0.10 0.4 <5 6.3 3.5 4.9 4.9 8.3 780 - - - -   
SM250-4-AN MRNzz Cg 90+ 4.83 4.57 0.05 0.5 <5 3.6 1.1 4.1 2.0 <5.0 45 CL(44/25/31) - - -   
SM264-1-AN ALGzz Of 12-0 - 5.87 - - - - - - - - - - 0.085 32 1.7   
SM264-2-AN ALGzz Bg 0-40 5.13 5.21 0.12 0.6 <5 15 4.4 11 2.2 11 47 SiCL (20/47/33) - - -   
SM264-3-AN ALGzz Cg 40-100 5.69 5.86 0.10 0.7 <5 9.0 2.8 9.3 <1.3 17 52 SiCL (18/48/34) - - -   
SM272-1-AN HHYgl LFH 11-0 - 8.18 - - - - - - - - - - 0.46 7.6 0.4   
SM272-2-AN HHYgl Ae 0-8 6.57 7.41 0.31 <0.1 <5 41 17 <2.5 23 15 38 SiL (36/56/8) 1.3 0.56 <0.2   
SM272-3-AN HHYgl Btj 8-38 6.26 6.71 0.21 0.2 <5 33 7.4 4.2 19 16 34 SiL (37/52/11) 1.45 - -   
SM272-4-AN HHYgl Cgj 38-100 5.96 6.12 0.10 0.5 <5 18 4.0 9.8 <1.3 8.5 40 SiL (24/52/25) - - -   
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TABLE 4A1-4 
 

PHYSICAL DATA FOR SITE SM203, SERIES ELSpt 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Om 15-0 - - - - - - 
Ah 0-20 C FR WFGR 10YR 2/1 - 0 
Cg 20-100 L SLS MMA 2.5Y 5/4 MMP 0 

Note: 1 By Hydrometer 
 

TABLE 4A1-5 
 

CHEMICAL DATA FOR SITE SM203, SERIES ELSpt 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) (mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2

% 
Om 15-0 5.47 - - 0.11 - - - - - - 34 1.6 
Ah 0-20 5.06 0.11 0.2 0.76 16 3.7 4.0 2.3 22 68 5.1 0.5 
Cg 20-100 6.47 0.23 0.3 - 32 8.4 6.1 3.1 38 36 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-6 
 

PHYSICAL DATA FOR SITE SM038, SERIES ELSzz 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LF 11-0 - - - - - - 
Ahe 0-20 L FR WFPL 10YR 3/1 - 0 
Cg 20-100 CL F MMA 2.5Y 5/4 CFP 0 

Note: 1 By Hydrometer 
 

TABLE 4A1-7 
 

CHEMICAL DATA FOR SITE SM038, SERIES ELSzz 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) (mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LF 11-0 5.92 0.88 0.2 0.16 120 28 8.8 110 70 250 33 1.5 

Ahe 0-20 5.76 0.17 0.5 1.13 26 5.9 10 4.3 20 59 4 0.2 
Cg 20-100 6.97 0.12 0.6 - 17 4.0 11 2.2 11 55 -  

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
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TABLE 4A1-8 
 

PHYSICAL DATA FOR SITE LW063, SERIES FIRyt 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 14-0 - - - - - - 
Ae 0-19 SL L SG 10YR 6/2 - 2 
Bm 19-45 SL L SG 10YR 5/4 - - 
BC 45-105 LS FR SG 10YR 5/3 - - 

Note: 1 By Hydrometer 
 

TABLE 4A1-9 
 

CHEMICAL DATA FOR SITE LW063, SERIES FIRyt 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) (mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 14-0 5.30 0.57 0.1 - 80 25 4.2 59 70 330 17 1.7 
Ae 0-19 5.70 0.11 0.5 - 15 5.6 8.5 1.9 10 32 0.34 <0.2 
Bm 19-45 5.67 0.09 0.9 - 11 3.6 13 1.6 10 39 -  
BC 45-105 6.23 0.11 1.1 - 13 4.1 17 2.4 13 28 -  

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-10 
 

PHYSICAL DATA FOR SITE SM272, SERIES HHYgl 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 11-0 - - - - - - 
Ae 0-8 SiL FR WFPL 10YR 5/2 - 0 
Btj 8-38 SiL L WFSBK 2.5Y 5/4 FFF 0 
Cgj 38-100 SiL F MA 2.5Y 4/3 FFF 0 

Note: 1 By Hydrometer 
 

TABLE 4A1-11 
 

CHEMICAL DATA FOR SITE SM272, SERIES HHYgl 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) (mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2

% 
LFH 11-0 8.18 - - 0.46 - - - - - - 7.6 0.4 
Ae 0-8 7.41 0.31 <0.1 1.3 41 17 <2.5 23 15 38 0.56 <0.2 
Btj 8-38 6.71 0.21 0.2 1.45 33 7.4 4.2 19 16 34 -  
Cgj 38-100 6.12 0.10 0.5 - 18 4.0 9.8 <1.3 8.5 40 -  

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
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TABLE 4A1-12 
 

PHYSICAL DATA FOR SITE DT061, SERIES HZMaa 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 9-0 - - - - - - 
Ae 0-10 SL FR MMPL 10YR 5/2 - 10 
Btgj 10-48 SL F WMSBK 10YR 5/3 CMD 5 
Cgj 48-100 C F CMA 2.5Y 4/3 CMD 2 

Note: 1 By Hydrometer 
 

TABLE 4A1-13 
 

CHEMICAL DATA FOR SITE DT061, SERIES HZMaa 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 9-0 5.21 0.37 0.4 0.195 49 9.3 11 29 44 320 34 1.8 
Ae 0-10 5.24 0.28 0.7 1.6 29 7.3 16 8.4 27 29 0.85 <0.2 
Btgj 10-48 5.40 0.17 1.1 1.6 23 5.5 22 6.8 23 26 0.36 - 
Cgj 48-100 5.49 0.19 1.2 - 17 4.8 22 6.0 37 58 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-14 
 

PHYSICAL DATA FOR SITE DT020, SERIES HZMpt 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 16-0 - - - - - - 
Ae 0-16 L FR MFPL 10YR 6/2 - 2 
Btgj 16-65 CL F MFSBK 10YR 5/2 CFD 2 
Cgj 65-100 CL F MMA 2.5Y 5/2 CFD 5 

Notes: 1 By Hydrometer 
 

TABLE 4A1-15 
 

CHEMICAL DATA FOR SITE DT020, SERIES HZMpt 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 16-0 4.99 0.21 <0.1 0.135 31 11 <2.5 18 26 440 30 2.1 
Ae 0-16 5.8 0.15 0.7 1.3 26 7.1 16 2 20 51 1.8 <0.2 
Btgj 16-65 6.38 0.16 1 - 26 7.1 23 1.4 22 48 - <0.2 
Cgj 65-100 7.18 0.26 1.3 - 32 11 33 1.7 44 52 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
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TABLE 4A1-16 
 

PHYSICAL DATA FOR SITE SM207, SERIES HLYzz 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Om 0-20 - - - - - - 
Om 20-42 - - - - - - 
Cg 42-100 L F MMA 2.5Y 4/4 CFD 0 

Notes: 1 By Hydrometer 
 

TABLE 4A1-17 
 

CHEMICAL DATA FOR SITE SM207, SERIES HLYzz 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Om 0-20 4.29 - - 0.105 - - - - - - 44 1.2 
Om 20-42 4.06 0.39 0.4 - 61 9 12 7 130 190 - - 
Cg 42-100 4.76 0.09 0.3 - 16 2.7 5.5 <1.3 20 31 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-18 
 

PHYSICAL DATA FOR SITE KV271, SERIES HRRdk 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 6-0 - - - - - - 
Ah 0-6 CL FR MMGR 10YR 3/2 - - 
Bt 6-39 CL FR MMSBK 10YR 5/2 FFF 2 
Ck 39-100 C F MMA 10YR 4/4 FFF - 

Notes: 1 By Hydrometer 
 

TABLE 4A1-19 
 

CHEMICAL DATA FOR SITE KV271, SERIES HRRdk 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen 

% 
LFH 6-0 4.38 - - 0.1 - - - - - 360 31 1.32 
Ah 0-6 4.72 0.17 <0.1 0.945 29 7 <2.5 7.3 25 110 7.9 0.53 
Bt 6-39 4.96 0.12 0.3 1.5 18 4.9 4.6 4.6 11 38 1.1 0.0493 
Ck 39-100 5.43 0.13 0.4 - 13 4.7 6.3 2.3 23 61 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 3 TKN 
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TABLE 4A1-20 
 

PHYSICAL DATA FOR SITE DT063, SERIES HRR 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 12-0 - - - - - - 
Ae 0-12 L FR MMPL 10YR 5/3 - 5-10 
Bt 12-41 C FI MMSBK 10YR 5/4 - 5-10 
C 41-55 C FI CMA 2.5Y 4/2 - - 

Cgj 55-100 C FI CMA 2.5Y 4/2 CFD - 

Notes: 1 By Hydrometer 
 

TABLE 4A1-21 
 

CHEMICAL DATA FOR SITE DT063, SERIES HRR 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 12-0 5.55 0.54 0.3 0.085 72 11 8.6 66 33 580 38 1.8 
Ae 0-12 4.81 0.18 0.8 1.2 15 3.5 14 12 28 47 2.4 <0.2 
Bt 12-41 4.17 0.16 2 1.35 8.8 1.9 25 3.2 19 46 0.75 <0.2 
C 41-55 4.63 0.27 2.6  14 2.9 40 2.4 54 51 - - 

Cgj 55-100 - - - - - - - - - - - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-22 
 

PHYSICAL DATA FOR SITE KV216, SERIES LVK 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 14-0 - - - - - - 
Ae 0-11 L FR WFPL 10YR4/3 - - 
Bt 11-55 SCL F MMSBK 10YR5/3 FFF - 

IICk 55-100 SCL F MMA 10YR4/2 FFF 2 

Notes: 1 By Hydrometer 
 

TABLE 4A1-23 
 

CHEMICAL DATA FOR SITE KV216, SERIES LVK 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 14-0 5.58 - - 0.145 - - - - - - 36 1.42 
Ae 0-11 5.38 0.11 0.3 1.5 17 7.1 6.4 8.1 23 26 0.95 0.0623 
Bt 11-55 5.46 0.1 0.6 1.45 9.6 2.5 7.7 1.9 23 31 0.54 0.0353 

IICk 55-100 5.47 0.37 0.7 - 40 9.5 18 2.2 120 46 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 3 TKN 
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TABLE 4A1-24 
 

PHYSICAL DATA FOR SITE DT047, SERIES MLD2 

Horizon 
Depth 
(cm) Texture Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Oh 0-20 Organic - - - - - 
Oh 20-50 Organic - - - - - 
Oh 50-100 Organic - - - - - 
Oh 100+ Organic - - - - - 

 
 

TABLE 4A1-25 
 

CHEMICAL DATA FOR SITE DT047, SERIES MLD2 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Oh 0-20 5.51 0.33 0.9 0.065 38 6.9 22 11 48 290 38 0.8 
Oh 20-50 5.69 0.37 1 - 42 7.7 27 2.3 69 300 - - 
Oh 50-100 6.75 2.4 0.9 - 440 68 74 6.2 810 340 - - 
Oh 100+ 5.96 0.5 1.3 - 57 12 42 3 120 280 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-26 
 

PHYSICAL DATA FOR SITE SM250, SERIES MRNzz 

Horizon 
Depth 
(cm) Texture Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Of 0-20 Organic - - - - - 
Of 20-50 Organic - - - - - 
Of 50-90 Organic - - - - - 
Cg 90+ CL1 S MMA 10Y 6/1 - 0 

Notes: 1 By Hydrometer 
 

TABLE 4A1-27 
 

CHEMICAL DATA FOR SITE SM250, SERIES MRNzz 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Of 0-20 4.02 - - 0.03 - - - - - - 44 0.1 
Of 20-50 4.07 0.15 0.6 - 5 4.1 7.6 13 8.3 1300 - - 
Of 50-90 4.29 0.1 0.4 - 6.3 3.5 4.9 4.9 8.3 780 - - 
Cg 90+ 4.57 0.05 0.5 - 3.6 1.1 4.1 2 <5.0 45 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
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TABLE 4A1-28 
 

PHYSICAL DATA FOR SITE LW010, SERIES MUS5 

Horizon 
Depth 
(cm) Texture Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Of 0-20 Organic - - - - - 
Of 20-50 Organic - - - - - 
Of 50-100 Organic - - - - - 

 

TABLE 4A1-29 
 

CHEMICAL DATA FOR SITE LW010, SERIES MUS5 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Of 0-20 4.05 0.16 1.1 0.03 2 1.2 8 20 12 1400 46 0.7 
Of 20-50 3.93 0.08 -  <1.5 <1.0 8.4 2.3 <5.0 1800   
Of 50-100 3.71 0.1 0.7  3.2 1.3 5.6 3.1 7.7 1300   

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-30 
 

PHYSICAL DATA FOR SITE SM074, SERIES MRN 

Horizon 
Depth 
(cm) Texture Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Of 0-20 Organic - - - - - 
Of 20-50 Organic - - - - - 

Om 50-90 Organic - - - - - 
Cg 90+ SiCL1 F MMA 5GY 4/1 CMP 0 

Notes: 1 By Hydrometer 
 

TABLE 4A1-31 
 

CHEMICAL DATA FOR SITE SM074, SERIES MRN 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Of 0-20 3.78 0.16 <0.1 0.065 7 2.9 <2.5 17 19 1000 47 0.9 
Of 20-50 4.03 0.07 <0.1 - 6.8 1.4 <2.5 <1.3 5.7 730 - - 

Om 50-90 4.36 0.09 <0.1 - 20 3.3 <2.5 <1.3 6.8 550 - - 
Cg 90+ 5.06 0.15 0.5 - 20 4.4 9.3 3.5 30 57 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
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TABLE 4A1-32 
 

PHYSICAL DATA FOR SITE SM092, SERIES STP 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

LFH 9-0 - - - - - - 
Bg 0-30 L FR WFPL 7.5YR 5/3 CMP 0 
Cg 30-100 CL F MMA 7.5YR 4/3 CMP 5-10 

Notes: 1 By Hydrometer 
 

TABLE 4A1-33 
 

CHEMICAL DATA FOR SITE SM092, SERIES STP 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
LFH 9-0 5.1 0.7 0.2 0.08 81 19 6.9 110 52 600 44 1.5 
Bg 0-30 6.13 0.15 0.5 1.5 20 5.3 9.6 2.3 15 42 1.1 <0.2 
Cg 30-100 6.95 0.38 0.6 - 43 15 17 2.8 30 54 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 

TABLE 4A1-34 
 

PHYSICAL DATA FOR SITE BA201, SERIES STPptzz 

Horizon 
Depth 
(cm) Texture1 Consistence Structure Munsell Colour Mottles % Coarse Fragment 

Of 15-0 - - - - - - 
Ae 0-15 L FR WMPL 10YR 4/2 FFF 5 
Btg 15-65 CL F WFSBK 10YR 4/4 CMP 5 
BCg 65-100 SCL SLS MMA 2.5Y 5/4 CMP 20 

Notes: 1 By Hydrometer 
 

TABLE 4A1-35 
 

CHEMICAL DATA FOR SITE BA201, SERIES STPptzz 

Horizon 
Depth 
(cm) pH1 

EC 
(dS/m) SAR 

Bulk 
Density 
(g/cm3) 

Soluble 
Calcium 
(mg/L) 

Soluble 
Magnesium 

(mg/L) 

Soluble 
Sodium 
(mg/L) 

Soluble 
Potassium 

(mg/L) 

Soluble 
Sulphate 

(SO4) 
(mg/L) Sat % 

Organic 
Carbon 

% 
Nitrogen2 

% 
Of 15-0 5 - - 0.055 - - - - - - 46 1.52 
Ae 0-15 4.26 0.48 1.3 0.95 37 12 37 3.2 190 43 2.6 0.0923 
Btg 15-65 4.52 0.4 1 1.35 35 11 26 3.6 160 34 0.7 0.0453 
BCg 65-100 4.71 0.32 0.9 - 29 8.5 21 3.3 110 34 - - 

Notes: 1 (2:1) Soluble pH 
 2 TN, leco 
 3 TKN 
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ATTACHMENT 4A2 
 

SOIL MAP UNIT SUMMARIES 



 

TABLE 4A2-1 
 

SOILS LSA SOIL MAP UNIT SUMMARY 

Map Unit Name 
(Series Symbol / 

Slope Class) Soil Order Parent Material 
Land Capability 

Rating 

Upper Lift 
Reclamation 

Suitability 

Lower Lift 
Reclamation 

Suitability 
PAI critical load 
(keq/H+/ha/yr) 

Acid 
sensitivity 

Wind 
Erosion Risk 

Water 
Erosion Risk 

Compaction 
Risk 

DL DL DL DL DL DL DL DL DL DL DL 
ELS/1 Gleysol Glacial Till 3 Good Fair 1.1 Low Low Low High 
ELS/2 Gleysol Glacial Till 3 Good Fair 1.1 Low Low Low High 

ELS/2-3 Gleysol Glacial Till 3 Good Fair 1.1 Low Low Moderate High 
ELSpt/1 Gleysol Glacial Till 4 Fair Good 1.1 Low Low Low High 
ELSpt/2 Gleysol Glacial Till 4 Fair Good 1.1 Low Low Low High 
ELSpt/3 Gleysol Glacial Till 4 Fair Good 1.1 Low Low Moderate High 
FIRxt/2 Brunisol Glacial 

Fluvial/Glacial Till 
2 Fair Good-Fair 0.55 Low High Low Low 

HLY/1 Organic Organic 4 Not Rated Not Rated 1.1 Low Low Low High 
HLYzz/2 Organic Organic 4 Not Rated Not Rated 1.1 Low Low Low High 
HRR/1 Luvisol Glacial Till 3 Fair Fair-Poor 1.1 Low Low Low Moderate 
HRR/2 Luvisol Glacial Till 3 Fair Fair-Poor 1.1 Low Low Low Moderate 
HRR/3 Luvisol Glacial Till 3 Fair Fair-Poor 1.1 Low Low Moderate Moderate 

HRR/2-3 Luvisol Glacial Till 3 Fair Fair-Poor 1.1 Low Low Moderate Moderate 
HZMaa/2 Luvisol Glacial Till 2 Good-Fair Fair-Poor 1.1 Low Low Low High 
HZMaa/3 Luvisol Glacial Till 2 Good-Fair Fair-Poor 1.1 Low Low Moderate High 

HZMaa/1-2 Luvisol Glacial Till 2 Good-Fair Fair-Poor 1.1 Low Low Low High 
HZMaa/2-3 Luvisol Glacial Till 2 Good-Fair Fair-Poor 1.1 Low Low Moderate High 
HZMaapt/2 Luvisol Glacial Till 2 Good Fair-Poor 1.1 Low Low Low High 

HZMaapt/2-3 Luvisol Glacial Till 2 Good Fair-Poor 1.1 Low Low Moderate High 
LVK/2-3 Luvisol Glacial 

Fluvial/Glacial Till 
2 Fair Fair 1.1 Low Low Moderate Moderate 

MLD/1 Organic Organic 5 Not Rated Not Rated 1.1 Low Low Low High 
MLDxt/1 Organic Organic 5 Not Rated Not Rated 1.1 Low Low Low High 
MLDxt/2 Organic Organic 5 Not Rated Not Rated 1.1 Low Low Low High 

MLDxt/1-2 Organic Organic 5 Not Rated Not Rated 1.1 Low Low Low High 
MLDzz/1 Organic Organic 5 Not Rated Not Rated 1.1 Low Low Low High 
MRN/1 Organic Organic 5 Not Rated Not Rated 0.8 Low Low Low High 
MUS/1 Organic Organic 5 Not Rated Not Rated 0.6 Low Low Low High 
RB/4-7 RB RB RB RB RB RB RB RB High RB 
RB/5-8 RB RB RB RB RB RB RB RB High RB 
STP/1 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STP/2 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STP/3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 

STP/1-2 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STP/2-3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 
STPpt/1 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STPpt/2 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 

Page 4A-69 
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TABLE 4A2-1  Cont'd 

Map Unit Name 
(Series Symbol / 

Slope Class) Soil Order Parent Material 
Land Capability 

Rating 

Upper Lift 
Reclamation 

Suitability 

Lower Lift 
Reclamation 

Suitability 
PAI critical load 
(keq/H+/ha/yr) 

Acid 
sensitivity 

Wind 
Erosion Risk 

Water 
Erosion Risk 

Compaction 
Risk 

STPpt/3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 
STPpt/1-2 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STPpt/2-3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 
STPzz/2 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Low High 
STPzz/3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 

STPzz/2-3 Gleysol Glacial Till 3 Fair Fair 0.4 Moderate Low Moderate High 
Water Water Water Water Water Water Water Water Water Water Water 
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TABLE 4A2-2 
 

SOILS RSA SOIL MAP UNIT SUMMARY 

Soil Map Unit Soil Order Parent Material 
PAI Critical Load 

(keq/H+/ha/yr) Acid sensitivity 
BMT Gleysol Glaciofluvial 0.5 Moderate 

DOVxt Luvisol Glaciolacustrine overlying Glacial Till 1.1 Low 
DOVxtgl Luvisol Glaciolacustrine overlying Glacial Till 1.1 Low 

ELS Gleysol Glacial Till 1.1 Low 
FIR Brunisol Glaciofluvial 0.55 Low 

FIRxt Brunisol Glaciofluival overlying glacial till 0.55 Low 
HRR Luvisol Glacial Till 1.1 Low 

HZMaa Luvisol Glacial Till 1.1 Low 
LVK Luvisol Glaciofluvial overlying Glacial Till 1.1 Low 
MLD Organic Organic 1.1 Low 

MLDxt Organic Organic overlying Glacial Till 1.1 Low 
MMW Gleysol Fluvial 1.1 Low 
MRN Organic Organic 0.8 Low 
MUS Organic Organic 0.6 Low 
STP Gleysol Glacial Till 0.4 Moderate 

WATER Water Water Water (Not Applicable) Water (Not Applicable) 
RB RB Rough Broken RB (Not Applicable) RB(Not Applicable) 
DL DL Disturbed Land DL (Not Applicable) DL (Not Applicable) 
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ATTACHMENT 4A3 
 

LAND CAPABILITY CLASSIFICATION SYSTEM CALCULATIONS 



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil X

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

STPptzz

BA 201

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Of 15-0 15 0.06 46 41.40 1.5 1.35
Ae 0-15 15 0.95 2.6 37.05 0.092 1.31
Btg 15-20 5 1.35 0.7 4.73 0.045 0.30

0.00 0.00
0.00 0.00

Bulk density assumed to be 1.2 for Bg ∑ 83.18 ∑ 2.96
 

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Hygric (7a)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



C:N = 28.1

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ae 0-15 15 L 3
Btg 15-50 35 CL 3 TS= 3

0 US= 3
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 83.18 6
Organic Nitrogen Mg ha-1 2.96 4
C/N ratio 28.1 4
Nutrient Retention TS = 3  US = 3 6

N Natural 4
N Reclaimed 2 Cumulative rating ∑ 20

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 81 (a)

66 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 2.5 % D
Reaction pH 33.8 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 27.4

wmpl/fr+wfsbk/f
4.26+4.52
0.48+0.4
1.3+1



Interim Soil Rating - c c = (a)-(b)= 53.6

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 10 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 5.4

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 17 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 3

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 45

Land Capability Rating: 45
Land Capability Class: Class 3
Subclass(es):

General Comments:

wfsbk/f+mma/SLS
4.52+4.71
0.4+0.32
1+0.9

wfsbk/f
4.52
0.4
1

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 15 20 L 3
Btg 5 20 CL 3

20 0 TS= 3
20 0

Btg 30 30 CL 3
30 0
30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 15 20 wmpl/fr 0
Btg 5 20 wfsbk/f 10
0 0 20 TS= 2.5
0 0 20

Btg 30 30 wfsbk/f 10
0 0 30
0 0 30 US= 10
0 0 30

Btg 15 50 wfsbk/f 10
BCg 35 50 mma/SLS 20

50 LS= 17
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 15 20 4.26 40
Btg 5 20 4.52 15
0 0 20 80 TS= 33.75
0 0 20 80

Btg 30 30 4.52 15
0 0 30 80
0 0 30 80 US= 15
0 0 30 80

Btg 15 50 4.52 15
BCg 35 50 4.71 15

0 0 50 80 LS= 15
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 15 20 0.48 0
Btg 5 20 0.4 0
0 0 20 0 TS= 0
0 0 20 0

Btg 30 30 0.4 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Btg 15 50 0.4 0
BCg 35 50 0.32 0

0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 15 20 1.3 0
Btg 5 20 1 0
0 0 20 0 TS= 0
0 0 20 0

Btg 30 30 1 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Btg 15 50 1 0
BCg 35 50 0.9 0

0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

HZMaa

DT61

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 80

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 9-0 9 0.195 34 59.67 1.49 2.61
Ae 0-10 10 1.6 0.85 13.60 0.1 1.60
Btgj 10-20 10 1.6 0.36 5.76 0.1 1.60

0.00 0.00
0.00 0.00

∑ 79.03 ∑ 5.81

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Subhygric (6)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



Note: used TN ave for all LFH 
used TN of 0.1 for A and B (half lwer detection limit; same for all analyzed uplan  C:N = 13.6

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ae 0-10 10 SL 2
Btgj 10-48 38 SL 2 TS= 2
Cgj 48-50 2 C 3 US= 2.07

0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 79.03 6
Organic Nitrogen Mg ha-1 5.81 6
C/N ratio 13.6 6
Nutrient Retention TS = 2  US = 2.07 4.07

N Natural 6
N Reclaimed 6 Cumulative rating ∑ 22

Soil Nutrient Regime Index and Subclass SNR 20

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 100 (a)

80 20
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 7.5 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 7.5

MMPL/FR+WMSBK/F
5.24+5.4
0.28+0.17
0.7+1.1



Interim Soil Rating - c c = (a)-(b)= 92.5

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 11.3 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 7

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 9.2

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 76

Land Capability Rating: 76
Land Capability Class: Class 2
Subclass(es):

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

CMA/F
5.49
0.19
1.2

WMSBK/F+CMA/F
5.4+5.49
0.17+0.19
1.1+1.2



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 10 20 SL 2
Btgj 10 20 SL 2

20 0 TS= 2
20 0

Btgj 28 30 SL 2
Cgj 2 30 C 3

30 0 US= 2.07
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 10 20 MMPL/FR 0
Btgj 10 20 WMSBK/F 15

0 0 20 TS= 7.5
0 0 20

Btgj 28 30 WMSBK/F 10
Cgj 2 30 CMA/F 30
0 0 30 US= 11.333333
0 0 30

Cgj 50 50 CMA/F 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 10 20 5.24 0
Btgj 10 20 5.4 0

0 0 20 80 TS= 0
0 0 20 80

Btgj 28 30 5.4 0
Cgj 2 30 5.49 0
0 0 30 80 US= 0
0 0 30 80

Cgj 50 50 5.49 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 10 20 0.28 0
Btgj 10 20 0.17 0

0 0 20 0 TS= 0
0 0 20 0

Btgj 28 30 0.17 0
Cgj 2 30 0.19 0
0 0 30 0 US= 0
0 0 30 0

Cgj 50 50 0.19 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 10 20 0.7 0
Btgj 10 20 1.1 0

0 0 20 0 TS= 0
0 0 20 0

Btgj 28 30 1.1 0
Cgj 2 30 1.2 0
0 0 30 0 US= 0
0 0 30 0

Cgj 50 50 1.2 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)
LFH 12 0.0 0 0 0
Ae L 12 1.5 18 0 18
Bt C 29 1.6 46.4 0 46.4
C C 14 1.6 22.4 0 22.4

Cgj C 45 1.6 72 0 72
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 158.8

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).
Subclass 'P' where % coarse fragments adjustment is ≥30 mm.

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

HRR

DT63

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 158.8

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 12-0 12 0.085 38 38.76 1.8 1.84
Ae 0-12 12 1.2 2.4 34.56 0.1 1.44
Bt 12-20 8 1.35 0.75 8.10 0.1 1.08

0.00 0.00
0.00 0.00

∑ 81.42 ∑ 4.36

C:N = 18.7

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Mesic (5)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ae 0-12 12 L 3
Bt 12-41 29 C 3 TS= 3
C 41-55 9 C 3 US= 3

0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 81.42 6
Organic Nitrogen Mg ha-1 4.36 4
C/N ratio 18.7 4
Nutrient Retention TS = 3  US = 3 6

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 20

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 81 (a)

66 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 6 % D
Reaction pH 25 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 20.3

Interim Soil Rating - c c = (a)-(b)= 60.7

MMPL/FR+MMSBK/F
4.81+4.17
0.18+0.16
0.8+2



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 16 % D
Reaction pH 32.5 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 13.2

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 6

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 42

Land Capability Rating: 42
Land Capability Class: Class 3
Subclass(es):

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

CMA+CMA
4.63+4.63
0.27+0.27
2.6+2.6

MMSBK/F+CMA/F
4.17+4.63
0.16+0.27
2+2.6



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 12 20 L 3
Bt 8 20 C 3

20 0 TS= 3
20 0

Bt 21 30 C 3
C 9 30 C 3

30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 12 20 MMPL/FR 0
Bt 8 20 MMSBK/F 15
0 0 20 TS= 6
0 0 20
Bt 21 30 MMSBK/F 10
C 9 30 CMA/F 30
0 0 30 US= 16
0 0 30
C 5 50 CMA 30

Cgj 45 50 CMA 30
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 12 20 4.81 15
Bt 8 20 4.17 40
0 0 20 80 TS= 25
0 0 20 80
Bt 21 30 4.17 40
C 9 30 4.63 15
0 0 30 80 US= 32.5
0 0 30 80
C 5 50 4.63 15

Cgj 45 50 4.63 15
0 0 50 80 LS= 15
0 0 50 80

Used the pH from C for the Cgj horizon

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 12 20 0.18 0
Bt 8 20 0.16 0
0 0 20 0 TS= 0
0 0 20 0
Bt 21 30 0.16 0
C 9 30 0.27 0
0 0 30 0 US= 0
0 0 30 0
C 5 50 0.27 0

Cgj 45 50 0.27 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 12 20 0.8 0
Bt 8 20 2 0
0 0 20 0 TS= 0
0 0 20 0
Bt 21 30 2 0
C 9 30 2.6 0
0 0 30 0 US= 0
0 0 30 0
C 5 50 2.6 0

Cgj 45 50 2.6 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil X

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

Ae L 11 1.5 16.5 0 16.5
Bt SCL 44 1.5 66 0 66

IICk SCL 45 1.5 67.5 0 67.5
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 150

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

LVK

KV 216

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 150

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 14-0 14 0.15 36 75.60 1.4 2.94
Ae 0-11 11 1.5 0.95 15.68 0.062 1.02
Bt 11-20 9 1.5 0.54 7.29 0.035 0.47

0.00 0.00
0.00 0.00

Bulk density assumed to be 1.2 for Bg ∑ 98.57 ∑ 4.44
 

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Mesic (5)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



C:N = 22.2

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ae 0-11 11 L 3
Bt 11-50 39 SCL 3 TS= 3

0 US= 3
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 98.57 6
Organic Nitrogen Mg ha-1 4.44 4
C/N ratio 22.2 4
Nutrient Retention TS = 3  US = 3 6

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 20

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 81 (a)

66 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 6.8 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 5.5

Interim Soil Rating - c c = (a)-(b)= 75.5

wfpl/fr+mmsbk/f
5.38+5.46
0.11+0.1
0.3+0.6



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 10 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 5.1

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 28 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 7

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 63

Land Capability Rating: 63
Land Capability Class: Class 2
Subclass(es):

General Comments:

mmsbk/f+mma/f
5.46+5.47
0.1+0.37
0.7+

mmsbk/f
5.46
0.1
0.6

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 11 20 L 3
Bt 9 20 SCL 3

20 0 TS= 3
20 0

Bt 30 30 SCL 3
30 0
30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 11 20 wfpl/fr 0
Bt 9 20 mmsbk/f 15
0 0 20 TS= 6.75
0 0 20
Bt 30 30 mmsbk/f 10
0 0 30
0 0 30 US= 10
0 0 30
Bt 5 50 mmsbk/f 10

IICk 45 50 mma/f 30
50 LS= 28
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 11 20 5.38 0
Bt 9 20 5.46 0
0 0 20 80 TS= 0
0 0 20 80
Bt 30 30 5.46 0
0 0 30 80
0 0 30 80 US= 0
0 0 30 80
Bt 5 50 5.46 0

IICk 45 50 5.47 0
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 11 20 0.11 0
Bt 9 20 0.1 0
0 0 20 0 TS= 0
0 0 20 0
Bt 30 30 0.1 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0
Bt 5 50 0.1 0

IICk 45 50 0.37 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 11 20 0.3 0
Bt 9 20 0.6 0
0 0 20 0 TS= 0
0 0 20 0
Bt 30 30 0.6 0
0 0 30 0.7 0
0 0 30 0 US= 0
0 0 30 0
Bt 5 50 0.7 0

IICk 45 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).
Subclass 'P' where % coarse fragments adjustment is ≥30 mm.

HZMaapt

LW36

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 80

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 17-0 17 0.165 14 39.27 1.1 3.09
Ae 0-5 5 0.93 0.00 0.1 0.00
Btgj 5-34 15 1.25 0.95 17.81 0.1 1.88

0.00 0.00
0.00 0.00

∑ 57.08 ∑ 4.96

C:N = 11.5

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Subhygric (6)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

LFH 17 17 ORG FALSE
Ae 0-5 5 SiL 3 TS= 3
Btgj 5-34 29 C 3 US= 3
Cgj 34-50 16 C 3

0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 57.08 4
Organic Nitrogen Mg ha-1 4.96 4
C/N ratio 11.5 6
Nutrient Retention TS = 3  US = 3 6

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 20

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 95 (a)

80 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 11.3 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 10.7

Interim Soil Rating - c c = (a)-(b)= 84.3

MFPL/FR+MMSBK/F
5.33+5.53
0.13+0.15
0.5+0.7



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 20.7 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 11.7

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 8.3

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 64

Land Capability Rating: 64
Land Capability Class: Class 2
Subclass(es): D

General Comments:

CMA/F
5.87
0.19
1.2

MMSBK/F+CMA/F
5.53+5.87
0.15+0.19
0.7+1.2

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 5 20 SiL 3
Btgj 15 20 C 3

20 0 TS= 3
20 0

Btgj 14 30 C 3
Cgj 16 30 C 3

30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 5 20 MFPL/FR 0
Btgj 15 20 MMSBK/F 15

0 0 20 TS= 11.25
0 0 20

Btgj 14 30 MMSBK/F 10
Cgj 16 30 CMA/F 30
0 0 30 US= 20.666667
0 0 30

Cgj 50 50 CMA/F 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 5 20 5.33 0
Btgj 15 20 5.53 0

0 0 20 80 TS= 0
0 0 20 80

Btgj 14 30 5.53 0
Cgj 16 30 5.87 0
0 0 30 80 US= 0
0 0 30 80

Cgj 50 50 5.87 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 5 20 0.13 0
Btgj 15 20 0.15 0

0 0 20 0 TS= 0
0 0 20 0

Btgj 14 30 0.15 0
Cgj 16 30 0.19 0
0 0 30 0 US= 0
0 0 30 0

Cgj 50 50 0.19 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 5 20 0.5 0
Btgj 15 20 0.7 0

0 0 20 0 TS= 0
0 0 20 0

Btgj 14 30 0.7 0
Cgj 16 30 1.2 0
0 0 30 0 US= 0
0 0 30 0

Cgj 50 50 1.2 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

STP

LW43

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LF 4-0 4 0.115 39 17.94 0.9 0.41
Bg 0-20 20 1.5 1.1 33.00 0.1 3.00

0.00 0.00
0.00 0.00
0.00 0.00

∑ 50.94 ∑ 3.41

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Hygric (7a)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



C:N = 14.9

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Bg 0-34 34 SCL 3
Cg 34-50 16 CL 3 TS= 3

0 US= 3
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 50.94 4
Organic Nitrogen Mg ha-1 3.41 4
C/N ratio 14.9 6
Nutrient Retention TS = 3  US = 3 6

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 20

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 81 (a)

66 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 15 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 12.2

MMSBK/F
5.43
0.1
1



Interim Soil Rating - c c = (a)-(b)= 68.8

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 20.7 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 9.5

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 6.8

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 53

Land Capability Rating: 53
Land Capability Class: Class 3
Subclass(es): D

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

MMA/F
5.79
0.15
1.3

MMSBK/F+MMA/F
5.43+5.79
0.1+0.15
1+1.3



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Bg 20 20 SCL 3
20 0
20 0 TS= 3
20 0

Bg 14 30 SCL 3
Cg 16 30 CL 3

30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Bg 20 20 MMSBK/F 15
0 0 20
0 0 20 TS= 15
0 0 20

Bg 14 30 MMSBK/F 10
Cg 16 30 MMA/F 30
0 0 30 US= 20.666667
0 0 30

Cg 50 50 MMA/F 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Bg 20 20 5.43 0
0 0 20 80
0 0 20 80 TS= 0
0 0 20 80

Bg 14 30 5.43 0
Cg 16 30 5.79 0
0 0 30 80 US= 0
0 0 30 80

Cg 50 50 5.79 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Bg 20 20 0.1 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Bg 14 30 0.1 0
Cg 16 30 0.15 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 0.15 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Bg 20 20 1 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Bg 14 30 1 0
Cg 16 30 1.3 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 1.3 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

MLD4

LW48

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 0

Subclass W

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Of 20 20 0.075 44 66.00 2.1 3.15
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

∑ 66 ∑ 3.15

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Subhydric (8)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



C:N = 21

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Of 20 20 ORG FALSE
Om 50 30 ORG FALSE TS= 0

0 US= 0
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 66 4
Organic Nitrogen Mg ha-1 3.15 4
C/N ratio 21 4
Nutrient Retention TS = 0  US = 0 0

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 12

Soil Nutrient Regime Index and Subclass SNR 5

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 5 (a)

0 5
Subclasses W F

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 0

0
5.59
0.17
1.9



Interim Soil Rating - c c = (a)-(b)= 5

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 0

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 0 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 0

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 5

Land Capability Rating: 5
Land Capability Class: Class 5
Subclass(es): WF

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

0
5.65
0.18
1.2

0
5.55
0.19
1.4



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Of 20 20 ORG 0
20 0
20 0 TS= 0
20 0

Om 30 30 ORG 0
30 0
30 0 US= 0
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Of 20 20
0 0 20
0 0 20 TS= 0
0 0 20

Om 30 30
0 0 30
0 0 30 US= 0
0 0 30

Om 50 50
50
50 LS= 0
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Of 20 20 5.59 0
0 0 20 80
0 0 20 80 TS= 0
0 0 20 80

Om 30 30 5.55 0
0 0 30 80
0 0 30 80 US= 0
0 0 30 80

Om 50 50 5.65 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Of 20 20 0.17 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Om 30 30 0.19 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 50 50 0.18 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Of 20 20 1.9 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Om 30 30 1.4 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 50 50 1.2 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

MUSys

SM08

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 0

Subclass W

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Om 20 20 0.05 47 47.00 1 1.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

∑ 47 ∑ 1

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Subhydric (8)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



C:N = 47

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Om 20 20 ORG FALSE
Om 50 30 ORG FALSE TS= 0

0 US= 0
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 47 4
Organic Nitrogen Mg ha-1 1 2
C/N ratio 47 2
Nutrient Retention TS = 0  US = 0 0

N Natural 2
N Reclaimed 2 Cumulative rating ∑ 8

Soil Nutrient Regime Index and Subclass SNR 0

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 0 (a)

0 0
Subclasses W F

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 0

0
4.32
0.34
1.4



Interim Soil Rating - c c = (a)-(b)= 0

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 0

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 0 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 0

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 0

Land Capability Rating: 0
Land Capability Class: Class 5
Subclass(es): WF

General Comments:

0
4.91
0.41
1.8

0
4.74
0.22
2.8

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Om 20 20 ORG 0
20 0
20 0 TS= 0
20 0

Om 30 30 ORG 0
30 0
30 0 US= 0
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Om 20 20
0 0 20
0 0 20 TS= 0
0 0 20

Om 30 30
0 0 30
0 0 30 US= 0
0 0 30

Om 50 50
50
50 LS= 0
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Om 20 20 4.32 15
0 0 20 80
0 0 20 80 TS= 15
0 0 20 80

Om 30 30 4.74 15
0 0 30 80
0 0 30 80 US= 15
0 0 30 80

Om 50 50 4.91 15
0 0 50 80
0 0 50 80 LS= 15
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Om 20 20 0.34 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Om 30 30 0.22 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 50 50 0.41 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Om 20 20 1.4 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Om 30 30 2.8 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 50 50 1.8 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

LFH 7 0.0 0 0 0
Ae SL 7 1.4 9.8 10 0.98 8.82
Bm SL 41 1.4 57.4 10 5.74 51.66
IICk SL 52 1.4 72.8 10 7.28 65.52

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 126

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

FIRxt

SM23

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 126

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 7-0 7 0.11 43 33.11 1.7 1.31
Ae 0-7 7 1.6 0.68 7.62 0.1 1.12
Bm 7-48 13 1.6 0.42 8.74 0.1 2.08

0.00 0.00
0.00 0.00

Used Db of SL Ae and SL Btgj from DT61 for A and B ∑ 49.46 ∑ 4.51

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Mesic (5)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



C:N = 11

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ae 0-7 7 SL 2
Bm 7-48 41 SL 2 TS= 2
IICk 48-50 2 SL 2 US= 2

0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 49.46 4
Organic Nitrogen Mg ha-1 4.51 4
C/N ratio 11 6
Nutrient Retention TS = 2  US = 2 4

N Natural 4
N Reclaimed 4 Cumulative rating ∑ 18

Soil Nutrient Regime Index and Subclass SNR 15

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 81 (a)

66 15
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 5.3 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 4.3

Interim Soil Rating - c c = (a)-(b)= 76.7

WFPL/FR+SG/L
4.79+5.2
0.22+0.15
0.2+0.3



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 2 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 1

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 7.6

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 68

Land Capability Rating: 68
Land Capability Class: Class 2
Subclass(es):

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

MMA/F
6.8
0.41
0.4

SG/L+MMA/F
5.2+6.8
0.15+0.41
0.3+0.4



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ae 7 20 SL 2
Bm 13 20 SL 2

20 0 TS= 2
20 0

Bm 28 30 SL 2
IICK 2 30 SL 2

30 0 US= 2
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ae 7 20 WFPL/FR 0
Bm 13 20 SG/L 0
0 0 20 TS= 0
0 0 20

Bm 28 30 SG/L 0
IICK 2 30 MMA/F 30

0 0 30 US= 2
0 0 30

IICK 50 50 MMA/F 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ae 7 20 4.79 15
Bm 13 20 5.2 0
0 0 20 80 TS= 5.25
0 0 20 80

Bm 28 30 5.2 0
IICK 2 30 6.8 0

0 0 30 80 US= 0
0 0 30 80

IICK 50 50 6.8 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ae 7 20 0.22 0
Bm 13 20 0.15 0
0 0 20 0 TS= 0
0 0 20 0

Bm 28 30 0.15 0
IICK 2 30 0.41 0

0 0 30 0 US= 0
0 0 30 0

IICK 50 50 0.41 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ae 7 20 0.2 0
Bm 13 20 0.3 0
0 0 20 0 TS= 0
0 0 20 0

Bm 28 30 0.3 0
IICK 2 30 0.4 0

0 0 30 0 US= 0
0 0 30 0

IICK 50 50 0.4 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).
Subclass 'P' where % coarse fragments adjustment is ≥30 mm.

ELSzz

SM38

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

LFH 11-0 11 0.16 33 58.08 1.5 2.64
Ahe 0-20 20 1.13 4 90.40 0.2 4.52

0.00 0.00
0.00 0.00
0.00 0.00

TN = 0.1 = one half of the lower detection limit for total N ∑ 148.48 ∑ 7.16

C:N = 20.7

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Hygric (7a)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ahe 0-20 20 L 3
Cg 20-50 30 CL 3 TS= 3

0 US= 3
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 148.48 6
Organic Nitrogen Mg ha-1 7.16 6
C/N ratio 20.7 4
Nutrient Retention TS = 3  US = 3 6

N Natural 6
N Reclaimed 6 Cumulative rating ∑ 22

Soil Nutrient Regime Index and Subclass SNR 20

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 86 (a)

66 20
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 0

Interim Soil Rating - c c = (a)-(b)= 86

WFPL/FR
5.76
0.17
0.5



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 17.3

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 8.5

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 60

Land Capability Rating: 60
Land Capability Class: Class 3
Subclass(es): D

General Comments:

MMA/F
6.97
0.12
0.6

MMA/F
6.97
0.12
0.6

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ahe 20 20 L 3
20 0
20 0 TS= 3
20 0

Cg 30 30 CL 3
30 0
30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ahe 20 20 WFPL/FR 0
0 0 20
0 0 20 TS= 0
0 0 20

Cg 30 30 MMA/F 30
0 0 30
0 0 30 US= 30
0 0 30

Cg 50 50 MMA/F 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ahe 20 20 5.76 0
0 0 20 80
0 0 20 80 TS= 0
0 0 20 80

Cg 30 30 6.97 0
0 0 30 80
0 0 30 80 US= 0
0 0 30 80

Cg 50 50 6.97 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ahe 20 20 0.17 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Cg 30 30 0.12 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 0.12 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ahe 20 20 0.5 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Cg 30 30 0.6 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 0.6 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil x

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).
Subclass 'P' where % coarse fragments adjustment is ≥30 mm.

MRN

SM74

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 0

Subclass W

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Of 0-20 20 0.065 47 61.10 0.9 1.17
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

∑ 61.1 ∑ 1.17

C:N = 52.2

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Subhydric (8)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Of 0-20 20 ORG FALSE
Of 20-50 30 ORG FALSE TS= 0

0 US= 0
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 61.1 4
Organic Nitrogen Mg ha-1 1.17 2
C/N ratio 52.2 2
Nutrient Retention TS = 0  US = 0 0

N Natural 2
N Reclaimed 2 Cumulative rating ∑ 8

Soil Nutrient Regime Index and Subclass SNR 0

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 0 (a)

0 0
Subclasses W F

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 60 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 0

Interim Soil Rating - c c = (a)-(b)= 0

ORG
3.78
0.16
0.1



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 40 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 0

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 6 % D
Reaction pH 12 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 0

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 0

Land Capability Rating: 0
Land Capability Class: Class 5
Subclass(es): WF

General Comments:

ORG+MMA/F
4.36+5.06
0.09+0.15
0.1+0.5

ORG
4.03
0.07
0.1

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Of 20 20 ORG 0
20 0
20 0 TS= 0
20 0

Of 30 30 ORG 0
30 0
30 0 US= 0
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Of 20 20 ORG 0
0 0 20
0 0 20 TS= 0
0 0 20
Of 30 30 ORG 0
0 0 30
0 0 30 US= 0
0 0 30

Om 40 50 ORG 0
Cg 10 50 MMA/F 30

50 LS= 6
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Of 20 20 3.78 60
0 0 20 80
0 0 20 80 TS= 60
0 0 20 80
Of 30 30 4.03 40
0 0 30 80
0 0 30 80 US= 40
0 0 30 80

Om 40 50 4.36 15
Cg 10 50 5.06 0
0 0 50 80 LS= 12
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Of 20 20 0.16 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0
Of 30 30 0.07 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 40 50 0.09 0
Cg 10 50 0.15 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Of 20 20 0.1 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0
Of 30 30 0.1 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Om 40 50 0.1 0
Cg 10 50 0.5 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil X

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)

0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).

% coarse fragments
adjustment

SMR
Index and
Subclass

80

66

24W

0W

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

ECS pt

SM 203

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30



Subclass 'P' where % coarse fragments adjustment is ≥30 mm.
Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 24

Subclass W

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Om 15-0 15 0.11 34 56.10 1.6 2.64
Ah 0-20 20 0.76 5.1 77.52 0.5 7.60

0.00 0.00
0.00 0.00
0.00 0.00

∑ 133.62 ∑ 10.24

Submesic (4)
Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15

10X
24X

< 56
56-85
86-115

116-145
38X
52

Hygric (7r)

146-175

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower



C:N = 13

Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Ah 0-20 20 C 3
Ck 20-50 30 L 3 TS= 3

0 US= 3
0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 133.62 6
Organic Nitrogen Mg ha-1 10.24 6
C/N ratio 13 6
Nutrient Retention TS = 3  US = 3 6

N Natural 6
N Reclaimed 6 Cumulative rating ∑ 24

Soil Nutrient Regime Index and Subclass SNR 20

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 44 (a)

24 20
Subclasses W

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 0

wfgr/fr
5.06
0.11
0.2



Interim Soil Rating - c c = (a)-(b)= 44

Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 8.8

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 0 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 4.4

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 31

Land Capability Rating: 31
Land Capability Class: Class 4
Subclass(es): W

General Comments:

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60

mma/f
6.47
0.23
0.3

mma/f
6.47
0.23
0.3



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Ah 20 20 C 3
20 0
20 0 TS= 3
20 0

Ck 30 30 L 3
30 0
30 0 US= 3
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Ah 20 20 wfgr/fr 0
0 0 20
0 0 20 TS= 0
0 0 20

Ck 30 30 mma/f 30
0 0 30
0 0 30 US= 30
0 0 30

Ck 50 50 mma/f 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Ah 20 20 5.06 0
0 0 20 80
0 0 20 80 TS= 0
0 0 20 80

Ck 30 30 6.47 0
0 0 30 80
0 0 30 80 US= 0
0 0 30 80

Ck 50 50 6.47 0
0 0 50 80
0 0 50 80 LS= 0
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Ah 20 20 0.11 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Ck 30 30 0.23 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Ck 50 50 0.23 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Ah 20 20 0.2 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Ck 30 30 0.3 0
0 0 30 0
0 0 30 0 US= 0
0 0 30 0

Ck 50 50 0.3 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



LAND CAPABILITY WORKSHEET

SITE ID: MAPUNIT:

SERIES: Natural Soil X

Reclaimed Soil         mark correct choice with an "x"

SOIL MOISTURE REGIME INDEX AND SUBCLASS DETERMINATION

Water table ≤100cm

Moisture 
regime

Surface
organic

thickness

Subhygric
(6)

10-40

Hygric
(7a)

16-40

Hygric
(7r)

16-40

Subhydric
(8)

>40

Hydric
(9) >40

AWHC Calculation (water table >100cm; no gleying)

(vol.) (mm)
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0
0.0 0 0 0

Profile AWHC = (i) 0

Layering Modifiers

Check box if profile information above Impermeable layer 0
meets the criteria for one of the layering Coarse over fine material stratification 0
modifiers for a 15 mm upgrade. Fine over coarse material stratification 0

Layering Effect (ii) 0

Subclass 'O' where ≥15 cm O horizon beginning at 0cm (reclaimed soils).
Subclass 'P' where % coarse fragments adjustment is ≥30 mm.

HLY

SM 207

AWHC
(mm)

Description Water table
depth (cm)

May be <100

30-100

30-100

0-30

0+

Water removed slowly enough to keep the soil wet for a significant part of 
the growing season; some temporary seepage and possible mottling 
below 20 cm.

Hygric aerated: Water removed slowly enough to keep the soil wet for 
most of the growing season; mottling present within 50 cm.

Hygric reduced: Water removed slowly enough to keep the soil wet for 
most of the growing season; >50 percent gley within 50 cm.

Water removed slowly enough to keep the water table at or near
surface for most of the year; organic and gleyed mineral soils;
permanent seepage < 30 cm below soil surface.

0W

Horizon
 Designation Texture Horizon

Thickness Multiplier

Water removed so slowly that the water table is at or above the
soil surface all year; organic and gleyed mineral soils.

AWHC
(mm)

SMR
Index and
Subclass

80

66

24W

0W

% coarse fragments
adjustment



Subclass 'Z' where R, KC, IMP or i horizon occupies ≥30 cm of the profile.

Landscape Modifiers (≥10% slopes)

NW-NE
(316-45)
NE-SE

(46-135)
SE-SW

(136-225)
SW-NW

(226-315)
Circle appropriate slope and aspect combination; toe, depression and level = 0 Landscape Modifier (iii)

Adjusted AWHC

Adjusted AWHC = (i) + (ii) + (iii) = 0

SMR, SMR Index and Subclass
Soil Moisture Regime

SMR Index 66

Subclass

Soil Nutrient Regime Index and Subclass Determination (LFH and 0-20 cm only)

Total C, N and C:N

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)

Bulk
Density
(Mg m3)

TOC
(%)

TOC
(Mg ha-1)

Total N
(%)

Total N
(Mg ha-1)

Om 0-20 20 0.105 44 92.40 1.2 2.52
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Bulk density assumed to be 1.2 for Bg ∑ 92.4 ∑ 2.52
 

C:N = 36.7

-15 0 0

Aspect
(degree range)

Crest

1

Upper

2 4

Mid Lower

10X
24X

< 56
56-85
86-115

116-145
38X
52

Hygric (7a)

146-175
Submesic (4)

Mesic (5) 66

Very Xeric (1)
Xeric (2)

Subxeric (3)

-15 -30 -30 -30

-15 -15 0 0

Moisture regime SMR Index Adjusted AWHC (mm 100cm-1)

-15 0 +15 +15

3

-15



Nutrient retention rating (0-50 cm only)

Horizon
Designation

Depth
(cm)

Horizon
Thickness

(cm)
Texture Assigned

Rating Weighted Average Calculation*

Om 0-20 20 ORG FALSE
Oh 20-42 22 ORG FALSE TS= 0
Cg 42-50 8 L 3 US= 0.8

0
0
0
0
0

Cumulative rating

Parameter Value Rating
Organic Carbon Mg ha-1 92.4 6
Organic Nitrogen Mg ha-1 2.52 4
C/N ratio 36.7 2
Nutrient Retention TS = 0  US = 0.8 0.8

N Natural 4
N Reclaimed 2 Cumulative rating ∑ 13

Soil Nutrient Regime Index and Subclass SNR 10

Base Rating

Base rating = SMR Index + SNR Index = SMR Index + SNR Index = 76 (a)

66 10
Subclasses

LIMITING FACTOR DEDUCTIONS

Topsoil Adjustments (0-20cm)
Factor Value Deduction Subclass
Structure/Consistence 0 % D
Reaction pH 40 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

TS Deduction (b) (b) = (most limiting of D, V, N, Y %)* (a)

(b)= 30.4

Interim Soil Rating - c c = (a)-(b)= 45.6

peat
4.29
0.39
0.4



Upper Subsoil Adjustments (20-50cm)
Factor Value Deduction Subclass
Structure/Consistence 8 % D
Reaction pH 33.3 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

US Deduction (d) (d) = (most limiting of D, V, N, Y %)* c * 0.67

(d)= 10.2

Lower Subsoil Adjustments (50-100cm)
Factor Value Deduction Subclass

Structure/Consistence 30 % D
Reaction pH 15 % V
Salinity EC (dSm-1) 0 % N
Sodicity SAR 0 % Y

LS Deduction (e) (e) = (most limiting of D, V, N, Y %)* (c) * 0.33

(e)= 4.5

Final Land Rating

Final Land Rating = (a) - (b) - (d) - (e) = 31

Land Capability Rating: 31
Land Capability Class: Class 4
Subclass(es):

General Comments:

cma/f
4.76
0.09
0.3

peat+cma/f
4.06+4.76
0.39+0.09
0.4+0.3

21-40
0-20

Class 1
Class 2
Class 3
Class 4
Class 5

Land Capability Ranges Land Capability Class
81-100
61-80
41-60



WEIGHTED AVERAGE CALCULATIONS
Nutrient retention rating

Horizon Horizon
Thickness

Topsoil
Thickness Texture Assigned

rating
Weighted 
Average

Om 20 20 ORG 0
20 0
20 0 TS= 0
20 0

Oh 22 30 ORG 0
Cg 8 30 L 3

30 0 US= 0.8
30 0

LIMITING FACTOR DEDUCTIONS

TS, US & LS Deductions: STRUCTURE

Horizon Horizon
Thickness

Topsoil
Thickness Structure Assigned

rating
Weighted 
Average

Om 20 20 peat 0
0 0 20
0 0 20 TS= 0
0 0 20

Oh 22 30 peat 0
Cg 8 30 cma/f 30
0 0 30 US= 8
0 0 30

Cg 50 50 cma/f 30
50
50 LS= 30
50

TS, US & LS Deductions: REACTION

Horizon Horizon
Thickness

Topsoil
Thickness pH Assigned

rating
Weighted 
Average

Om 20 20 4.29 40
0 0 20 80
0 0 20 80 TS= 40
0 0 20 80

Oh 22 30 4.06 40
Cg 8 30 4.76 15
0 0 30 80 US= 33.333333
0 0 30 80

Cg 50 50 4.76 15
0 0 50 80
0 0 50 80 LS= 15
0 0 50 80

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm



 
 

Can be inferred that TS EC and SAR are equivalent to the upper sub due to low content found.

TS, US & LS Deductions: SALINITY

Horizon Horizon
Thickness

Topsoil
Thickness

EC
(dS m-1)

Assigned
rating

Weighted 
Average

Om 20 20 0.39 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Oh 22 30 0.39 0
Cg 8 30 0.09 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 0.09 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

TS, US & LS Deductions: SODICITY

Horizon Horizon
Thickness

Topsoil
Thickness SAR Assigned

rating
Weighted 
Average

Om 20 20 0.4 0
0 0 20 0
0 0 20 0 TS= 0
0 0 20 0

Oh 22 30 0.4 0
Cg 8 30 0.3 0
0 0 30 0 US= 0
0 0 30 0

Cg 50 50 0.3 0
0 0 50 0
0 0 50 0 LS= 0
0 0 50 0

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm

Lower
Subsoil (LS)
50-100 cm

Topsoil
(TS)

0-20 cm

Upper
Subsoil (US)

20-50 cm
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GLOSSARY OF TERMS 

Acidification  The decrease of acid neutralizing capacity in water, or base saturation in soil, 
caused by natural or anthropogenic processes. Acidification is exhibited as the 
lowering of pH, which can adversely affect aquatic life. 

Acute  A term used to describe chemical exposures that are very short in duration. Health 
Canada specifies acute exposures as those that occur over a period of no longer 
than 14 days.  The term can also be applied to the effects that are associated with 
short duration exposure (i.e., acute effects), or generally used to describe the 
adverse effects resulting from these exposures (i.e., acute toxicity). 

Acute exposure limits  Acute exposure limits were used to gauge the likelihood of health impacts as a result 
of short-term exposures to chemical emissions. 

Ae  A horizon that has been eluviated of clay, iron, aluminum, or organic matter, or all of 
these. 

Aggregate  Many fine soil particles held together in a single cluster, such as a clod or crumb. 
Many properties of an aggregate differ from those of an equal mass of unaggregated 
soil. 

Ah  A horizon in which organic matter has accumulated as a result of biological activity. 

A-horizon  A mineral horizon formed at or near the surface in the zone of removal of materials 
in solution and suspension, or maximum accumulation of organic carbon or both. 

Airshed  Describes the geographic area requiring unified management for achieving air 
pollution control. 

Alberta Ambient Air 
Quality Objective 

 Alberta Ambient Air Quality Objective levels are established for several air 
compounds under Section 14 of the Environmental Protection and Enhancement Act 
(EPEA). The AAAQOs form an integral part of the management of air quality in the 
province, and are used for reporting the state of the environment, establishing 
approval conditions, evaluating proposed facilities with air emissions, assessing 
compliance near major air emission sources and guiding monitoring programs. 

Alberta Environment 
and Water 

 Provincial ministry that looks after the following: establishes policies, legislation, 
plans, guidelines and standards for environmental management and protection; 
allocates resources through approvals, dispositions and licenses, and enforces 
those decisions; ensure water infrastructure and equipment are maintained and 
operated effectively; and prevents, reduces and mitigates floods, droughts, 
emergency spills and other pollution-related incidents. 

Alberta Sustainable 
Resource Development 

 Alberta Sustainable Resource Development (ASRD) is one of the Alberta Ministries 
whose mission is to encourage balanced and responsible use of Alberta’s natural 
resources through the application of leading practices in management, science and 
stewardship. ASRD works with Albertans across the province to ensure a balance 
between the economic, environmental and social values of our province. They fight 
forest fires, manage fish and wildlife, oversee the development of Alberta’s forests, 
and manage the use of public lands. 

Alkalinity  A measure of the capacity of water to neutralize an acid. It indicates the presence of 
carbonates, bicarbonates and hydroxides, and less significantly, borates, silicates, 
phosphates and organic substances. Alkalinity is expressed as an equivalent of 
calcium carbonate. Its composition is affected by pH, mineral composition, 
temperature and ionic strength. However, alkalinity is normally interpreted as a 
function of carbonates, bicarbonates and hydroxides. The sum of these three 
components is called total alkalinity. 

Ambient Sound Level  Background sound level: the sound level that is present in the acoustic environment 
of a defined area. Ambient sound can include sources from transportation 
equipment, animals and nature. 

Anion  A negatively-charged ion. 

Anthropogenic 
distrubance 

 Disturbance caused by human activity/development. 

Application Case  Describes the Baseline Case with the effects of the project added. 
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Aquatic Resources   The biological and ecological features of aquatic environments. 

Aquiclude  An impermeable stratum or material that acts as a barrier to the flow of groundwater. 

Aquifer  A laterally extensive geologic unit that is capable of transmitting formation water at 
the basin scale, especially one that is capable of yielding a useful amount of water to 
a well. 

Aquitard  A geologic unit that stores groundwater but transmits it very slowly due to its 
relatively low hydraulic conductivity. 

Artifact  Any portable object modified or manufactured by man. 

Aspect  Compass orientation of a slope as an inclined element of the ground surface. 

A-weighted sound level  The sound level as measured on a sound level meter using a setting that 
emphasizes the middle frequency components similar to the frequency response of 
the human ear. 

B[a]P  An acronym for benzo[a]pyrene, a carcinogenic polycyclic aromatic hydrocarbon 
(PAH) with the greatest toxic potency. B[a]P was used in the current assessment to 
represent the entire mixture of PAHs and as a component of the benzo[a]pyrene 
equivalent. 

Backfill  Material used to refill an excavated area, such as trench. 

Backfilling  Refilling of the excavated area with backfill. 

Baseline  An initial set of observations or predicted conditions that serve as a reference point 
to which later surveys can be coordinated or correlated. 

Baseline Case  Establishes the conditions that exist or would exist prior to development of the 
project or the conditions that would exist if the project were not developed.  

Basement  The undifferentiated rocks, commonly igneous and metamorphic, that underlie the 
rocks of interest, commonly sedimentary, in a given area. Often basement rocks are 
of Precambrian age. 

Basin  The entire area providing runoff to, and sustaining part or all of the streamflow of, the 
main stream and its tributaries. 

Bedrock  The solid, consolidated body of rock that typically underlies soil, sand, clay, gravel, 
or other unconsolidated material, but may also be exposed at the surface. 

Benthic Invertebrates  Invertebrate organisms living at, in or in association with the bottom (benthic) 
substrate of lakes, ponds and streams. Examples of benthic invertebrates include 
some aquatic insect species (such as caddisfly larvae) that spend at least part of 
their life stages dwelling on bottom sediments in the waterbody. These organisms 
play several important roles in the aquatic community. They are involved in the 
mineralization and recycling of organic matter produced in the water above, or 
brought in from external sources, and they are important second and third links in 
the trophic sequence of aquatic communities. Many benthic invertebrates are major 
food sources for fish. 

Berm  A narrow man-made raised mound, usually adjacent to a ditch. Berms can be used 
as erosion and sediment control measures by reducing the speed of surface runoff 
or redirecting water to vegetated areas. 

B-horizon  A subsoil horizon characterized by: 
 An enrichment in clay, iron, aluminum or humus (Bt or Bf). 
 A prismatic or columnar structure that exhibits pronounced coatings or staining 

associated with significant amounts of exchangeable sodium (Bn or Bnt). 
 An alteration by hydrolysis, reduction, or oxidation to give a change in colour or 

structure from the horizons above or below, or both (Bm). 
Bioavailable  The amount of chemical that enters the general circulation of the body following 

administration or exposure. 

Biochemical Oxygen 
Demand (BOD) 

 The amount of oxygen used by microorganisms in the breakdown or decay of 
organic matter in a water body. It is an indicator of how much oxygen will be 
removed from the water and the resulting stress on the aquatic system. 
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Biodiversity  The variety of plant and animal life in a particular habitat (e.g., plant community or a 
country). It includes all levels of organization, from genes to landscapes, and the 
ecological processes through which these levels are connected. 

Biostabilization  Reducing potential for erosion at a construction site through establishment of 
vegetation cover and root structure. 

Biotic  The living organisms in an ecosystem. 

Bitumen  A highly viscous, tarry, black hydrocarbon material having an API gravity of 
approximately 9° (specific gravity approximately 1.0). It is a complex mixture of 
organic compounds. Carbon accounts for 80 to 85% of the elemental composition of 
bitumen, hydrogen - 10%, sulphur - 5%, and nitrogen, oxygen and trace elements 
the remainder. In its natural state, it is not usually recoverable at a commercial rate 
through a well. 

Bog  Sphagnum or forest peat materials formed in an ombrotrophic environment due to 
the slightly elevated nature of the bog, which tends to disassociate it from the 
nutrient-rich groundwater or surrounding mineral soils. Characterized by a level, 
raised or sloping peat surface with hollows and hummocks. Bogs are mineral-poor, 
acidic and peat-forming wetlands that typically receive water only from precipitation. 

Borden block  Map units of 10’ latitude by 10’ longitude used to facilitate site designation. 

Boreal forest  The northern hemisphere, circumpolar, tundra forest type consisting primarily of 
black spruce and white spruce with balsam fir, birch and aspen. 

Borehole  A hole advanced into the ground by means of a drilling rig. 

Borrow pit  A bank or pit from which earth is taken for use in filling or embanking. Often used in 
the construction of roads. 

Brunisolic  An order of soils whose horizons are developed sufficiently to exclude them from the 
Regolsolic Order but lack the degrees or kinds of horizon development specified for 
soils in other orders. They always have Bm or Btk horizons. 

Bulk density (soil)  The mass of dry soil per unit bulk volume. 

Buried channel  An eroded depression in the subsurface generally having a well-defined channel 
form with steeper sidewalls and a greater depth-to-width ratio than a buried valley. A 
buried channel is inferred to have been eroded by glacial meltwater flowing under 
hydraulic pressure at the base of an ice sheet. In most but not all cases, coarse-
grained sediment is present on the channel floor. Reference: Andriashek and 
Atkinson (2007). 

Buried valley  An eroded depression in the subsurface that is broader than a buried channel with 
shallow sidewalls and not as deeply incised as a buried channel. A buried valley may 
or may not contain extensive fluvial deposits on its floor. Buried valleys are believed 
to have been formed by subaerial drainage that preceded the onset of glaciation. A 
buried valley commonly undergoes multiple fluvial erosional and depositional events 
over time. Reference: Andriashek and Atkinson (2007). 

Canopy closure  The progressive reduction of space between tree crowns in a forest as they grow 
and spread laterally. A canopy in which the individual tree crowns are nearing 
general contact is termed a “closed canopy.” 

Capability  Focuses on the nature and degree of limitations imposed by the physical 
characteristics of a land unit for a certain use. 

Carbon  All organic substances, by definition, contain carbon. Carbon is an element that is 
the foundation of all life. The compounds that comprise living tissues are made of 
carbon atoms arranged in chains or rings and associated with many other elements 
(see soil organic matter). 

Carbonate  Carbonate rocks are composed primarily of calcium or magnesium carbonate and 
are chemical or biochemical in origin, such as limestone. 

Carcinogen  An agent that is reactive or toxic enough to act directly to cause cancer. 

Carnivore  Any of an order of mammals that feed chiefly on flesh or other animal matter rather 
than plants. 
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Carrying capacity  The maximum population size that can be supported by the available resources. 

Cation  A positively-charged ion. Common soil cations include calcium, magnesium, sodium, 
potassium and hydrogen. 

Cation exchange  The interchange between a cation in solution and another on the surface of any 
surface-active material in the soil, such as clay colloids or organic matter. 

Cation exchange 
capacity 

 The total amount of exchangeable cations that a soil can adsorb at a given pH, 
expressed in centimols of positive charge per kg of soil (cmol(+) kg-1). 

Checkdam  Reducing potential for erosion at a construction site through establishment of 
vegetation cover and root structure. 

C-horizon  A mineral horizon comparatively unaffected by the pedogenic processes operative in 
the A and B horizons except for the process of gleying (Cg) or the accumulation of 
calcium carbonate (Cca) or other salts (Csa). A naturally calcareous C-horizon is 
designated Ck. 

Chemicals of potential 
concern (COPC) 

 Chemicals evaluated in the human health risk assessment.  See report for specific 
explanation for each chemical. 

Chronic  A term used to describe chemical exposures that occur over a relatively long period 
of time.  Health Canada defines a chronic exposure as, the repeated daily rate of 
chemical exposure that occurs on a regular basis for a period of at least 90 days in 
duration.  The term can also be applied to the effects that occur as a result of 
exposures of this duration (i.e., chronic effects) or be used to describe adverse 
effects resulting from these exposures (i.e., chronic toxicity). 

Chronic exposure limits  Chronic exposure limits were determined for each chemical of potential concern in 
order to gauge the likelihood of potential health impacts as a result of long-term 
exposures to chemical emissions. 

Classification (soil)  The systematic arrangement of soils into categories and classes on the basis of their 
characteristics. Broad groupings are made on the basis of general characteristics 
and subdivisions on the basis of more detailed differences in specific properties. 

Clastic  Clastic rocks are composed of fragments, or clasts, of pre-existing rock. The term is 
most commonly, but not uniquely, applied to sedimentary rocks. 

Clay  As a particle-size term: a size fraction <0.002 mm equivalent diameter. 

Coarse texture  The texture exhibited by sands, loamy sands and sandy loams except very fine 
sandy loam. 

Coarse woody debris 
(CWD) 

 Fallen trees and large branches on the forest floor with a minimum diameter of 7 cm. 

Compaction  Increasing the density of a material by decreasing the voids between the particles by 
mechanical force. 

Complementary   The value remaining when a proportion is subtracted from a whole. For example, the 
complementary value of 0.3, is 0.7 (i.e., 1.0 - 0.3 = 0.7). 

Concentration  Quantifiable amount of a chemical in a given volume of environmental media, usually 
water.  For many substances, the concentration is expressed as milligrams per litre 
(mg/L), which is the same as parts per million (ppm). 

Concentration  Quantifiable amount of a chemical in environmental media 

Conductivity  Conductivity is the ability of an aqueous solution to carry an electrical current. 
Conductivity in water is affected by the presence of inorganic dissolved solids. 

Conductivity [of water]  A measure of the ability of water to pass an electrical current. Conductivity in water 
is affected by the presence of inorganic dissolved solids such as chloride, nitrate, 
sulfate, and phosphate anions (ions that carry a negative charge) or sodium, 
magnesium, calcium, iron, and aluminum cations (ions that carry a positive charge). 

Conifers/Coniferous  White and black spruce, balsam fir, jack pine and tamarack. 

Connectivity  Connectivity of a landscape may be simply viewed as the degree to which that 
landscape facilitates or impedes movement. Thus, the degree of 'connectedness' will 
vary by species and its inherent ability to move. 
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Conservative approach  Approach taken to incorporate protective assumptions to ensure that risks will not be 
underestimated 

Consistence  (1) The strength of the soil aggregate; (2) The resistance of a material to deformation 
or rupture; (3) The degree of cohesion or adhesion of the soil mass. Terms used in 
soil survey for describing consistence at various soil-water contents are: 

 Wet soil: non-sticky; slightly sticky; sticky; very sticky; non-plastic; slightly 
plastic; plastic and very plastic. 

 Moist soil: loose; very friable; friable; firm; very firm; compact; very compact; 
and extremely compact. 

 Dry soil: loose; soft; slightly hard; hard; very hard; and extremely hard. 
 Cementation: weakly cemented; strongly cemented, and indurated. 

Contaminants  A general term referring to any chemical compound added to a receiving 
environment in excess of natural concentrations. The term includes chemicals or 
effects not generally regarded as “toxic,” such as nutrients, colour and salts. 

Continuous 
variable/parameter 

 A variable that can assume different values between each point (e.g., time, height or 
distance), and can typically be expressed as a decimal. 

Correlation  A statistical measure referring to the relationship between two or more variables 
(events, occurrences, etc.) such that when one variable changes, the other is likely 
to make a corresponding change. If the changes are in the same direction, then the 
variables are positively correlated. If the change is in the opposite direction, the 
variables are negatively correlated. The stronger the association between variables, 
the larger the measure of correlation. 

Cretaceous  A period of the Mesozoic era thought to have covered the span of time between 140 
and 65 million years ago; also, the corresponding system of rocks. 

Criteria air pollutants  Commonly regulated air pollutants (e.g., SO2, NO2, PM2.5, and CO). 

Critical Load  A quantitative estimate of an exposure to one or more pollutants below which 
significant harmful effects on specified sensitive elements of the environment do not 
occur according to present knowledge. For waterbody acidification, the critical load 
represents an estimate of the amount of acidic deposition below which significant 
adverse changes are not expected to occur in a lake’s ecosystem. 

Cross ditch  A shallow ditch cut into the surface of the right-of-way. Cross ditches run parallel to 
and are located on the upslope side of diversion berms (CAPP et al. 2005). 

Cumulative effects  Cumulative effects are changes to the environment that are caused by an action in 
combination with other past, present and future human actions.  

Cumulative 
Environmental 
Management 
Association 

 Cumulative Environmental Management Association – An association of oil sands 
industry, other industry, regional community representatives, regulatory agencies 
and other stakeholders designed to develop systems to manage cumulative effects 
associated with developments in the Oil Sands Region. 

Decibel  A unit of measure of sound pressure that compresses a large range of numbers into 
a more meaningful scale. 

Detection Limit (DL)  The lowest concentration at which individual measurement results for a specific 
analyte are statistically different from a blank (that may be zero) with a specified 
confidence level for a given method and representative matrix. 

Deterministic  A risk analysis approach that uses point estimates values to describe exposure 
parameters.  A deterministic assessment typically represents a worst case scenario, 
by deliberately selecting conservative point estimates to describe exposure 
parameters. 

Devonian  A period of Palaeozoic era thought to have covered the span of time between 400 
and 345 million years ago; also, the corresponding system of rocks. 

Digital Elevation Model  A three-dimensional grid representing the height of a landscape above a given 
datum. 

Diluent  A light liquid hydrocarbon added to bitumen to lower its viscosity and density. This 
thinning agent is used to make heavy oil more fluid so it can be transported. 
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Discharge  In a stream or river, the volume of water that flows past a given point in a unit of time 
(i.e., m3/s). 

Discrete 
variable/parameter 

 A categorical variable or variable that assumes a fixed value (i.e., cannot take on all 
values within the limits of the variable). 

Dissolved Organic 
Carbon (DOC) 

 The dissolved portion of organic carbon water; made up of humic substances and 
partly degraded plant and animal materials. 

Dissolved Oxygen (DO)  Dissolved Oxygen (DO) is a measure of the amount of oxygen in water that is 
available to aquatic organisms. Temperature, salinity, organic matter, biochemical 
oxygen demand, and chemical oxygen demand affect dissolved oxygen solubility in 
water. DO concentration, represented as milligrams per litre (mg/L), is a measure of 
the amount of oxygen the water can actually hold at full saturation. 

Disturbance coefficient  A reduction value applied to habitat within a zone of influence that reflects reduced 
habitat value or species use. 

Disturbed land  Land on which excavation has occurred or upon which overburden has been 
deposited, or both. 

Diversity  The variety, distribution and abundance of different plant and animal communities 
and species within an area. 

Dose  A measure of integral exposure.  Examples include (1) the amount of chemical 
ingested, (2) the amount of a chemical taken up, and (3) the product of ambient 
exposure concentration and the duration of exposure. 

Dose-response 
principle 

 The fundamental principle in toxicology, based on the assumption that the response 
of a specific organism to a chemical is directly related to the amount of chemical that 
is received by the organism.   

Drainage  Soil drainage refers to the frequency and duration of periods when the soil is not 
saturated. Terms used are – rapidly, well, moderately, imperfectly, poorly and very 
poorly drained. 

Drainage basin  The total area that contributes water to a stream. 

Drill Stem Test (DST)  A test used in a well bore to measure the hydraulic properties of a depth interval of 
interest and/or to collect fluid samples. 

Early 
seral/successional 
forest 

 Stand structure is the key indicator of early seral or early successional forests. 
Features of an early seral stand include simple structure where self-thinning has not 
yet occurred with limited amounts of vertical and horizontal stand structure 
complexity. While stand age may be an indicator of early seral forests, it functions 
primarily as a proxy measure of early seral stand structure and may vary with stand 
type. 

Ecodistricts  Landscape units that represent similar geology, landform and vegetation 
characteristics that best reflect overall patterns of landscape features. 

Ecological Land 
Classification 

 A means of classifying landscapes by integrating landforms, soils and vegetation 
components in a hierarchical manner. 

Ecoregion  Ecological regions that have broad similarities with respect to soil, terrain and 
dominant vegetation. 

Ecosection  Clearly recognizable landforms such as river valleys and wetlands at a broad level of 
generalization. 

Ecosite  Ecological units that develop under similar environmental influences (climate, 
moisture and nutrient regime). Ecosite is a functional unit defined by the moisture 
and nutrient regime. It is not tied to specific landforms or plant communities, but is 
based on the combined interaction of biophysical factors that together dictate the 
availability of moisture and nutrients for plant growth. 

Ecosite phase   A subdivision of the ecosite based on the dominant tree species in the canopy. On 
some sites where the tree canopy is lacking, the tallest structural vegetation layer 
determines the ecosite phase. 
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Ecosystem  An integrated and stable association of living and non-living resources functioning 
within a defined physical location. A community of organisms and its environment 
functioning as an ecological unit. For the purposes of assessment, the ecosystem 
must be defined according to a particular unit and scale. 

Ecosystem Biodiversity 
Index  

 The mean value of all metrics calculated for measurable parameters associated with 
the biodiversity of ecosystems. 

Ecosystem Biodiversity 
Potential  

 The mean calculated from the Species Biodiversity Index and the Ecosystem 
Biodiversity Index. 

Ecosystem 
Classification Scheme  

 A method of describing commonly associated ecological patterns according to 
discrete, mutually exclusive categories. 

Ecosystem-specific 
Landscape Biodiversity 
Index  

 The mean value of all metrics calculated for ecosystem-specific measurable 
parameters associated with the biodiversity of landscapes. 

Edaphic  Referring to the soil. The influence of the soil on plant growth is referred to as an 
edaphic factor. 

Edge habitat  Where two or more vegetation types meet and where the environmental conditions 
of each act on the other and differ from that of their interior. 

Effluent  Stream of water discharging from a source. 

Electrical conductivity  A physical quantity that measures the readiness with which a medium conducts 
electricity. Electrical conductivity can be related to the soluble salt content of 
saturated soil extracts and is expressed as dS m-1, mS cm-1 or mmhos cm-1 at 25 
degrees C. 

Emergent vegetation  Erect plants rooted underwater that grow above (emerge from) the surface of the 
water (e.g., cattails). 

Energy equivalent 
sound level 
(Leq) 

 The Leq is a single-number average, A-weighted sound level that represents 
cumulative acoustical energy as measured over a specified time interval. This 
interval should be specified in brackets following the Leq (e.g.: Leq (9) is a nine-hour 
Leq). 

Energy Resources 
Conservation Board 

 An independent, quasi-judicial agency of the Government of Alberta. The purpose of 
the ERCB is to regulate the safe, responsible, and efficient development of Alberta's 
energy resources: oil, natural gas, oil sands, coal, and pipelines. The ERCB's stated 
mission is to ensure that the discovery, development and delivery of Alberta's energy 
resources take place in a manner that is fair, responsible and in the public interest. 

Entrainment  The incidental trapping of small fish and other small aquatic organisms past 
screening devices at the pump intake structure. 

Entrapment  The incidental trapping of large fish and other large aquatic organisms at the pump 
intake. 

Environmental Impact 
Assessment (EIA) 

 A review of the effects that a proposed development may have on the local and 
regional environment. 

Ephemeral  A phenomenon or feature that last only a short time (i.e., an ephemeral stream is 
only present for short periods during the year). 

Equivalent land 
capability 

 The ability of the land to support various land uses after conservation and 
reclamation is similar to the ability that existed prior to an activity being conducted on 
the land, but that the individual land uses will not necessarily be identical. 

Erosion  The process by which material, such as rock or soil, is worn away or removed by 
wind or water. 

Escarpment  A cliff or steep slope at the edge of an upland area. The steep face of a river valley. 

Ethylbenzene  An aromatic hydrocarbon with the chemical formula C8H10. Often present in small 
amounts in bitumen. 

Eutrophic  Pertaining to a lake or other body of water characterized by large nutrient 
concentrations such as nitrogen and phosphorus and resulting high productivity. 
Such waters are often shallow, with algal blooms and periods of low oxygen. 
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Eutrophication  Excessive richness of nutrients in a lake or other waterbody. 

Evaporation  The process by which water is transferred from open water surfaces to the 
atmosphere. 

Evaporite  A sediment that is deposited from aqueous solution as a result of extensive or total 
evaporation. 

Evapotranspiration  The combined losses of water from the earth’s surface to the atmosphere through 
evaporation and transpiration. 

Exceedance  An emission or ambient concentration whose measured value is more than that 
allowed by government regulations. 

Exposure  Estimated dose of chemical that is received by a particular receptor via a specific 
exposure pathway (e.g., ingestion, inhalation); expressed as the amount of chemical 
received, per body weight, per unit time (e.g., mg/kg/day). 

Exposure Assessment  Quantification of the total exposure or dose of chemicals received by human 
receptors via all relevant exposure pathways 

Exposure Limit  Represents the dose of the chemical that is expected to be without effect on even 
the most sensitive subjects following exposure for a prescribed time period. 

Exposure Pathways  Refer to the avenues by which the chemicals of potential concern can reach the 
various receptors.   

Fauna  An association of animals living in a particular place or at a particular time. 

Fecundity  Capability of producing offspring. 

Fen  A peat-covered or peat-filled wetland with a high water table that is usually at or 
above the surface. Sedge peat materials derived primarily from sedges with 
inclusions of partially decayed stems of shrubs formed in a eutrophic environment 
due to the close association of the material with mineral rich waters. Minerotropic 
peat-forming wetlands that receive surface moisture from precipitation and 
groundwater. Fens are less acidic than bogs, deriving most of their water from 
groundwater rich in calcium and magnesium. 

Fine texture  Consisting of or containing large quantities of the fine fractions, particularly silt and 
clay. 

Fish salvage  Removal of live fish from an isolated work area using various techniques such as 
electroshocking, minnow trapping and netting. 

Flare  A device for disposing of combustible gases from refining or chemical processes by 
burning in the open. 

Fledging  Developmental stage when young birds’ feathers and wing muscles are sufficiently 
developed for flight and they leave the nest, at least periodically. 

Floodplain  Land near rivers and lakes that may be inundated during seasonally high water 
levels (i.e., floods). 

Flume  A large pipe installed to permit the passage of water from the upstream side of the 
dam to the stream channel downstream of the work area (CAPP et al. 2005). 

Fluvial  Of or relating to a stream or river. 

Fluvial material  Sediment deposited by flowing water, as in a riverbed, flood plain, or delta. Also 
known as alluvium or alluvion. 

Footprint  All lands subject to direct disturbance from the Project and associated infrastructure.  

Forage area  The area used by an organism for hunting or gathering food. 

Forage fish  Small fish that provide food for larger fish (e.g., longnose sucker, fathead minnow). 

Forb  Broad-leaved herb that is not grass or grass-like. 

Ford crossing  Vehicle crossing (wading) in a shallow area employed for short term access across a 
watercourse by construction vehicles and equipment when an existing crossing is 
not available or practical to use. 
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Forest succession  The process of change in a forest as one plant community or stand condition is 
replaced by another, evolving toward the climax type of vegetation. 

Fragmentation  The process of breaking into pieces or sections. For example, habitat fragmentation 
is a landscape-scale process by which continuous habitat is broken up into 
progressively smaller, more isolated patches. Fragmentation effects, which are 
changes in spatial configuration of habitat, must be distinguished from effects of 
habitat loss alone. 

FRAGSTATS   Software, developed by McGarigal et al. (2002), used for the calculation of metrics 
that can be used to characterize spatial patterns in a landscape. 

Fugitive emissions  Substances emitted from any source except those from stacks and vents. Typical 
sources include gaseous leakage from valves, flanges, drains, volatilization from 
ponds and lagoons, and open doors and windows. Typical particulate sources 
include bulk storage areas, open conveyors, construction areas or plant roads. 

Gabion  A rectangular container made from thick galvanized wire, filled with rock and stacked 
on one another to protect bank slopes and prevent erosion. 

Generalist 
forager/predator 

 Species that eats a wide variety of plants/prey. 

Genotoxic  Adverse effects that occur at the molecular level, when a chemical interacts directly 
with genetic material such as DNA.    

Geographic Information 
System 

 Computer software designed to develop, manage, analyze and display spatially 
referenced data. 

Geotextile  Water-permeable fabric used in association with soil to filter out suspended sediment 
and protect exposed stream banks from erosion. 

Glacial till  Unsorted and unstratified glacial drift (generally unconsolidated) deposited directly 
by a glacier without subsequent reworking by water from the glacier. Consisting of a 
heterogeneous mixture of clay, silt, sand, gravel and boulders varying widely in size 
and shape. 

Glaciofluvial  Pertaining to the meltwater streams originating from glaciers/ice sheets, and 
especially to the deposits and landforms produced by these streams; relating to the 
combined action of glaciers and streams. 

Glaciolacustrine  Relating to the lakes that formed at the edge of glaciers as the glaciers receded, and 
especially to the deposits and landforms composed of suspended material brought 
to these lakes by meltwater streams. Glaciolacustrine sediments are commonly 
laminar deposits of fine sand, silt and clay. 

Gleysolic  An order of soils developed under wet conditions and permanent or periodic 
reduction. These soils have low chromas or prominent mottling or both in some 
horizons. The great groups Gleysol, Humic Gleysol and Luvic Gleysol are included in 
the order. 

Grab sample  A single sample collected at a particular time and place that represents the 
composition of the water only at that time and place. 

Gradient-flow class   A categorical scheme for characterizing variation of flow along lotic drainage 
features according to the Stream Grade Index. 

Grading  Reshaping of the approach slopes to planned grades as determined by engineering 
survey evaluation and layout. 

Gramnoid  Grasses or grass-like plants such as sedges and rushes. 

Groundwater  That part of the subsurface water that occurs beneath the water table, in soils and 
geologic formations that are fully saturated. 

Groundwater recharge  Water that enters the saturated zone by a downward movement through soil and 
contributes to the overall volume of groundwater. 

Grubbing  A construction activity that involves removing vegetation, tree roots and stumps and 
surface soil from the pipeline right-of-way or other areas that will be under 
development (CAPP et al. 2005). 

Guild  A set of co-existing species that share a common resource. 
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Habitat  The place or environment where a plant or animal naturally or normally lives or 
occurs. 

Habitat alienation  The loss of habitat effectiveness as a result of sensory disturbances from human 
activities at disturbed sites. 

Habitat effectiveness  The ability of a habitat to provide life requisite(s) and to be used by wildlife, including 
the physical characteristics associated with the suitability of a habitat. The 
effectiveness of a habitat often considers sensory habitat features (e.g., noise, light, 
proximity to disturbance) in addition to physical habitat characteristics (e.g., 
vegetation community, stand age/structure, etc.). 

Habitat fragmentation  Occurs when extensive, continuous tracts of habitat are reduced by habitat loss to 
dispersed and usually smaller patches of habitat. Generally reduces the total amount 
of available habitat and reduces remaining habitat into smaller, more isolated 
patches. 

Habitat suitability   Ability of habitat characteristics to provide life requisite(s) of a species (i.e., habitat 
quality) 

Habitat Suitability Index 
(HSI) Model 

 Analytical tools for determining the relative potential of an area to support an 
indicator species. The index provides an indication of the capacity of habitat 
components to supply the life requisites of the species.. They are frequently used to 
quantify potential habitat losses and gains for wildlife as a result of various land use 
activities. 

Habitat Suitability 
Rating 

 A categorical rating applied to different areas of the landscape that corresponds to 
the anticipated habitat suitability for a wildlife indicator. Based on the output of HSI or 
RSPF models.  

Hard edge  A clear transition or high contrast edge between habitat types, i.e., forest to meadow 
or forest to anthropogenic feature such as a cutblock or road. 

Hardness  A measure of the amount of certain dissolved substances in water, primarily calcium 
and magnesium, which is calculated mainly from the calcium and magnesium 
concentrations in water; originally developed as a measure of the capacity of water 
to precipitate soap. The hardness of water is environmentally important since it is 
inversely related to the toxicity of some metals (e.g., copper, nickel, lead, cadmium, 
chromium, silver and zinc). 

Headwaters  The source and upper tributaries of a stream or river.  

Health Effect Endpoint  A measurable biological response which may compromise the health of a human 
receptor, which is used as a point of reference for assessing exposure to a particular 
chemical.   

High watermark  The visible high water mark of any lake, stream, or other body of water where the 
presence and action of the water are so common and usual and so long continued in 
all ordinary years as to mark upon the soil of the bed of the lake, river stream, or 
other body of water a character distinct from that of the banks, both in vegetation 
and in the nature of the soil itself. Typical features may include a natural line or 
"mark" impressed on the bank or shore, indicated by erosion, shelving, changes in 
soil characteristics, destruction of terrestrial vegetation, or other distinctive physical 
characteristics. 

Historic Resources 
Value (HRV) 

 A numeric value assigned by the Historic Resources Management Branch of Alberta 
Culture and Community Services (ACCS) to historical resource sites and lands 
under provincial jurisdiction in the Province of Alberta, indicating the relative value of 
the site. 

Historical/Heritage 
Resources 

 Works of nature or of humans, valued for their palaeontological, archaeological, 
prehistoric, historic, cultural, natural, scientific or aesthetic interest. 

Home range  Area used by an individual to meet life requisites, such as foraging, providing 
security cover, thermal cover, mating, and caring for young. It is established to 
ensure survival during critical periods. 
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Horizon (soil)  A layer of mineral or organic soil or soil material approximately parallel to the land 
surface that has characteristics altered by processes of soil formation. It differs from 
adjacent horizons in properties such as colour, structure, texture and consistence, 
and in chemical, biological and mineralogical composition. The outer layers are 
either nonsoil layers such as rock and water or layers of unconsolidated material 
considered to be unaffected by soil-forming processes. 

Human Health Risk 
Assessment (HHRA) 

 The process of defining and quantifying risks and determining the acceptability of 
those risks to human life. 

Hydraulic conductivity  The permeability of soil or rock to water. The coefficient (K) depends on the physical 
properties of formation and fluid. “K” is the rate of flow per unit cross-sectional area 
under the influence of a unit gradient, and has the dimension of length3/length2 x 
time or length/time (e.g. m/s). 

Hydraulic gradient  A measure of the force of moving groundwater through soil or rock. It is measured as 
the rate of change in total head (i.e., elevation) per unit distance of flow in a given 
direction. Hydraulic gradient is commonly shown as being dimensionless, since its 
units are metres/meter. If not specified, the direction generally is understood to be 
that of the maximum rate of decrease in head. 

Hydraulic head  The elevation, with respect to a specified reference level, at which water stands in a 
piezometer connected to the point in question in the soil. Its definition can be 
extended to soil above the water table if the piezometer is replaced by a 
tensiometer. The hydraulic head in systems under atmospheric pressure may be 
identified with a potential expressed in terms of the height of a water column. More 
specifically, it can be identified with the sum of gravitational and capillary potentials, 
and may be termed the hydraulic potential. 

Hydrogeology  The study of the factors that deal with subsurface water (groundwater) and the 
related geologic aspects of surface water. Groundwater as used here includes all 
water in the zone of saturation beneath the earth’s surface, except water chemically 
combined in minerals. 

Hydrology  The science of dealing with the occurrence, distribution, and circulation of water on 
or in the earth, including their physical and chemical properties, and their reaction 
with the environment. 

Hydrostatic testing  Pressure testing of a pipeline prior to commissioning or as part of a preventative 
program, using water or other medium. 

Hydrostratigraphic 
column 

 A schematic representation of geological strata that are classified based on their 
hydraulic characteristics (i.e., aquifer, aquitard or aquiclude). 

Hydrostratigraphic unit  A formation, part of a formation or a group of formations for which there are similar 
hydraulic characteristics allowing for grouping into an aquifer, aquitard or aquiclude. 

Incidental observation  An observation of interest to the Project but which was not the direct focus of field 
activities at the time of observation. Also includes observations detected outside the 
boundaries defined by survey and analysis protocols.  

Indicator  Anything that is used to measure the condition of something of interest. Indicators 
are often used as variables in the modelling of changes in complex environmental 
systems. 

Injection well  A well used for injecting fluids (air, steam, water, natural gas, gas liquids, 
surfactants, alkalines, polymers, etc.) into an underground formation for the purpose 
of increasing recovery efficiency. 

In-Situ  Also known as “in place”. Refers to methods of extracting deep deposits of oil sands 
without removing the groundcover. The in-situ technology in oil sands uses 
underground wells to recover the resources with less impact to the land, air and 
water than for oil sands mining. 

Irritant chemicals  Chemicals which cause irritation at the site of contact (e.g., skin, nasal).  These 
chemicals produce local adverse effects, and do not produce effects in areas away 
from the site of contact. In the current assessment, irritant chemicals included, 
carbon disulphide, carbon monoxide, nitrogen dioxide, sulphur dioxide, and carbonyl 
sulphide. 

Isopach map  A geological map of strata showing the variations in thickness. 
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Isopleth  A line on a map connecting places sharing the same feature (e.g., ground-level 
concentrations). 

Lacustrine  Sediments that have been transported or deposited by water or wave action. 
Generally consisting of stratified sand, silt or clay, or moderately well sorted and 
stratified sand and coarser material deposited in lake water and later exposed. 

Land capability  The ability of the land to support a given land use based on an evaluation of the 
physical, chemical and biological characteristics of the land, including topography, 
drainage, hydrology, soils and vegetation. 

Land Cover 
Classification (LCC) 

 A classification of landscapes at the regional scale based on spectral analysis of 
satellite imagery. Categories are based on the Alberta Ground Cover Classification 
(AGCC) strata. 

Landform  General term for the configuration of the ground surface as a factor in soil formation; 
it includes slope steepness and aspect as well as relief. Also, configurations of land 
surfaces taking distinctive forms and produced by natural processes (e.g., hill, valley, 
plateau). 

Landscape   A geographic region with defined boundaries and is composed of patches that have 
been characterized according to an ecosystem classification scheme. 

Landscape Biodiversity 
Potential  

 The mean calculated from the Patch-specific Landscape Biodiversity Index and the 
Ecosystem-specific Landscape Biodiversity Index. 

Landscape diversity  The size, shape and connectivity of different ecosystems across a large area. 

Late seral/successional 
forest 

 Stand structure is the key indicator of late seral or late successional forests. Defining 
features of a late seral stand include multi-layered canopies, large snags and coarse 
woody debris, canopy gaps, large diameter living trees, and understory vegetation 
that includes tree species uncommon in the canopy. While stand age may be an 
indicator of late seral forests, it functions primarily as a proxy measure of the onset 
of late seral stand structure and may vary with stand type. 

Leaching  The removal, by water, of soluble matter from regolith or bedrock. 

Leakage  The seepage of water from one hydrostratigraphic unit to another. It may be natural 
or anthropogenic. 

Linear corridor  Roads, seismic lines, pipelines and electrical transmission lines, or other long, 
narrow disturbances. 

Lithology  The systematic description of sediment and rocks in terms of composition and 
texture. 

Littoral zone  The zone in a lake that is closest to the shore. It includes the part of the lake bottom, 
and its overlying water, between the highest water level and the depth where there is 
enough light (about 1% of the surface light) for rooted aquatic plants and algae to 
colonize the bottom sediments. 

Loam  A mixture of sand, silt and clay. See soil texture. 

Local Study Area (LSA)  The area surrounding and including the Project Area, where there is a reasonable 
potential for immediate environmental impacts dues to ongoing project activities.  

Lower lift  The second lift of soil materials (subsoil) salvaged for reclamation comprised of 
material below the upper lift to a depth deemed appropriate relative to specific site 
conditions. 

Luvisolic  An order of soils than have eluvial (Ae) horizons and illuvial (Bt) horizons in which 
silicate clays is the main accumulation product. The soils developed under forest or 
forest-grassland transition in a moderate to cool climate. The Gray Luvisol great 
group is the most common in western Canada. 

Main stem  The primary channel of a river, or the primary river in a drainage basin. 

Major ions  Molecules or atoms missing one or more electrons that occur naturally in water as a 
result of the geochemical weathering of rocks, surface runoff, and atmospheric 
deposition. The eight major ions (calcium, magnesium, sodium, potassium, 
bicarbonate, carbonate, sulphate, and chloride) account for most of the total 
dissolved solids in surface waters. 
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Map unit  A portion of the soil landscape with attributes varying within narrow limits that are 
determined by the intensity of survey and its objectives such as land use planning 
and management requirements. 

Maternal den  Den used for maternal care of young; may be a different den from the natal (birth) 
den. 

Mean   The average value calculated among a set of numbers. 

Measurable Parameter 
(Parameter)  

 A biological or ecological factor that is known to vary with biodiversity in a 
predictable manner. 

Merchantable forest  A forest area with potential to be harvested for protection of lumber/timber or wood 
pulp. Forests with a timber productivity rating of moderate to good. 

Mesotrophic  Trophic state classification for lakes characterized by moderate productivity and 
nutrient inputs (particularly total phosphorus). 

Metamorphosis  Process of transformation from an immature form to an adult form in two or more 
distinct stages. 

Metric   A function or index by which a measurable parameter is quantified. 

Microclimate  Variations of the climate within a given area, usually influenced by hills, hollows, 
structures or proximity to bodies of water. A microclimate differs substantially from 
the general climate of a region. 

Mineral Soil  Soils containing low levels of organic matter. Soils that have evolved on fluvial, 
glaciofluvial, lacustrine and morainal parent material. 

Mitigation  A means of reducing the significance of adverse effects. Under CEAA, mitigation is 
"the elimination, reduction or control of the adverse environmental effects of the 
project, and includes restitution for any damage to the environment caused by such 
effects through replacement, restoration, compensation or any other means". 

Moraine  An unstratified, non-sorted deposit of gravel, boulders, sand and finer materials 
which has been transported by a glacier, also known as glacial till. 

Movement corridor  Travel way used by wildlife for daily, seasonal, annual and/or dispersal movements 
from one area or habitat to another. 

Multi-use corridor  Includes the access road, above-ground pipes, transmission line, as well as any 
required below ground pipelines required for the Project.  

Muskeg  A soil type comprised primarily of organic matter. Also known as bog peat. 

Naphthenic acids  Generic name used for all the organic acids present in crude oils. 

Natal den  Den used for birth and maternal care of young. 

Nitrogen  A non-metallic element found in soil that is an essential plant nutrient. 

NOAEL  No-Observed-Adverse-Effect-Level.  The highest dose of a stressor to an organism 
evaluated in a toxicity test that causes no statistically significant difference in effect 
as compared with the controls. 

Non-carcinogen  A chemical that does not cause cancer and has a threshold concentration below 
which adverse effects are not expected. 

Non-threshold 
chemicals 

 “Non-threshold” chemicals comprise a select group of substances which potentially 
can produce cancer through a genetically-mediated mechanism.   

NOx  A measure of the oxides of nitrogen comprised of nitric oxide (NO) and nitrogen 
dioxide (NO2). 

Nutrient  A chemical element or inorganic compound taken in by an organism and essential to 
growth. Major plant nutrients include nitrogen, phosphorus, carbon, oxygen, sulphur, 
and potassium. 

Observation well  A constructed controlled point of access to an aquifer which allows groundwater 
observations. Small diameter observation wells are often called piezometers. Deep 
observation wells are also used to monitor the bitumen reservoir. 
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Oil Sands Region  The Oil Sands Region includes the Fort McMurray – Athabasca Oil Sands 
Subregional Integrated Resource Plan (IRP), the Lakeland Subregional IRP and the 
Cold Lake – Beaver River Subregional IRP. 

Old growth forest  An ecosystem distinguished by large old living trees and related structural attributes. 
Old growth encompasses the later stages of stand development that typically differ 
from earlier stages in a variety of characteristics which may include tree size, large 
standing dead trees or snags (dead trees broken off at the top), complex canopy 
structure, accumulations of large dead woody material, species composition and 
ecosystem function. 

Oligotrophic  Trophic state classification for lakes characterized by low productivity and low 
nutrient inputs (particularly total phosphorus). 

Omnivore/omnivorous  Species that are generalists in their feeding strategies (e.g., may eat herbaceous 
vegetation, berries, live prey, carion). 

Order (soil)  A category in the Canadian System of Soil Classification. Soils within an order have 
one or more common characteristics. 

Organic (soil)  An order of soils that have developed dominantly from organic deposits. The majority 
of organic soils are saturated for most of the year, unless artificially drained. The 
great groups include Fibrisol, Mesisol, Humisol and Folisol. 

Organic carbon (soil)  The percent by weight of carbon in organic forms in soil materials, determined by the 
difference between total carbon (determined by dry combustion) and inorganic 
carbon (determined by acid dissolution). 

Organic matter  The decomposition residues of biological materials derived from: 
 Plant and animal materials deposited on the surface of soils. 
 Roots and microorganisms that decay beneath the surface of the soil. 

Organic soil  Soils containing high percentages of organic matter (fibric and humic inclusions). 

Organics  Chemical compounds, naturally occurring or otherwise, which contain carbon, with 
the exception of carbon dioxide (CO2) and carbonates (e.g., CaCO3). 

Outcrop  A geologic unit that is exposed at the earth’s surface. 

Overburden  The unconsolidated soil, sand, silt or clay that overlies consolidated bedrock. 

Overwintering habitat  Habitat used during the winter as a refuge and for feeding. 

Palaeozoic  An era of geologic time, from the end of the Precambrian to the beginning of the 
Mesozoic, or from about 570 to about 225 million years ago. 

Parent material  The unconsolidated and more or less chemically weathered mineral or organic 
matter from which pedogenic processes develop the solum of a soil. 

Particle size  The effective diameter of a particle measured by sedimentation, sieving or 
micrometric methods. 

Particle size 
distribution 

 The amount of the various soil separates (sand, silt, clay) in a soil, usually expressed 
as weight percentages. 

Particulate Matter 
(PM) 

 A mixture of small particles and liquid droplets, often including a number of 
chemicals, dust and soil particles. May be relatively large and derived from crustal 
sources such as road dust (>10μm), or be relatively small and derived from 
combustion sources both natural and anthropogenic sources (2.5 to 10μm), or be 
derived through reactions in the atmosphere (secondary particulates; <2.5μm). 

Patch   A single occurrence of an ecosystem within a landscape. 

Patch-specific 
Landscape Biodiversity 
Index  

 The mean value of all metrics calculated for patch-specific measurable parameters 
associated with the biodiversity of landscapes. 

Patterned fen  Peatlands that display a distinctive pattern due to alterations between open wet 
areas (flarks) and drier shrubby to wooded areas (strings). 

Peat  Unconsolidated material consisting largely of organic residues accumulated as a 
result of incomplete decomposition of dead plant constituents under conditions of 
excessive moisture. 
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Peatland  Areas where there is an accumulation of peat material at least 40 cm thick. These 
are represented by bog and fen wetlands types. 

Permeability (of habitat)  Degree to which habitat allows unrestricted movement by a given species. 

Permissible sound  The allowable overall A-weighted sound level of noise from energy industry level 
sources, as specified by the ERCB Noise Control Directive, which may contribute to 
the sound environment of a residential location. 

pH  The degree of acidity (or alkalinity) of soil or water, calculated as the negative 
logarithm (base 10) of the molar concentration of dissolved hydronium (H3O+) ions 
on a scale from 1 (most acidic) to 14 (most alkaline).. A difference of one pH unit 
represents a ten-fold change in hydrogen ion concentration. 

pH (soil reaction)  The negative logarithm of the hydrogen-ion activity of a soil. The degree of acidity or 
alkalinity of a soil as determined by means of glass, quinhydrone or other suitable 
electrode or indicator at specified moisture content of soil-water ratio and expressed 
in terms of the pH scale. 

Phenology  Cyclic and seasonal natural phenomena. 

Piezometer  A pipe in the ground in which the elevation of water levels can be measured, or a 
small diameter observation well. 

Piezometric surface  If water level elevations in wells completed in an aquifer are plotted on a map and 
contoured, the resulting surface described by the contours is known as a 
potentiometric or piezometric surface. 

Planned Development 
Case 

 Describes the environmental conditions that would exist as a result of the interaction 
of the proposed project, other existing projects and other planned projects that can 
be reasonably expected to occur. 

Point estimate  Refers to a single numerical value used to describe a particular exposure parameter 
in the deterministic analysis of a risk assessment. For example, when considering 
body weights, only one value is chosen to represent the population rather than a 
range of values.  Single values are chosen for all exposure parameters, resulting in 
one level of risk that “roughly” represents the exposed population.  Most times, the 
point estimate is deliberately chosen to represent an average, a conservative, or 
worst-case scenario. 

Polycyclic Aromatic 
Hydrocarbon (PAH) 

 Hydrocarbons with two or more benzene rings formed by the incomplete combustion 
of organic materials such as wood, coal, and refuse. They are a chemical byproduct 
of petroleum related industry. Aromatics are considered to be highly toxic 
components of petroleum products. When carried in water, they can pose a threat to 
human health and aquatic life. Toxicity increases along with molecular size and 
degree of alkylation of the aromatic nucleus. The lower molecular weight PAHs (two 
or three benzene rings) are acutely toxic to aquatic life. PAHs with four to seven 
rings are not as acutely toxic, but several are known to be carcinogenic. 

Porosity  The volume percentage of total bulk not occupied by solid particles. 

Potential Acid Input  A composite measure of acidification determined from the relative quantities of 
deposition from background and industrial emissions of sulphur, nitrogen and base 
cations. 

Potentiometric surface  The surface indicated on a map of contoured hydraulic heads. 

Primary road  Paved road/highway (associated with year-round high traffic volumes). 

Problem formulation  Characterization of the project and site, identification of chemicals of potential 
concern,  characterization of receptors, and identification of exposure pathways to 
be evaluated in the risk assessment 

Produced water  Water that is released with hydrocarbons (oil, gas, and crude bitumen) from an oil or 
gas well. Produced water is separated from the oil and gas and is measured and 
reported to the Energy Resources Conservation Board. 

Productivity  Natural capability of habitats that comprise the aquatic environment to produce 
healthy fish that are safe for human consumption, or to support or produce the 
naturally occurring diversity of aquatic organisms upon which fish  depend (CAPP et 
al. 2005). 
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Profile (soil)  A vertical section of the soil through all horizons, extending into the parent material. 

Project Area  Includes all lands subject to direct disturbance from the project and associated 
infrastructure.  

Qualified Aquatic 
Environmental 
Specialist (QAES) 

 A specialist that possesses a post-secondary degree in biological sciences, a 
technical diploma in biological sciences, or educational equivalencies; has a detailed 
knowledge of aquatic environment, including fish and fish habitat, management and 
assessment, and is currently experienced with fisheries and aquatic environment 
assessment methods, and the determination of mitigation measures required to 
maintain the productive capacity of the aquatic environment, including fish habitats in 
Alberta that may be adversely affected by the carrying out of works in and adjacent 
to the water, bed and shore of water bodies (Code of Practice for Watercourse 
Crossings 2000). 

Rank-order distribution   The distribution of a data series that has been ranked and ordered sequentially from 
smallest to largest. 

Rare plants  A native plant species found in restricted areas, at the edge of its range or in low 
numbers within a province, state, territory or country. 

Receptor  The person or organism subjected to exposure to chemicals or physical agents. 

Reclamation  The restoration of disturbed or wasteland to a state of useful capability. Reclamation 
is the initiation of the process that leads to a sustainable landscape, including the 
construction of stable landforms, drainage systems, wetlands, soil reconstruction, 
addition of nutrients and revegetation. This provides the basis for natural succession 
to mature ecosystems suitable for a variety of end uses. 

Redd  A depression in sand or gravel on a river bed, excavated by salmon, trout, or other 
fish for egg deposition. 

Reference 
concentration (RfC) 

 Refers to the safe levels of air-borne chemicals in which the primary (and almost 
exclusive) avenue of exposure is through inhalation.  It is expressed as a 
concentration of the chemical in air (e.g., µg/m3). 

Reference dose (RfD)  Refers to the safe levels of non-carcinogenic chemicals to which exposure occurs 
through multiple pathways, both direct and indirect.  It is most commonly expressed 
as a total intake limit of the chemical (e.g., milligrams per kilogram body weight of 
the receptor, per day). 

Regeneration  The natural or artificial process of establishing young trees. 

Regional Aquatics 
Monitoring Program 

 RAMP was established to determine, evaluate and communicate the state of the 
aquatic environment in the Athabasca Oil Sands Region. 

Regional Study Area 
(RSA) 

 The area within which there is the potential for cumulative and socio-economic 
effects, and that will be relevant to the assessment of any wider-spread effects of the 
project.  

Relative abundance  Refers to how common or rare a particular species is relative to other species in a 
defined location or community. 

Residual effect  Effects that remain after mitigation has been applied. 

Resilience  Ability to recover from change. 

Resistivity  A measure of how strongly a material opposes the flow of electrical current. 

Resource selection 
probability function 
(RSPF) model 

 A model that estimates the probability of a wildlife species’ occurrence as a function 
of the availability of resource or habitat variables (e.g., vegetation cover, slope, 
moisture regime, road density, etc.). 
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Restricted Activity 
Period (RAP) 

 The time period during which fish migration, fish spawning, egg incubation, fry 
emergence or early fry development are likely to occur in a water body. Activities in 
or along fish-bearing waters during this period are considered high risk for causing 
harm to fish populations. The intent of RAPs is to protect fish, their eggs and 
juveniles and habitats from harm, through avoidance or full mitigation of any 
potentially harmful activities. Proponents of activities should plan their work to avoid 
RAPs. If unable to do so, proponents will be required to collect specific fish habitat 
and fish data to show the relative location of spawning habitat and activity and 
presence of fish within and near to the work area, and to use this information to 
develop a sound plan to avoid harm to fish and habitat. 

Richness   The number of an enumerated item (e.g., species richness is the number of 
species). 

Right-of-way  A strip of land usually between 18 m and 36 m wide over and around pipelines 
acquired from landowners, other utilities or government entities by obtaining an 
easement, permit, license, or through purchase. 

Riparian  Refers to terrain, vegetation or simply a position next to or associated with a stream, 
floodplain or standing waterbody. 

Riprap  A foundation or revetment made of irregularly placed stones or pieces of boulder on 
earth surfaces (e.g. stream banks) to reduce erosion of underlying soil or material by 
water (CAPP et al. 2005). 

Risk  The likelihood or probability that the toxic effects associated with a chemical or 
physical agent will be produced in populations of individuals under their actual 
conditions of exposure. Risk is usually expressed as the probability of occurrence of 
an adverse effect, i.e., the expected ratio between the number of individuals that 
would experience an adverse effect at a given time and the total number of 
individuals exposed to the factor. Risk is expressed as a fraction without units and 
takes values from 0 (absolute certainty that there is no risk, which can never be 
shown) to 1.0, where there is absolute certainty that a risk will occur. 

Risk assessment  Process that evaluates the probability of adverse effects that may occur, or are 
occurring on target organism(s) as a result of exposure to one or more stressors. 

Risk characterization  Comparison of estimated exposures with exposure limits, in order to identify 
potential health risks. 

Risk quotient (RQ) 
value 

 An approach to risk characterization which involves the comparison of the estimated 
exposure with the appropriate exposure limit.  The risk quotient is calculated for each 
relevant pathway of exposure, and the total RQ for a specific chemical is calculated 
by summing individual RQ values from each route of exposure assessed. 

Risk-specific 
concentration (RsC) 

 Reserved for non-threshold carcinogens and refers to the air concentration of the 
carcinogen to which exposure on a chronic (i.e., lifetime) basis results in a 
predefined “acceptable” incidence of cancer, again set at 1 in 100,000 in the current 
study.  It is used to assess carcinogens in which the primary (and almost exclusive) 
avenue of exposure is through inhalation. 

Risk-specific dose 
(RsD) 

 Reserved for non-threshold carcinogens and refers to the dose of the carcinogen 
received on a daily basis over a lifetime that results in an “acceptable” increased 
incidence of cancer, 1 in 100,000 in the current risk assessment. 

Runoff  The portion of water from rain and snow that flows over land to streams, ponds or 
other surface waterbodies. It is the portion of water from precipitation that does not 
infiltrate into the ground, or evaporate. 

Saline soil  A non-alkali soil containing soluble salts in such quantities that they interfere with the 
growth of most crop plants. The conductivity of the saturation extract is greater than 
4 dS m-1 (or mmhos cm-1), the exchangeable-sodium percentage is less than 15 
and the pH is usually less than 8.5. 

Sand  A soil particle between 0.05 and 2.0 mm in diameter. 

Saturation extract  The solution extracted from a saturated soil paste prepared using distilled water. 

Saturation percentage  Percent of the void volume in soil that is filled with water. 

Secondary road  Unpaved year-round use roads. 
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Sediment  Solid material that is transported by, suspended in, or deposited from water. It 
originates mostly from disintegrated rocks; it also includes chemical and biochemical 
precipitates and decomposed organic material, such as humus. The quantity, 
characteristics and cause of the occurrence of sediment in streams are influenced by 
environmental factors. Some major factors are degree of slope, length of slope soil 
characteristics, land usage and quantity and intensity of precipitation. 

Sedimentation  The process of subsidence and deposition of suspended matter carried by water, 
wastewater or other liquids, by gravity. It is usually accomplished by reducing the 
velocity of the liquid below the point at which it can transport the suspended material. 

Sensory disturbance  Visual, auditory, or olfactory stimulus that creates a negative response in wildlife 
species. 

Settling basin  An artificial basin built in order to allow for settling out of suspended sediment in the 
stream. 

Sightability  The ability of surveyors to visually detect their subject. In some situations, only a 
subset of the available subjects will be detected, resulting in an underestimate of the 
number of individuals present.   

Silt  A soil separate consisting of particles between 0.05 to 0.002 mm in equivalent 
diameter. 

Silt fence  Temporary sediment control device used on construction sites to protect water 
quality in nearby watercourses from sediment in stormwater runoff. 

Sodicity  A measure of the amount of sodium on the exchange complex (often expressed as 
sodium adsorption ratio – SAR). 

Sodium adsorption 
ratio (SAR) 

 A ratio for soil extracts and irrigation waters used to express the relative activity of 
sodium ions in exchange relations with soil, where the ionic concentrations are 
expressed in milliequivalents per litre. 

Soil  The naturally occurring, unconsolidated mineral or organic material at least 10 cm 
thick that occurs at the earth’s surface by mans activities such as cultivation and 
logging but not displaced materials such as mine spoils. 

Soil capability  The nature and degree of limitations imposed by the physical, chemical and 
biological characteristics of a soil unit for forest productivity. 

Soil map  A map showing the distribution of soil types or other soil mapping units in relation to 
the prominent physical and cultural features of the earth’s surface. 

Soil map unit  A defined and named repetitive grouping of soil bodies occurring together in an 
individual and natural characteristic pattern over the soil landscape. The attributes of 
a map unit vary within more or less narrow limits than are determined by the intensity 
of the survey. A map unit comprises all the map delineations that have the same 
name. A map unit is conceptual. 

Soil moisture  Water contained in the soil. 

Soil moisture regime  Represents the available moisture supply for plant growth on a relative scale. It is 
assessed through an integration of species composition and soil and site 
characteristics. Moisture regime ranges from very dry to wet. 

Soil nutrient regime  Amount of essential nutrients that are available for plant growth. The determination 
of nutrient regime requires the integration of many environmental and biotic 
parameters. Soil nutrient regime occurs on a relative scale ranging from very poor to 
very rich. 

Soil series  A soil series is a conceptual class that has defined limits of soil properties including 
horizon depth and expression, colour, texture, structure, consistence, stoniness, 
salinity, pH and soil drainage. A soil series is a specified soil subgroup on a 
particular parent material. In soil mapping, the names of the dominant soil series are 
often used to name the map units. 
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Soil structure  The combination or arrangement of primary soil particles into secondary particles, 
units or peds. These secondary units may be, but usually are not, arranged in the 
profile in such a manner as to give a distinctive characteristics pattern. The 
secondary units are characterized and classified on the basis of size, shape and 
degree of distinctiveness into classes, types and grades. Common terms for 
structure are: single grain, amorphous, blocky, subangular blocky, granular, play, 
prismatic and columnar. 

Soil survey  The systematic examination, description, classification and mapping of soils in an 
area. Soil surveys are ranked according to the kind and intensity of field 
examination. 

Soil type  In ecosite classification soil types are functional taxonomic units used to stratify soils 
based on soil moisture regime, effective soil texture, organic matter, thickness and 
soil depth. The concept of soil type is more general than that of a soil series in this 
context. 

Special conservation 
status 

 Species status or rank that indicates the species is declining or is at risk of declines 
that may threaten its persistence or conservation. 

Species  A group of organisms that actually or potentially interbreed and are reproductively 
isolated from all other such groups; a taxonomic grouping of genetically and 
morphologically similar individuals; the category below genus. 

Species Biodiversity 
Index  

 The mean value of all metrics calculated for measurable parameters associated with 
the biodiversity of species. 

Species diversity  A measure which includes a consideration of the total number of species detected 
within an area and their relative abundance. 

Species richness  The count of the total number of species that are detected within a specified area, or 
within a set or collection of individuals. 

Specific storage  The volume of water that an aquifer releases from storage, per volume of aquifer, 
per unit decline in hydraulic head. 

Spoil  Excavated materials removed as a result of digging the trench. 

Sport / game fish  Large fish caught for food or sport (e.g., northern pike, Arctic grayling). 

Spring break up  Thawing of snow and ice often resulting in closure of work camps and temporary 
suspension of construction activities. 

Spring freshet  A spring flooding of rivers and streams resulting from snow and ice melt. 

Stakeholder  People or organizations with an interest or share in an undertaking, such as a 
commercial venture. 

Standardized metric   The value of a metric for a specific ecosystem, calculated relative to the maximum 
metric value among all ecosystems. The ecosystem exhibiting the greatest value 
among all assessed ecosystems would have a standardized metric value of 1.00. 

Steam Assisted Gravity 
Drainage (SAGD) 

 An in-situ oil sands recovery technique that involves the use of two 
horizontal wells, one to inject steam and a second to produce the bitumen. 
The process involves injecting steam into oilsand deposits to reduce the 
bitumen’s viscosity so it can flow and be produced to surface. 

Storativity  The volume of water an aquifer releases from, or takes into, storage per unit surface 
area of the aquifer, per unit change in head. It is equal to the product of specific 
storage and aquifer thickness. In an unconfined aquifer, the storativity is equal to the 
specific yield. 

Stratigraphy  The succession and age of strata of rock and unconsolidated material. Also 
concerns the form, distribution, lithologic composition, fossil content and other 
properties of the strata. 

Stream Grade Index   A measure of a lotic drainage feature’s gradient and flow derived from a remotely-
sensed digital elevation model. 

Streambed  The channel occupied or formerly occupied by a natural stream of water. 
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Stripping  Removal of top soil to a predetermined depth during construction activities. Topsoil 
is then salvaged and stockpiled to be used over the disturbed area after grading. 

Structural stage  The structure and age of an ecosystem based on vertical structure, canopy closure 
and tree size. Progresses from nonvegetated to old forest ecosystems. 

Sub-basin  A drainage basin within a larger drainage basin. The sub-basin provides runoff to the 
drainage system of the larger basin.  

Subcrop  A geologic unit that is exposed beneath an overlying geologic layer, usually at an 
unconformity. 

Subsoil  Although a common term it cannot be defined accurately. It can also be defined as 
the zone below the plowed soil in which roots normally grow. In this publication it 
refers to the soil material between 20 cm and 100 cm depth. 

Succession  A series of dynamic changes by which one group of organisms succeeds another 
through stages leading to a climax community. 

Successional stage  A stage or recognizable condition of a forest community that occurs during its 
development from bare ground to climax. 

Successional trajectory  Changes in plant community structure and composition that can be measured over 
time and interpreted in order to predict the most likely climax plant community for a 
specific area, with increasing confidence over time. Successional trajectories are 
dependent on the degree and type of disturbance, the availability of propagules, the 
competitive ability of post-disturbance survivors and short-term changes to surface 
site conditions due to removal of tree cover. See “succession”. 

Sump  A low-lying area or a man-made depression that collects water. 

Surface water  Water bodies such as lakes, ponds, wetlands, rivers, and streams, as well as 
groundwater with a direct and immediate hydrological connection to surface water 
(for example, water in a well beside a river). 

Surficial aquifer  A surficial deposit containing water considered an aquifer. 

Surficial deposit  A geologic deposit (clay, silt or sand) that has been placed above bedrock. 

Suspended sediment  Fine-grained particles that remain in suspension in a water column for a 
considerable period of time before settling out. 

Suspended sediments  Particles of matter suspended in the water. Measured as the oven dry weight of the 
solids, in mg/L, after filtration through a standard filter paper. Less than 25 mg/L 
would be considered clean water, while an extremely muddy river might have 200 
mg/L of suspended sediments. 

Systemic  Refers to the fact that chemicals need to be absorbed, and transported to their site 
of action (i.e.,target organ) in order to produce adverse effects.  This is in contrast to 
locally acting chemicals, which produce effects at the site of contact. 

Take-off ditch  A ditch designed to direct run-off water away from the road and deposit it in a 
vegetated area so that suspended sediment can settle out. 

Tarpaulin  Waterproofed material, used to cover and protect things from moisture. Used for 
erosion and sediment control. 

Temporary crossing  A watercourse crossing that will remain in place for a maximum period of 6 months 
from the date that the crossing is constructed (Code of Practice for Watercourse 
Crossings 2000). 

Terms of Reference 
(TOR) 

 Outline the scope of the Project assessment as determined by Alberta Environment 
and Water in consultation with the public. 

Terrestrial resources   The biological and ecological features of terrestrial environments. 

Tertiary road  Unpaved, seasonal use roads. 

Texture (soil)  The relative proportions of sand, silt and clay (soil separates). It is described in terms 
such as sand (S), loamy sand (LS), sandy loam (SL), silt (Si), silty loam (SiL), loam 
(L), silty clay loam (SiCL), clay loam (CL), sandy clay loam (SCL), silty clay (SiC), 
clay (C), sandy clay (SC) and heavy clay (HC). 
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Thalweg  The line defining the lowest points along the length of a river bed or valley. Within 
rivers, the deep channel area. 

Threshold (ecological)  A point at which further degradation of some ecosystem component will cause a 
rapid alteration of a defined aspect of ecosystem function (such as the loss of one or 
more species).  

Threshold limits  Chemicals which act via a threshold mechanism of action require a minimal 
concentration level to produce adverse effects.  Below this specific threshold level, 
there is no potential for adverse effects to occur. 

Till  Unsorted and unstratified glacial drift (generally unconsolidated) deposited directly 
by a glacier without subsequent reworking by water from the glacier. Consisting of a 
heterogeneous mixture of clay, silt, sand, gravel and boulders (i.e. drift) varying 
widely in size and shape. 

Tolerable daily intake  Also referred to as a reference dose (RfD); indicates the maximum allowable daily 
dose of a chemical that a receptor can receive over their entire lifetime, that is not 
associated with adverse health effects.   

Topographic gradient  Change in elevation between two points. 

Topsoil  The organo-mineral surface A-horizon or organic surface O-horizon; dark-coloured 
surface soil materials, e.g. first lift. First lift materials are usually removed to the 
depth of the first easily identified colour change or to specified depth where colour 
change is poor and contain the soil Ah, Ap, O or Ahe horizon. Other horizons may be 
included in the first lift if specified. 

Total Dissolved Solids 
(TDS) 

 The total concentration of all dissolved compounds solids found in a water sample. 
Total Dissolved Solids measurements are often used to estimate a water body’s 
salinity, which may affect the distribution of aquatic organisms.  

Total extractable 
hydrocarbons 

 Hydrocarbons within weights in the diesel and fuel oil range (i.e., C11 to C30). 

Total Kjeldahl Nitrogen 
(TKN) 

 The sum of organic nitrogen, ammonia (NH3) and ammonium (NH4
+). 

Total Organic Carbon 
(TOC) 

 Total organic carbon is composed of both dissolved and particulate forms. Total 
organic carbon is often calculated as the difference between Total Carbon (TC) and 
Total Inorganic Carbon (TIC). Total organic carbon has a direct relationship with both 
biochemical and chemical oxygen demands, and varies with the composition of 
organic matter present in the water. Organic matter in soils, aquatic vegetation and 
aquatic organisms are major sources of organic carbon. 

Total Suspended Solids 
(TSS) 

 The amount of suspended substances in a water sample. Solids, found in 
wastewater or in a stream, which can be removed by filtration. Suspended solids 
include a wide variety of materials such as silt, decaying plant matter, industrial 
wastes, and sewage. 

Toxic  A substance, dose or concentration that is harmful to a living organism. 

Toxicity Assessment  Identification of potential health effects associated with the chemicals of potential 
concern and determination of exposure limits of each. 

Traditional Ecological 
Knowledge 

 Knowledge and understanding about the land and how the land works. 

Traditional Land Use  Knowledge about the use of the land by Aboriginal people including activities 
involving the harvest of traditional resources such as hunting and trapping, fishing, 
gathering medicinal plants and travelling to engage in these activities. 

Transmissivity  The product of the average coefficient of hydraulic conductivity (or permeability) and 
the thickness of the aquifer. Consequently, transmissivity is the rate of flow under a 
hydraulic gradient equal to unity through a cross section of unit width over the whole 
thickness of the aquifer. It is designated by the symbol T. It has the dimension of 
length3/time x length or length2/time (e.g. m2/d). 

Trench spoil  The excavated material from the pipeline trench, following topsoil removal. 
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Trophic status  The overall level of biological productivity (or fertility) of a water body. It is usually 
defined by the concentrations of key nutrients (phosphorus and nitrogen) and the 
algae present. Lakes in Alberta are categorized into four trophic levels: oligotrophic 
(low productivity), mesotrophic (moderate productivity), eutrophic (high productivity), 
and hypereutrophic (very high productivity). 

Turbidity  Turbidity is a measure of water clarity, which is measured by the how much the 
material suspended in water decreases the passage of light. It is determined by the 
presence of suspended matter such as clay, silt, organic matter, and living 
organisms. 

Uncertainty factor  A unitless numerical value that is applied to a reference toxicological value (i.e., 
NOAEL) to account for uncertainties in the experimental data used to derive the 
toxicological value (e.g., short testing period, lack of species diversity, etc.) and to 
increase the confidence in the safety of the exposure dose as it applies to species 
other than the test species (e.g., sensitive individuals in the human population. 

Unconformity  A surface of erosion or nondeposition that separates younger strata from older 
strata. 

Understory  Those trees or other vegetation in a forest stand below the main canopy level. 

Upland areas  Areas that have typical ground slopes of 1 to 3%. 

Uptake  The process by which a chemical crosses an absorption barrier and is absorbed into 
the body. 

Upper lift  The first lift of soil materials (topsoil) salvaged for reclamation which comprise a 
mixture of the organic and A-horizons of the soil solum and perhaps a portion of the 
B-horizon to a depth of about 15 to 30 cm depending upon site specific conditions. 

Volatile Organic 
Compound 

 Aldehydes and all of the hydrocarbons except for ethane and methane. VOCs 
represent the airborne organic compounds likely to undergo or have a role in the 
chemical transformation of pollutants in the atmosphere. 

Volatiles  Organic compounds containing one or more carbon atoms which evaporate readily 
to the atmosphere. VOCs do not include photochemically non-reactive compounds 
such as methane, ethane and the chlorofluorocarbons (CFCs). 

Water quality  The chemical, microbiological, and physical characteristics of water. 

Water quality 
guidelines 

 The allowable contaminant concentration in water. Guidelines are used to define 
water quality according to the use of the water source. For example, water quality 
guidelines are developed for drinking water, agricultural, industrial, and recreational 
water use and for the protection of aquatic life. 

Water table  The shallowest saturated ground below ground level - technically, that surface of a 
body of unconfined groundwater in which the pressure is equal to atmospheric 
pressure. 

Waterbody  A general term that refers to any location where water flows or is present, whether or 
not the flow or the presence of water is continuous, intermittent, or occurs only 
during a flood. This includes, but is not limited to, wetlands and aquifers, ponds, 
bays, lakes, estuaries and marine areas. 

Watercourse  A general term that refers to riverine systems such as creeks, brooks, streams and 
rivers. 

Watershed  The area of land bounded by topographic features that drains water to a larger 
waterbody such as a river, wetlands or lake. Watershed can range in size from a few 
hectares to thousands of kilometres. A watershed is often made up of a number of 
sub-watersheds that contribute to its overall drainage. 

Wetlands  Land where the water table is at, near or above the surface or which is saturated for 
a long enough period to promote such features as wet-altered soils and water 
tolerant vegetation. Wetlands include organic wetlands or “peatlands,” and mineral 
wetlands or mineral soil areas that are influenced by excess water but produce little 
or no peat. 
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Whole mixture model 
(WMM) 

 A model used to assess the carcinogenic potency of and the exposure to, mixtures 
of polycyclic aromatic hydrocarbons (PAHs).  The WMM is based on the 
assumptions that the PAH profile and the potency of PAH fractions are reasonably 
similar between different PAH mixtures from various sources (e.g., coke oven 
emissions, coal tar). A unit cancer risk for B[a]P as a marker for PAH mixtures has 
been derived based on a weight-of-evidence review of numerous epidemiology and 
rodent toxicity studies. 

Wildlife  Under the Species at Risk Act, wildlife is defined as a species, subspecies, variety or 
geographically or genetically distinct population of animal, plant or other organism, 
other than a bacterium or virus that is wild by nature and is native to Canada or has 
extended its range into Canada without human intervention and has been present in 
Canada for at least 50 years. 

Wildlife mortality risk  Risk that wildlife death will occur. 

Wireline well log  A well log made by running instruments down a well on a wireline. The instruments 
are designed to measure the physical and chemical properties of the in-situ rocks 
and their contained fluids. Also known as geophysical well logs. 

Worst-case  A semi-quantitative term referring to the maximum possible exposure, dose or risk 
that can conceivably occur, whether or not this exposure, dose, or risk actually 
occurs or is observed in a specific population. It should refer to a hypothetical 
situation in which everything that can plausibly happen to maximize exposure, dose, 
or risk does happen. The worst-case may occur in a given population, but since it is 
usually a very unlikely set of circumstances in most cases, a worst-case estimate will 
be somewhat higher than what occurs in a specific population. 

Xylene  A group of three benzene derivatives which encompasses ortho-, meta- and para- 
isomers of dimethyl benzene. 

Zone of influence  Area in proximity to disturbance that typically results in avoidance or reduced use. 
For example, the area of bed and banks of the water body that will be altered or 
disrupted as a result of the works and where 90% of the sediment discharged as a 
result of the works will be deposited. 
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ABBREVIATIONS AND UNITS OF MEASURE 

Acronym Full Name 
- Minus 
# Number 
% Percent 
< Less Than 
> More Than 
Σ Sum 
≈ Equal To 
≤ Less Than Or Equal To 
≥ More Than Or Equal To 
° Degree 
°C Temperature in degrees Celsius 
µg Micrograms 
µg/d Microgram per day 
µg/kg bw/d Microgram per kilogram of bodyweight per day 
µg/m3 Microgram per cubic metre 
µm  Micrometres (Microns) 
µS/cm Microsiemens per centimetre 
µS/cm Microsiemens Per Centimetre 
95UCLM 95th upper confidence limit on the mean 
AAAQG Alberta Ambient Air Quality Guideline 
AAAQO Alberta Ambient Air Quality Objective 
AAC Annual Allowable Cut 
AADT Average annual daily traffic 
AAFRD Alberta Agriculture, Food and Rural Development 
AAQG Ambient Air Quality Guideline 
AAQO Ambient Air Quality Objectives 
ABMI Alberta Biodiversity Monitoring Institute 
ABMP Alberta Biodiversity Monitoring Program 
ACA Alberta Conservation Association 
ACC Alberta Caribou Committee 
ACCS Alberta Culture and Community Services (formerly Alberta Culture and 

Community Spirit) 
ACGIH American Conference of Governmental Industrial Hygienists 
ACIMS Alberta Conservation Information Management System 
ACMF Air Contaminant’s Management Framework 
ADM Air Monitoring Directive 
ADMF Acid Deposition Management Framework 
AENV Alberta Environment 
AEP Alberta Environmental Protection 
AEW Alberta Environment and Water 
AGCC Alberta Ground Cover Classification 
AGRASID Agriculture Region of Alberta Soil Inventory Database 
AHW Alberta Health and Wellness 
Al-Pac Alberta-Pacific Forest Products Inc. 
AMD Air Monitoring Directive 
ANHIC Alberta Natural Heritage Information Centre 
ANPC Alberta Native Plant Council 
ANSI American National Standards Institute 
AOA Area Operating Agreement 
AOSA Athabasca Oilsands Area 
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Acronym Full Name 
AOSERP Alberta Oil Sands Environmental Research Program 
API American Petroleum Institute 
APOS Alberta Professional Outfitters Society 
AQMG Air Quality Model Guideline 
ASL Ambient sound level 
asl above sea level 
ASME American Society of Mechanical Engineers 
ASRD Alberta Sustainable Resource Development 
ASTM American Society for Testing and Materials 
Atm-m³/mol Henry’s Law constant in atmospheres cubic meter per mole 
ATPR Alberta Tourism, Parks and Recreation 
ATSDR Agency for Toxic Substances and Disease Registry 
ATV All terrain vehicle 
AUC Alberta Utilities Commission 
avg. Average 
AVI Alberta Vegetation Inventory 
AWI Alberta Wetland Inventory 
AWIS Alberta Wetland Inventory Standards 
BATEA Best Available Technology Economically Achievable 
bbl Barrel 
bbl/d Barrels per day 
BC British Columbia 
BC MELP British Columbia Ministry of Environment, Lands and Parks 
BC MOE British Columbia Ministry of Environment 
BC MOF British Columbia Ministry of Forests 
BC MSRM British Columbia Ministry of Sustainable Resource Management 
BCI Bray-Curtis Dissimilarity Index 
BCS Bureau of Chemical Safety 
BD Blowdown 
BlackPearl BlackPearl Resources Inc. 
BMD Benchmark doses 
BOD Biological oxygen demand 
C&R Conservation and Reclamation 
C:N Carbon to Nitrogen ratio 
Ca calcium 
Ca2+ calcium ion 
Ca(OH²) Hydrated lime 
CAC Criteria air contaminant or common air contaminant 
CaCl2 calcium chloride 
CaCO3 Calcium carbonate 
Cal EPA California Environmental Protection Agency 
Canadian Natural Canadian Natural Resources Limited 
CanSIS  Canada Soil Information System 
CAPP Canadian Association of Petroleum Producers 
CAPEX Capital Expenditure 
CARB California Air Resources Board 
CASA Clean Air Strategic Alliance  
CCME Canadian Council of Ministers of the Environment 
CCS Canadian Cancer Society 
CCTV Closed Circuit Television 
CDE Carbon dioxide equivalents 
CEC (Soils) Cation exchange capacity  
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Acronym Full Name 
CEM continuous emissions monitoring 
CEMA Cumulative Environmental Management Association 
CEPA Canadian Environmental Protection Act 
Cenovus Cenovus Energy Inc. 
CH4 Methane 
CL Critical load 
CLI Canada Land Inventory 
cm centimetre 
cm2 square centimetre 
CMAQ Community Multiscale Air Quality 
CNRL Canadian Natural Resources Ltd. 
CNT Consultative Notation 
CO Carbon monoxide 
CO2 Carbon dioxide 
CO2e Carbon dioxide equivalent 
Cogen Cogeneration power plant 
COPC Chemicals of Potential Concern 
COPD chronic obstructive pulmonary disease 
COSEWIC  Committee on the Status of Endangered Wildlife in Canada 
cP CentiPoises 
CPF Central Processing Facility 
CPUE Catch-per-unit-effort 
C&R Conservation and Reclamation 
CRB Conservation and Reclamation Business Plan 
CRISP Comprehensive Regional infrastructure Sustainability Plan 
CRN Canadian registration Number 
CRSA Caribou Regional Study Area 
CS2 carbon disulphide 
CSA Canadian Standards Association 
CSS Cyclic Steam Stimulation 
CTL Coniferous Timber License 
CV chemical values 
CV (Biodiversity) Coefficient of Variation 
CWD Course Woody Debris 
CWQG Canadian Water Quality Guidelines 
CWS Canada-Wide Standards 
CWS (Wildlife) Canadian Wildlife Service 
d day 
dB Decibel 
dBA Decibel A-weighted sound level 
dBC Decibel C-weighted sound level 
dbh Diameter at breast height 
DCC Daubenmire cover class 
DEM Digital elevation models 
DFO Department of Fisheries and Oceans Canada 
Dilbit Diluted Bitumen 
DRS Disposition Reservations 
dS/m  deciSiemens per metre, a unit of EC 
DST Drill Stem Test 
DUC Ducks Unlimited Canada 
dv deciview 
DWD Drilling waste disposal 
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Acronym Full Name 
e3m3/d Thousands of standard cubic metres per day 
EC (air) Environment Canada 
EC  electrical conductivity 
Eco-SSL Ecological soil screening level 
EIA Environmental Impact Assessment 
ELC Ecological Land Classification 
EMCLA Ecological Monitoring Committee for the Lower Athabasca 
ENGOs Environmental Non-Government Organizations 
EO Element Occurrence 
EPA Environmental Protection Agency 
EPEA Environmental Protection and Enhancement Act 
EPT Ephemeroptera, Plecoptera and Trichoptera 
ERCB Energy Resources Conservation Board 
ERP Emergency Response Plan 
ESA Environmentally Significant Area 
ESAR East Side of the Athabasca Caribou Range 
ESCC Endangered Species Conservation Committee 
et al. And others 
EZE Easements 
FMA Forest Management Agreement 
FMZ Fur Management Zone 
FMU Forest Management Unit 
FN First Nation 
FPWC Federal Policy on Wetland Conservation 
FWMIS Fisheries and Wildlife Management Information System 
g Gram 
g/d Gram per day 
g/GJ  Grams per Gigajoule 
g/m²/d Grams per square meter per day 
g/mol Grams per mol (molecular weight) 
g/s Gram per second 
GDP Gross domestic product 
GF Gradient-flow [Class] 
GHG Greenhouse gas 
GIC Groundwater Information Centre, Alberta Environment and Water 
GIS Geographic Information System 
GJ Gigajoule (109 Joules) 
GJ/d Gigajoule per day 
GJ/d/MW Gigajoule per day per Megawatt 
GJ/h Gigajoules Per Hour 
GJ/m³ Gigajoule per cubic metre 
GLJ GLJ Petroleum Consultants Ltd. 
GLIMPS Geographic Land Information Management and Planning System 
GOA Government of Alberta 
GOR Gas to Oil Ratio 
GPS Global Positioning System 
GST Goods and Services Tax 
GTG Gas Turbined Generator 
GWP Global Warming Potential 
h or hr Hour 
H+ Hydrogen ion 
H2O Water 
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Acronym Full Name 
H2S Hydrogen sulphide 
ha hectare 
HADD Harmful Alteration, Disruption or Destruction of Fish Habitat 
HC Hydrocarbon 
HCI Hydrochloric acid 
HHRA Human Health Risk Assessment 
HHV Higher heating value 
HID High Intensity Discharge (light fixture) 
HNO3 Nitric acid 
HP High Pressure 
HQ Hazard quotient 
HRIA Historical Resource Impact Assessment 
HRS Holding Reservations 
HRSG Heat recovery steam generator 
HRV Historical Resource Value 
HSDB Hazardous Substances Databank 
HSE Health Safety & Environment 
HSI Habitat suitability index 
HSPF Hydrologic Simulation Program Fortran 
Husky Husky Energy Ltd., Husky Oil Operations Limited 
Hwy Highway 
Hz Hertz 
I/O Input / Output 
IBA Important Bird Area 
IFN In-stream flow needs 
ILCR Incremental Lifetime Cancer Risk 
ILMP Integrated Land Management Plan 
IOP Individual Ownership Plan 
IPCS International Program of Chemical Safety 
IRC Industry Relations Corporations 
IRP Integrated Resource Plan 
ISQG Interim Sediment Quality Guideline 
K Calvin 
KB Kilobyte 
keq Kiloequivalent – Equal to 1 kmol of hydrogen ion (H+). 
keq H+/ha/yr Kiloequivalent of Hydrogen ions per hectare per year 
keq H+/ha/y  kilomole hydrogen ion equivalents per hectare per year 
keq/ha/yr Kiloequivalent per hectares per year 
kg Kilogram 
kg CO2/bbl 
bitumen 

Kilogram of CO2 per barrel of bitumen 

kg N/ha/y Kilogram of Nitrogen per hectare per year 
kg/ha/yr Kilogram per hectare per year 
kg/m2/yr Kilogram per square meter per year 
kg/m³ Kilogram per cubic metre 
KH Hydraulic conductivity 
kHz Kilohertz 
KIVR Key Indicator Vegetation Resources 
kJ/kg Kilojoule per kilogram 
kl/yr Kilolitre per year 
km Kilometre 
km/km² Kilometre per square kilometre 
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Acronym Full Name 
km/night Kilometres per night 
km² Square kilometre 
kPa Kilopascals 
kPag Kilopascal gauge 
kt/a Kilotonne per annum 
kV Kilovolt 
L or l Litre 
L/d litre per day 
L/min Litres per minute 
LACT Lease Automatic Custody Transfer 
LAR Lower Athabasca Region 
Laricina Laricina Energy Ltd. 
LARP Lower Athabasca Regional Plan 
LC Lethal Concentration 
LC50 Lethal Concentration 
LCC land cover classification 
LCCS Land Capability Classification System 
LCRS Land Capability Rating System 
LCR lifetime cancer risk 
LEL Lower Explosive Limit 
Leq Energy Equivalent Sound Level 
Leq24 Energy Equivalent Sound Level over 24 hour period 
LeqDay 07:00 to 22:00 
LeqNight 22:00 to 07:00 
LFH Leaf-Fibre-Humic substances. A soil horizon. 
LHV Lower Heating Value 
LICA Lakeland Industry and Community Association 
LIDAR Light detections and ranging 
LIS Low impact seismic 
LM Landscape models 
L-MPOI Local maximum point of impingement 
LOAEL lowest-observable-adverse-effects level 
LOC Licence of Occupation 
LOEL lowest-observable-effects level 
LP Low pressure 
LSA Local Study Area 
LSD Legal Sub-division 
LST local standard time 
LUF Land Use Framework 
m Metre 
m/ha Metres per hectare 
m/s Metres per second 
m-1 Inverse metre 
m2 Square metre 
m2/d Square metre per day 
m³  Cubic metre 
m³/d Cubic metres per day 
m³/hr Cubic metres per hour 
m³/s Cubic metres per second 
m³/yr Cubic metres per year 
mbbls Million barrels 
mbgs Metres below ground surface 
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Acronym Full Name 
md Millidarcy 
MDL method detection limit 
MFG Mixed Fuel Gas 
mg Milligrams 
Mg Magnesium 
mg/Kg Milligrams per Kilogram 
mg/L Milligrams per litre 
mg/m3 Milligram per cubic meter 
Mg2+ Magnesium base cation (particle) 
MJ/m³ Megajoules per cubic metre 
mKB Metres below kelly bushing 
MLL Miscellaneous Lease 
mm Millimetre 
Mm3 Million cubic metres 
MMbbls Million barrels 
MMBtu/hr Million Btu per hour 
MMcf Million cubic feet 
mmHg Millimetres of mercury (vapour pressure) 
MMscfpd Million square cubic foot per day 
MP Medium Pressure 
MPOI Maximum point of impingement 
MS monitoring site 
MSI Municipal Sustainability Initiative 
MSL Mineral Surface Leases 
Mt CO2/year Metric tonnes of CO2 per year 
Mt/yr Metric tonnes per year 
MW Megawatt 
N Nitrogen 
N2 Molecular nitrogen 
NO2 Nitrogen dioxide 
N2O Nitrous oxide 
NA not assessed 
NAAQO National Ambient Air Quality Objective 
NaCl Sodium chloride 
NAD North American Datum 
NAOH Caustic Soda 
NBC National Building Code 
NCD non-classified drainage 
NE northeast 
NEP nitrogen eutrophication plan 
NG Natural Gas 
NGR Neutral 
NH4 Ammonia (particle) 
NH4NO3 Ammonium nitrate 
NH42SO4 Ammonium sulphate 
NIA Noise Impact Assessment 
Nighttime Defined as the hours from 22:00 to 07:00 
NIOSH National Institute of Occupational Safety and Health 
NO Nitric oxide (gas) 
No. Number 
NO2 Nitrogen dioxide 
NO3 Nitrate 
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Acronym Full Name 
NO3

- Nitrate ion 
NOAEL no-observable-adverse-effects level 
NOEL no-observable-effects level 
NOx nitrogen oxides or oxides of nitrogen 
NPRI National Pollutant Release Inventory 
NRC Natural Regions Committee 
NRCan Natural Resources Canada 
NTDB National Topographic Data Base 
NTP National Toxicity Program 
NTS National Topographic Series 
NWWG National Wetland Working Group 
O.D. Outside diameter 
O3 Ozone 
OBIP Original bitumen in place 
OEHHA Office of Environmental Health Hazard Assessment 
OH&S  Occupational Health and Safety 
OLM Ozone Limiting Method 
OMF ozone management framework 
OMOE Ontario Ministry of the Environment 
OOIP Original Oil in Place 
OS Operational Statement 
OSCA Oil Sands Conservation Act 
OSDG Oil Sands Developers Group 
OSE Oil Sands Exploration 
OSL Oil sands lease 
OSLI Oil Sands Leadership Initiative 
OSSDS Oil Sands Sustainable Development Secretariat 
OSVRC Oil Sands Vegetation Reclamation Committee 
OTSG Once-through steam generator 
Pa Pascal 
PAC polycyclic aromatic compounds 
PAH Polycyclic Aromatic Hydrocarbon 
PAI potential acid input 
PARC Prairie Adaptation Research Collaborative 
PCMP Post-Construction Monitoring Program 
PDA Pre-disturbance Assessment 
PDC Planned Development Case 
PDD Public Disclosure Document 
PG Produced Gas 
pH Power of Hydrogen 
PHC Petroleum Hydrocarbon 
PI Potential Input 
PIL Pipeline Installation Lease 
PLA Pipeline Agreements 
PM Parent Material 
PM10 Particulate matter less than 10 micrometres 
PM2.5 Particulate matter less than 2.5 microns in diameter or fine particulate matter 
PNT Protective notation 
ppb Parts per billion 
ppm Parts per million 
PSL Permissible Sound Level 
PSP Permanent Sample Plot 
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Acronym Full Name 
pToR Proposed terms of reference 
QA/QC quality assurance/quality control 
QAES Qualified Aquatic Environmental Specialist 
QWAES Qualified Wetland Aquatic Environment Specialist 
RAMP Regional Aquatics Monitoring Program 
RAP Restricted Activity Period 
RCMP Royal Canadian Mounted Police 
RD Rural District 
RELAD Regional Lagrangian Acid Deposition  
RfC Reference concentration 
RfD Reference dose 
RFMA Registered Fur Management Area 
Rge Range 
RIVM Netherlands National Institute of Public Health and the Environment 
RIWG Regional Issues Working Group 
RM Regional Municipality 
RMWB Regional Municipality of Wood Buffalo 
ROC Record of Contact 
RQ Risk quotient 
RSA Regional Study Area 
RsC Risk-specific concentration 
RSC reduced sulphur compounds 
RsD Risk-specific does 
RSDS Regional Sustainable Development Strategy 
RSF Resource Selection Function 
RSPF Resource Selection Probability Function 
RTMP Royal Tyrrell Museum of Palaeontology 
RUSLEFAC  Revised Universal Soil Loss Equation for Application in Canada 
SAC Strong Acid Cation 
SAGD Steam Assisted Gravity Drainage 
SAR  sodium adsorption ratio 
SARA Species At Risk Act 
SCA Soil correlation area 
SCADA Supervisory control data acquisition system 
SCF Sightability Correction Factor 
SCWG Soil Classification Working Group 
SD Standard deviation 
SDI Shape Distribution Index 
SEIA Socio-economic Impact Assessment 
SEWG Sustainable Ecosystems Working Group 
SF slope factor 
SI Suitability Index 
SI (Biodiversity) Shape Index 
SIL 2  Survey Intensity Level 2 
SIL 3 Survey Intensity Level 3 
SIR Supplementary Information Request 
SLWRA screening-level wildlife risk assessment 
SME Surface Material Exploration 
SML Surface Material Lease 
SO2 Sulphur dioxide 
SO4 Sulfate 
SO4

2- sulphate ion 
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Acronym Full Name 
SoJ Statement of Justification 
SOPs Standard Operating Procedures 
SOx Sulphur oxides 
SQCWG Soil Quality Criteria Working Group 
SQG Soil quality guidelines 
SSI Species Specialization Index 
SSM SØrenson Similarity Measure 
SWDI Shannon Weaver Diversity Index 
SWEI Shannon Weaver Evenness Index 
SVOC semi-volatile organic compounds 
SW southwest 
SWQ surface water quality 
t Tonne 
t/d  Tonnes per day 
TBA To be advised 
TBD To be determined 
TCEQ Texas Commission on Environmental Quality 
TCU Total Carbon units 
TDS Total Dissolved Solids 
TEG Tri-Ethylene Glycol 
TEK Traditional Ecological Knowledge 
TERA TERA Environmental Consultants 
TFA Temporary Field Authorization 
THC Total hydrocarbons 
TIA Transportation Impact Assessment 
the Pilot Project Blackrod SAGD Pilot Project 
the Project Blackrod Commercial SAGD Project 
TLU Traditional Land Use 
TLUS Traditional Land Use Studies 
TOC Total Organic Carbon 
Ton Two thousand pounds (short or U.S. ton) 
Tonne Metric ton (1,000 kg) 
TOR [Project] Terms of Reference 
TPA Trapping Area 
TPR Timber Productivity Rating 
TRS Total reduced sulphur 
TRV Toxicological Reference Values 
TSP Total suspended particulates 
TSS Total suspended solids 
TUC Chronic Toxicity Unit 
TVD Total Vertical Depth  
Twp. Township 
UNESCO United Nations Educational, Scientific and Cultural Organization 
UR unit risk 
U.S. EPA United States Environmental Protection Agency 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
UTM  Universal Transverse Mercator 
V Volt 
VAC Volts in an alternating current 
VDC Voltage in a direct current 
VMP Vegetation Monitoring Plan 
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Acronym Full Name 
VOC Volatile organic compounds 
VRU Vapour recovery unit 
W4M West of the Fourth Meridian 
W5M West of the Fifth Meridian 
WAC Weak acid cation 
WBEA Wood Buffalo Environmental Association 
WDW Water Disposal Wells 
WHO World Health Organization 
WHSRN Western Hemisphere Shorebird Reserve Network 
WMM Whole mixture model 
WMU Wildlife Management Unit 
WRF Weather Research and Forecasting 
WSC Water Survey of Canada 
WSW Water Source Wells 
wt Weight 
wt% Weight percentage 
ZOI zone-of-influence 
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