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6.2.5.2 Cumulative Effects of Hydroelectric Development  

6.2.5.2.1 Regional Effects 

INDICATOR RESULTS 

The human footprint in all of the terrestrial regions of the Taiga Shield Ecozone was relatively small in 
every development period. Prior to any hydroelectric development in the ecozone, all of the approximately 
41 ha of human development on the 4,213,653 ha of pre-development land area was concentrated in the 
eastern extent of the Bradshaw Terrestrial Region from the HBR. The human footprint in that region was 
0.003%, and there was no development in the other two regions. 

Relative to what was there just prior to the start of hydroelectric development, large increases in the 
human footprint size occurred during the hydroelectric development period in each of the terrestrial 
regions. By 2013, the human footprint had increased to 1,739 ha in the Bradshaw Terrestrial Region, and 
to 12,091 ha to 15,647 ha in the other two regions (Table 6.2.5-4). Hydroelectric development was by far 
the largest contributor to these increases in all the regions, accounting for between 99% and 100% of the 
total increases in all regions. 

Dewatering associated with the CRD was the largest component of the increase in hydroelectric 
development footprint size in the Bradshaw and upper Churchill terrestrial regions, accounting for 83% 
and nearly 100% of the total footprint, respectively. Dewatering had the potential to offset some of the 
effects of flooding on terrestrial habitat. This possibility is discussed in Terrestrial Habitat, Section 6.3.5. 

After dewatering, most of the remaining footprint increase in the Bradshaw Terrestrial Region (15%) was 
due to transmission lines. In the Southern Indian Terrestrial Region, initial flooding and subsequent 
shoreline recession (i.e., the combined footprints on historical land area referred to as waterbody 
expansion) associated with the CRD was the largest component of the increase in the hydroelectric 
development footprint size. Waterbody expansion accounted for 82% of the increase, with dewatering 
accounting for an additional 15%.
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Table 6.2.5-4: Regional Cumulative Effects on Intactness in the Terrestrial Regions of the Taiga Shield Ecozone 

Terrestrial 
Region Source 

Human Footprint 
(ha) 

Human Footprint 
(%) 3 

Linear Feature 
Density (km/km2) 

Core Area 
Percentage  
(>1,000 ha;  
>50,000 ha) 

Large Core Areas 
(>50,000 ha) 

Pre-
Hydro 4 EE 5 Pre-

Hydro EE Pre-
Hydro EE Pre-

Hydro EE Pre-
Hydro EE 

Bradshaw 

Hydro 1 - 1,698 - 0.1 - 0.01 - - - - 

Non-Hydro 2 41 41 0.0 0.0 0.00 0.00 - - - - 

Both 41 1,739 0.0 0.1 0.00 0.01 100; 100 100; 100 4 5 

Upper 
Churchill 

Hydro - 12,089 - 0.8 - 0.00 - - - - 

Non-Hydro - 2 - 0.0 - 0.00 - - - - 

Both - 12,091 - 0.8 - 0.00 100; 97 100; 96 3 3 

Southern 
Indian 

Hydro - 15,491 - 1.2 - 0.01 - - - - 

Non-Hydro - 156 - 0.0 - 0.01 - - - - 

Both - 15,647 - 1.2 - 0.01 98; 95 97; 94 2 3 
Notes: Values of “0” indicate a number that rounds to zero, “-” indicates an absence. Subtotals for hydroelectric and non-hydroelectric sources may not appear to reflect sum due to 
rounding. 
1. Hydroelectric development. 
2. Non-hydroelectric development. 
3. Human footprint as a percentage of pre-development land area. 
4. Pre-hydroelectric development. 
5. Existing environment. 
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EVALUATION OF EFFECTS 

Despite the relatively large increases in the human development footprint due to hydroelectric 
development, cumulative effects on terrestrial intactness were still relatively low for all three of the 
terrestrial regions in 2013. By this year, the human footprint covered only between 0.1% and 1.2% of 
historical land area in each of the terrestrial regions. All of these percentages were near the low end of 
the low magnitude range for cumulative effects on intactness (Section 6.2.1.3) using this metric alone. 
Linear feature density was 0.01 km/km2 or lower in the three terrestrial regions (Table 6.2.5-4), which was 
well within the benchmark range of 0.00 km/km2 to 0.40 km/km2 for low magnitude cumulative effects on 
intactness (Section 6.2.1.3) using this metric alone. Core area percentage remained at 98% and above in 
all three terrestrial regions (Table 6.2.5-4), which was well within the benchmark range of 66% to 100% 
for low magnitude cumulative effects on intactness (Section 6.2.1.3) using this metric alone. Effects on 
large core areas were limited to relatively small reductions in area, or subdivision of a large core area into 
two or more large core areas. No large core areas have been completely removed from the ecozone 
since human development began, and some core areas increased in size due to dewatering. 

It is noted that the actual values of the regional intactness metrics may be slightly more adverse than 
reported due to the method limitations listed in Section 6.2.1.4.2. These limitations were adequately 
addressed by two factors: the large gap between the reported values and the moderate magnitude 
benchmark range, as well as by the precautionary way the moderate magnitude range was set (see 
Section 6.2.1.4.2). 

Given that the existing environment values for all metrics are in the low end of their benchmark ranges for 
low magnitude effects, cumulative effects on regional intactness have been low in all of the terrestrial 
regions. Cumulative effects have been low primarily because the infrastructure footprint remains small. 
Additionally, most of the hydroelectric development features were situated near or on the large rivers that 
had naturally fragmented the region into large core areas. The main exceptions were the Radisson to 
Churchill transmission line and the winter road to Missi Falls, which though no longer used, remains a 
footprint on the landscape. 

REGIONAL CUMULATIVE EFFECTS CONCLUSION 

While the cumulative effects of human development, including hydroelectric development, on the 
intactness of the terrestrial regions in the Taiga Shield Ecozone have been adverse, these effects 
remained within an ecologically acceptable as of 2013. This was the primarily the case because the 
cumulative human footprint remained relatively small. Additionally, most of these footprints were located 
in proximity to each other or on or near natural features that naturally altered ecological flows and habitat. 

6.2.5.2.2 Local Effects  

This section focuses on locations where hydroelectric development impacts were concentrated. 

As described above, the large river systems were the areas hydroelectric development impacts were 
concentrated in the Taiga Shield Ecozone. The shoreline ecosystem subcomponent of the terrestrial 
habitat RSC (Section 6.3.1.2.4) evaluates potential local intactness effects on shore zone and offshore 
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wetland ecosystems. The wildlife RSCs evaluate how localized changes to ecological flows and habitat 
affected wildlife. 

Off-system hydroelectric development impacts and effects were not concentrated in the ecozone due to 
the very small size of the human footprint. 

The only concern raised in the literature studied regarding local intactness effects was the observation by 
the Split Lake Cree-Manitoba Hydro Joint Study Group (1996a), that the transmission line from Radisson 
to Churchill has reduced forest habitat (Summary of Community Information, Section 3.5.4.4). 
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6.2.6 Hudson Plains Ecozone 
The Hudson Plains Ecozone includes the Limestone Rapids and Deer Island Terrestrial Regions 
(Map 6.2.6-1). This ecozone overlaps portions of Hydraulic Zones 11 and 12. 

Human infrastructure first appeared in the Hudson Plains Ecozone around 1917 with partial construction 
of the HBR line between Port Nelson and Kettle Rapids (Map 6.2.6-2). This line was abandoned before its 
completion. Transportation development continued in 1924 when construction began on the railway line 
to Churchill. The only other development prior to hydroelectric development was associated with the 
community of Bird near the HBR, beginning after 1950.  

The Kettle GS (Map 6.2.6-3) was the first hydroelectric development in the Hudson Plains Ecozone, with 
construction starting in 1966 (see Chapter 2.2 [Hydroelectric Development from 1950 to 1976] for details 
on hydroelectric projects referred to in this section). Hydroelectric development continued through the 
1970s with construction of the Limestone and Long Spruce GSs, including related infrastructure and 
flooding. 

The following subsections describe human infrastructure changes in each of the two terrestrial regions, 
and evaluate regional cumulative effects on intactness. 
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6.2.6.1 Changes in the Indicators over Time 

6.2.6.1.1 Limestone Rapids Terrestrial Region  

The development periods for the Limestone Rapids Terrestrial Region were as follows:  
• the pre-development period ended in 1917 with partial construction of the HBR to Port Nelson; 
• the pre-hydroelectric development period was from 1917 to 1966; and 

• the hydroelectric development period was from 1966 to 2013, beginning with construction of the 
Kettle GS. 

BEFORE HYDROELECTRIC DEVELOPMENT 

The human infrastructure footprint in this terrestrial region had grown from nothing in 1917 to 635 ha, or 
0.1% of land area, in 1966. Most of this footprint was associated with the portions of the HBR extending 
through the region, and the settlement of Bird located near the rail line (Table 6.2.6-1; Map 6.2.6-2). Most 
of the human infrastructure development in the ecozone occurred within this terrestrial region. 

The human footprint included approximately 192 km of linear features (Table 6.2.6-2), yielding a total 
linear feature density of 0.03 km/km2. All of these were transportation features, almost entirely rail, with 
some road development occurring around the community of Bird. 

Prior to the first human infrastructure development around 1917, two core areas larger than 200 ha (and 
larger than 50,000 ha) accounted for approximately 100% of regional land area (Table 6.2.6-3). The two 
large core areas — 478,254 ha to the north of the Nelson River, and 271,900 ha to the south of the 
Nelson River — made up the entire region. By 1966, infrastructure development had reduced core area 
percentage from approximately 100% to 97% for blocks larger than 200 ha and 1,000 ha, and reduced 
core area percentage to 87% for blocks larger than 50,000 ha. Development fragmented the northern 
core area into five core areas increasing the total number to six for blocks larger than 200 ha and 1,000 
ha. The number of large core areas increased to three. The large core area in the south remained intact 
and became the largest in the region.
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Table 6.2.6-1: Human Footprints in the Terrestrial Regions of the Hudson Plains Ecozone, by 
Development Period as a Percentage of Total Footprint Area 

Footprint Type 

Limestone Rapids 
Terrestrial Region 

Deer Island  
Terrestrial Region 

Pre-
Hydro 1 

Existing 
Environment 

Pre-
Hydro 

Existing 
Environment 

Hydroelectric 
    

Highway - 12 - - 

Road - 1 - - 

Limited-Use Road - 0 - - 

Winter Road - 0 - - 

Railway - 0 - - 

Borrow area - 8 - - 

Clearing - 1 - - 

Settlement - 1 - - 

Transmission Line - 22 - - 

Transmission Station - 2 - - 

Generation Project - 8 - - 

Dyke - 1 - - 

Flooded Area - 30 - - 

Dewatered Area - 0 - - 

Subtotal for Hydroelectric (%) - 86 - - 

Non-hydroelectric 
    

Highway 0 0 - - 

Road 0 0 - - 

Winter Road - 2 - 13 

Railway 89 10 100 87 

Settlement 11 1 - - 

Subtotal for Non-hydroelectric (%) 100 14 100 100 

Size of Total Human Footprint Area (ha) 635 5,576 103 119 

Human Footprint as % of land area 0.1 0.7 0.01 0.02 
Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-
hydroelectric sources may not appear to reflect sum due to rounding. 
1. Pre-hydroelectric development. 
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Table 6.2.6-2: Linear Feature Length and Density in the Terrestrial Regions of the Hudson Plains Ecozone, by Development Period 

Linear Feature Type 
Limestone Rapids Terrestrial Region Deer Island Terrestrial Region 

Length (km) Density (km/km2) Length (km) Density (km/km2) 
Pre-Hydro 1 EE 2 Pre-Hydro EE Pre-Hydro EE Pre-Hydro EE 

Hydroelectric features: 
        

Highway - 86 - 0.01 - - - - 

Road - 21 - 0.00 - - - - 

Winter Road - 12 - 0.00 - - - - 

Limited-Use Road - 13 - 0.00 - - - - 

Railway - 4 - 0.00 - - - - 

Transmission Line - 331 - 0.04 - - - - 

Dyke - 13 - 0.00 - - - - 
Subtotal - 481 - 0.06 - - - - 
Non-hydroelectric features: 

        
Highway 0 4 0.00 0.00 - - - - 

Road 1 12 0.00 0.00 - - - - 

Winter Road - 60 - 0.01 - 7 - 0.00 

Railway 192 192 0.03 0.03 43 43 0.01 0.01 
Subtotal 192 267 0.03 0.04 43 50 0.01 0.01 

All linear features 192 749 0.03 0.10 43 50 0.01 0.01 

Region land area (km2) 
  

7,505 7,490 
  

7,161 7,155 
Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-hydroelectric sources may not appear to reflect sum due to 
rounding. 
Hydroelectric development generally began in a different year in each terrestrial region. Therefore, the same feature can appear as pre-hydroelectric in one region and as post-
hydroelectric in another. The terrestrial region rather than the ecozone was the spatial level for the regional cumulative effects assessment. Values of “0” indicate a number that rounds 
to zero, “-” indicates an absence. 
1.  Pre-hydroelectric development. 
2. Existing Environment. 
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Table 6.2.6-3: Core Area in the Terrestrial Regions of the Hudson Plains Ecozone, by Development Period 

Terrestrial 
Region 

Core 
Area 

Minimum 
Size (ha) 

Total Area (ha) Core Area Percentage Number 

Pre-Dev 1 Pre-Hydro 2 EE 3 Pre-Dev Pre-Hydro EE Pre-Dev Pre-Hydro EE 

Limestone Rapids 

200 750,154 730,356 703,058 100 97 94 2 6 25 

1,000 750,154 730,356 699,724 100 97 93 2 6 17 

50,000 750,154 650,377 588,103 100 87 79 2 3 4 

Deer Island 

200 715,454 711,051 709,737 100 99 99 4 5 5 

1,000 715,053 710,650 709,385 100 99 99 3 4 4 

50,000 715,053 685,568 684,482 100 96 96 3 3 3 

1. Pre-development. 
2. Pre-hydroelectric development. 
3. Existing Environment. 

 



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
LAND – INTACTNESS 

DECEMBER 2015 6.2-87 

AFTER HYDROELECTRIC DEVELOPMENT 

In 1966, construction of the Kettle GS (Map 6.2.6-3) marked the start of the hydroelectric development 
period in the Limestone Rapids Terrestrial Region. Construction of the Limestone GS initially started in 
1976 but was put on hold in 1978. During this period, an access road was constructed between Long 
Spruce GS and the Sundance construction camp (PR 290), as well as between the Henday Converter 
Station and a new segment of Bipole II connecting Henday to the Radisson Converter station. 
Hydroelectric development continued through the 1970s with construction of the Long Spruce GS and 
related infrastructure (from 1971 to 1979), with flooding from the reservoir impoundment occurring in 
1977. Associated features that physically changed land and water areas included an access road 
connecting the Kettle GS and Long Spruce GS sites (1971), the rail spur built to facilitate construction of 
Limestone GS and a transmission line connecting Long Spruce GS to the Radisson Converter Station, 
constructed from approximately 1975 to 1979. 

The Limestone GS construction resumed in 1985 and continued until 1992, with land flooding from 
reservoir impoundment occurring in 1990. A transmission line between the Long Spruce GS and the 
Henday Converter Station was also constructed in 1990. Development of features to support exploration 
activities for the potential Conawapa GP began in 1989 with the construction of an access road and a 
transmission line to the potential GS site. The access road extended from the end of PR 290 at Sundance 
(completed in 1991), while the transmission line was routed from the Kettle GS site to the Limestone GS 
site, and then from Limestone to Conawapa (completed in 1992). In 2013, construction of the 
Keewatinohk Converter Station began, followed by clearing of the right-of-way for the Bipole III 
transmission line. 

Between 1966 and 2013, the size of the human infrastructure footprint increased from 635 ha to 5,576 ha, 
or 0.7% of land area, in the Limestone Rapids Terrestrial Region (Table 6.2.6-1, Map 6.2.6-3). 
Hydroelectric developments accounted for 97% of the human footprint increase. The largest contributor to 
this increase was flooding. Transmission lines, highways, generation project infrastructure and borrow 
areas comprised most of the remaining increase. Features associated with generation projects 
(e.g., generating stations, dykes, flooding, dewatering, borrow areas, access roads) accounted for 
approximately 60% of the hydroelectric development footprint. The entire hydroelectric development 
infrastructure footprint in the Hudson Plains Ecozone falls within the Limestone Rapids Terrestrial Region. 

As of 2013, there were approximately 749 km of linear features in the region (Table 6.2.6-2), yielding a 
total linear feature density of 0.10 km/km2 and a transportation density of 0.05 km/km2. Transmission lines 
accounted for the highest proportion of linear feature density (0.04 km/km2), followed by railways 
(0.03 km/km2). 

Approximately 64% of all linear features in the region were related to hydroelectric development, 
contributing 0.06 km/km2 of the total density. Most of the hydroelectric features were transmission lines, 
with highways adding an additional 0.01 km/km2. The remaining hydroelectric development features 
(i.e., dykes, roads, and limited-use and winter roads) combined contributed an additional 0.01 km/km2. 
The linear features concentrated in the southwest of the region near the Nelson River (Map 6.2.6-3). 
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Portions of transmission lines followed pre-existing transportation corridors, with the remaining lines 
bisecting the region west of the HBR line to Churchill. 

By 2013, human development reduced total core area in blocks of at least 200 ha from 97% of regional 
land area just prior to hydroelectric development to 94% (Table 6.2.6-3; corresponding percentages were 
similar for blocks larger than 1,000 ha). Total core area in blocks of at least 50,000 ha reduced from 87% 
to 79%. As of 2013, there were 25 core areas larger than 200 ha accounting for 94% of the land area, 17 
core areas larger than 1,000 ha accounting for approximately 93% of the land area, and four core areas 
larger than 50,000 ha accounting for 79% of the land area (Table 6.2.6-3). The two largest remaining core 
areas (237,743 ha and 228,604 ha) were located south of the Nelson River and in the northeastern 
portion of the region, respectively. 

Human development fragmented the two natural core areas larger than 200 ha (and larger than 
50,000 ha) into 25 core areas larger than 200 ha, 17 core areas larger than 1,000 ha, and four core areas 
larger than 50,000 ha. Since most of the development was in the west of the region, north of the Nelson 
River, four large core areas remained in the region as indicated above. Hydroelectric footprints were 
responsible for most of the reduction in core area during the hydroelectric development period. 
Transportation development (rail lines) and several large transmission lines (Bipole III and the line to 
Churchill) subdivided the large core area in the north. Transportation corridors related to hydroelectric 
development (primarily PR 290) were situated very close to the Nelson River banks. 

6.2.6.1.2 Deer Island Terrestrial Region  

The development periods for the Deer Island Terrestrial Region were as follows:  
• the pre-development period ended in 1917 partial construction of the HBR to Port Nelson;  
• the pre-hydroelectric development period was from 1917 to 1970; and 

• the hydroelectric development period was from 1970 to 2013, beginning with operation of the Kettle 
GS, which affected downstream flows on the Nelson River in this terrestrial region. 

BEFORE HYDROELECTRIC DEVELOPMENT 

The human infrastructure footprint in this terrestrial region had grown from nothing in 1916 to 103 ha, or 
0.01% of land area, in 1970. This entire footprint was associated with the portions of the abandoned rail 
bed to Port Nelson extending through the region (Table 6.2.6-1; Map 6.2.6-2). This human footprint 
extended approximately 43 km (Table 6.2.6-2), yielding a total linear feature density of 0.01 km/km2. 

Prior to the first human infrastructure development around 1916, four core areas larger than 200 ha 
accounted for approximately 100% of the regional land area (Table 6.2.6-3). Three large core areas, 
199,609 ha north of the Nelson River, 322,041 ha between the Nelson and Hayes River, and 193,402 ha 
east of the Hayes River, also accounted for approximately 100% of the land area. Deer Island (401 ha) 
made up the one core area larger than 200 ha. By 1969, infrastructure development had minimal impact 
on core area percentage, which decreased to 99% for blocks of core area larger than 200 ha and 
fragmented the four core areas into five core areas. Core areas larger than 50,000 ha remained at three, 
but decreased to 96% of the regional land area. The abandoned rail bed to Port Nelson fragmented the 
core area north of the Nelson River into two separate areas. 
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AFTER HYDROELECTRIC DEVELOPMENT 

Between 1970 and 2013, the size of the human infrastructure footprint increased from 103 ha to 119 ha, 
or 0.02% of land area, (Table 6.2.6-1, Map 6.2.6-3). The increase in footprint size included a portion of 
the winter road to Shamattawa, extending into the region near the southwest border. Hydroelectric 
development was confined to changes to Nelson River flows within the natural banks, which had no effect 
on the intactness metrics for linear features and core area.  

As of 2013, there were approximately 50 km of linear features in the Deer Island Terrestrial Region 
(Table 6.2.6-2). The small increase did not have a noticeable effect on linear feature density, which 
remained at 0.01 km/km2. 

By 2013, the small increase in human footprint (16 ha) did not substantially reduce core area in the region 
(Table 6.2.6-3). The core area percentage remained at 99% for core areas larger than 200 ha and 1,000 
ha, and at 96% for large core areas. The number remained unchanged at five, four and three, 
respectively. 

6.2.6.2 Cumulative Effects of Hydroelectric Development  

6.2.6.2.1 Regional Effects 

INDICATOR RESULTS 

The human footprint in all of the terrestrial regions of the Hudson Plains Ecozone was relatively small in 
every development period. Prior to any hydroelectric development in the ecozone, most of the 
approximately 738 ha of human development on the 1,466,603 ha of pre-development land area was 
concentrated in the western portion of the Limestone Rapids Terrestrial Region, and extended east into 
the Deer Island Terrestrial Region approximately 7 km north of the Nelson River. The human footprint in 
the two terrestrial regions was 0.08% and 0.01%, respectively. 

Relative to what was there just prior to the start of hydroelectric development, large increases in the 
human footprint size occurred during the hydroelectric development period in the Limestone Rapids 
Terrestrial Region. By 2013, its human footprint had increased to 5,576 ha (Table 6.2.6-4). Hydroelectric 
development was the largest contributor to this increase, accounting for 97% of the total increase. 
Hydroelectric development did not account for any of the small increase in the Deer Island Terrestrial 
Region. 

Initial flooding and subsequent shoreline recession (i.e., the combined land area loss are referred to as 
waterbody expansion) associated with the Long Spruce and Limestone GSs was the largest component 
of the increase in the hydroelectric development footprint size in the Limestone Rapids Terrestrial Region. 
Waterbody expansion comprised 33% of the increase in the hydroelectric development footprint size. 
Transmission lines and hydroelectric-related transportation accounted for 25% and 13% of the increase, 
respectively. 
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Table 6.2.6-4: Regional Cumulative Effects on Intactness in the Terrestrial Regions of the Hudson Plains Ecozone 

Terrestrial 
Region Source 

Human Footprint 
(ha) 

Human Footprint 
(%) 3 

Linear Feature 
Density (km/km2) 

Core Area Percentage 
(>1,000 ha; >50,000 ha) 

Large Core Areas 
(>50,000 ha) 

Pre-
Hydro 4 

EE 5 Pre-
Hydro 

EE Pre-
Hydro 

EE Pre-Hydro EE Pre-
Hydro 

EE 

Limestone 
Rapids 

Hydro 1 - 4,796 - 0.6 - 0.06 - - - - 
Non-Hydro 2 635 780 0.1 0.1 0.03 0.04 - - - - 

Both 635 5,576 0.1 0.7 0.03 0.10 97; 87 93; 79 3 4 

Deer Island 

Hydro - - - - - - - - - - 

Non-Hydro 103 119 0.0 0.0 0.01 0.01 - - - - 

Both 103 119 0.0 0.0 0.01 0.01 99; 96 99; 96 3 3 
Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-hydroelectric sources may not appear to reflect sum due to 
rounding. 
1. Hydroelectric development 
2. Non-hydroelectric development 
3. Human footprint as a percentage of pre-development land area. 
4. Pre-hydroelectric development. 
5. Existing environment. 
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EVALUATION OF EFFECTS 

Despite the relatively large increases in the human development footprint due to hydroelectric 
development, cumulative effects on intactness were still relatively low in both of the terrestrial regions in 
2013. By this year, the human footprint covered only 0.7% and 0.01% of historical land area in the 
Limestone Rapids and Deer Island terrestrial regions, respectively. All of these percentages were near 
the low end of the low magnitude range for cumulative effects on intactness (Section 6.2.1.3) using this 
metric alone. Linear feature density was below 0.10 km/km2 and 0.01 km/km2 in the two terrestrial regions 
(Table 6.2.6-4), which was well within the benchmark range of 0.00 km/km2 to 0.40 km/km2 for low 
magnitude cumulative effects on intactness (Section 6.2.1.3) using this metric alone. Core area 
percentage remained at 94% and above in both terrestrial regions (Table 6.2.6-4), which was well within 
the benchmark range of 66% to 100% for low magnitude cumulative effects on intactness (Section 
6.2.1.3) using this metric alone. Effects on large core areas were limited to relatively small reductions in 
area, or subdivision of a large core area into two or more large core areas. No large core areas were 
completely removed from the ecozone since human development began. 

It is noted that the actual values of the regional intactness metrics may be slightly more adverse than 
reported due to the method limitations listed in Section 6.2.1.4.2. These limitations were adequately 
addressed by two factors: the large gap between the reported values and the moderate magnitude 
benchmark range, as well as by the precautionary way the moderate magnitude range was set (see 
Section 6.2.1.4.2). 

Given that the existing environment values for all metrics are in the low end of their benchmark ranges for 
low magnitude effects, cumulative effects on regional intactness have been low in all of the terrestrial 
regions. Cumulative effects have been low primarily because the human infrastructure footprint remained 
small. Additionally, many features were situated near other existing human features, or near or on the 
large rivers that had already naturally fragmented the regions. The main exceptions for hydroelectric 
development were the Churchill transmission line and portions of the Bipole III Transmission Project. 

Hydroelectric development was the largest contributor to the overall small reductions to regional 
intactness, with transmission line and transportation feature types being the main contributors.  

REGIONAL CUMULATIVE EFFECTS CONCLUSION 

While the cumulative effects of human development, including hydroelectric development, on the 
intactness of the terrestrial regions in the Hudson Plains Ecozone have been adverse, these effects 
remained within an ecologically acceptable range as of 2013. This was the case primarily because the 
cumulative human footprint remained relatively small. Additionally, most of these footprints were located 
close to each other or on or near natural features that naturally altered ecological flows and habitat. 

6.2.6.2.2 Local Effects  

This section focuses on locations where hydroelectric development impacts were concentrated. 
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As described above, hydroelectric development impacts were concentrated on or near the Nelson River 
in the Limestone Rapids Terrestrial Region. The shoreline ecosystem subcomponent of the terrestrial 
habitat RSC (Section 6.3.1.5.5) evaluates potential local intactness effects on shore zone and offshore 
wetland ecosystems. The wildlife RSCs evaluate how localized changes to ecological flows and habitat 
affected wildlife. 

Various combinations of transmission lines, roads, dykes, borrow areas and transmission converter 
stations were concentrated near both sides of the Nelson River through much of the off-system areas of 
the Limestone Rapids Terrestrial Region. These had limited effects on the larger core areas due to their 
location, however off-system areas near the Nelson River were fragmented and ecological flows in these 
areas were likely affected. Fox Lake Cree Nation, whose traditional use area covers a large portion of the 
ecozone, have described the fragmentation of the local forest and bog areas, caused by hydroelectric 
development, as significant (FLCN 2012). Linear features and infrastructure have increased access into 
traditional use areas to outsiders (TCN 2002; FLCN 2012), and ongoing and future construction have 
increased the human population in the area. There are concerns that these factors will lead to an 
increase in invasive plant species, in stresses on key plant and animal populations and potentially to 
over-harvesting (TCN 2002, FLCN 2012). 

Moreover, First Nations have expressed concerns about the effects the disruption of the environment 
through hydroelectric development has on their way of life, which they see as interconnected with the 
landscape. 

We know what the environment should be like in order to provide all the things that we require to be healthy. 
Specifically, our lands and waters should be whole and healthy, both of which are the prerequisites of a 
peaceful existence. This concept of wholeness is expressed in one simple sentence, “everything is 
connected”. Our people do not view future dams in isolation from past projects and see the Keeyask project 
as an additional hydro development in our already highly disrupted environment (FLCN 2012).  
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6.2.7 Coastal Hudson Bay Ecozone 
The Coastal Hudson Bay Ecozone includes the Hudson Coast, Warkworth and Fletcher Terrestrial 
Regions (Map 6.2.7-1). The terrestrial regions in this ecozone overlap portions of Hydraulic Zones 5 
and 12. 

The Prince of Wales fort, built in 1731, was the first large physical human structure appearing in the 
Coastal Hudson Bay Ecozone. Since the intactness assessment evaluates more recent human 
infrastructure, the partial construction of the HBR line to Port Nelson around 1917 (Map 6.2.7-2) marked 
the start of the pre-hydroelectric development period. Development continued around 1923 with 
development of the Port of Churchill, and construction of the HBR to the port, entering the ecozone from 
the south. In 1942, a military base was established at Fort Churchill, and further military development 
occurred in 1956 with construction of a rocket research facility nearby. The start of the hydroelectric 
development period in this ecozone was marked by the initiation of the CRD. 

In 1974, operation of the CRD (Map 6.2.7-3) marked the start of the hydroelectric development period in 
the Coastal Hudson Bay Ecozone. Hydroelectric dewatering occurred along the entire length of the 
Churchill River in the ecozone starting in 1974. There was no further development outside of the Port of 
Churchill until 1985, with construction of the Radisson to Churchill Transmission Line. The most recent 
development was the construction of the Churchill Weir in 1999, which raised Churchill River water levels 
for a distance of approximately 10 km upstream of the weir (North/South Consultants 2010). 

The following subsections describe human infrastructure changes in each of the three terrestrial regions, 
and evaluate regional cumulative effects on intactness.  

 



Gillam

Churchill

Long Spruce
G.S.

Limestone G.S.
Kettle
G.S.

Keeyask
G.S.

Conawapa
G.S.

C o a s t a l  H u d s o n  B a y
E c o z o n e

T a i g a  S h i e l d
E c o z o n e

E a s t e r n  B o r e a l
S h i e l d  E c o z o n e

H u d s o n  P l a i n s
E c o z o n eHZ 11

HZ 10

HZ 5

HZ 12
Nelson

Churchill

Riv
er

River

HUDSON
BAY

Fletcher
Terrestrial

Region

Warkworth
Terrestrial 

Region

Hudson 
Coast

Terrestrial 
Region

Churchill Weir

Fi
le

 L
oc

a
tio

n
: J

:\
M

Y
P

\M
H

_R
C

E
A

\5
_T

e
rr

e
st

ri
al

\E
E

\M
xd

\2
0

15
10

27
_R

C
E

A
_P

h
as

e
II_

TE
R

_
C

oa
st

al
H

u
ds

o
nB

a
yE

co
zo

n
eT

e
rr

es
tr

ia
lR

e
gi

o
ns

A
nd

H
yd

ra
u

lic
Z

o
ne

s_
cp

.m
xd

2.0

27-OCT-15

North/South Consultants

24-NOV-15 

Province of Manitoba, Government of Canada,ECOSTEM and Manitoba Hydro

NAD 1983 UTM Zone 14N 

DATA SOURCE:

COORDINATE SYSTEM: DATE CREATED:

CREATED BY:

VERSION NO:

REVISION DATE:

QA/QC:

Regional Cumulative Effects 
Assessment

0 10 20 Miles

0 10 20 Kilometres

Legend
Ecozone

Terrestrial Region

Hydraulic Zone (HZ)

RCEA Region of Interest

Flow Direction

Infrastructure
Generating Station (Existing)

Generating Station (Under Construction)

Generating Station (Potential)

Rail

Highway

Coastal Hudson Bay 
Ecozone

 Terrestrial Regions and 
Hydraulic Zones

Hudson Bay

Thompson

Winnipeg

Churchil l

NOTE: Not all hydroelectric footprints are shown.

Map 6.2.7-1



Fletcher
Terrestrial

Region

Warkworth
Terrestrial

Region

Hudson Coast
Terrestrial

Region

Northern

Lake

Indian

Lake

North

Knife

Fidler

Lake

Churchill

Human Footprints Pre-
Hydroelectric Development

 Coastal Hudson Bay Ecozone
ECOSTEM Ltd.

1.0

25-NOV-15 

C
re

at
ed

 B
y:

 s
ni

to
w

sk
i -

 B
 S

iz
e 

La
nd

sc
ap

e 
B

TB
 - 

M
A

R
 2

01
5 

   
S

ca
le

: 1
:1

,1
13

,0
00

Regional Cumulative Effects 
Assessment

NAD 1983 UTM Zone 14N

0 10 20 Miles

0 10 20 Kilometres

Fi
le

 L
oc

at
io

n:
 Z

:\W
or

ks
pa

ce
s\

R
C

E
A

\In
ta

ct
ne

ss
\M

ap
 x

.x
 x

 - 
H

um
an

 fo
ot

pr
in

ts
 in

 th
e 

te
rr

es
tri

al
 r

eg
io

ns
 o

f t
he

 C
oa

st
al

 H
ud

so
n 

B
ay

 E
co

zo
ne

 b
ef

or
e 

hy
dr

oe
le

ct
ric

 d
ev

el
op

m
en

t.m
xd

DATA SOURCE:

DATE CREATED:

CREATED BY:

VERSION NO:

REVISION DATE:

QA/QC:

COORDINATE SYSTEM:

Hudson Bay

Thompson

Winnipeg

Churchill

Legend

07-OCT-15

Manitoba Hydro; Government of Manitoba; Government of Canada;
ECOSTEM Ltd. Human Footprints

Airport

Clearing

Limited-use Road

Railway
Road

Settlement

Winter Road

NOTE: Footprint polygons exaggerated slightly to enhance visibility. Footprints
outside of Coastal Hudson Bay Ecozone Terrestrial Regions not mapped.

Borrow Area

Terrestrial Region

RCEA Region of Interest

Map 6.2.7-2



Churchill

River

Hudson
Bay

Fletcher
Terrestrial

Region

Warkworth
Terrestrial

Region

Hudson Coast
Terrestrial

Region

Northern

Lake

Indian

Lake

North

Knife

Fidler

Lake

Churchill

ECOSTEM Ltd.

1.0

25-NOV-15 

C
re

at
ed

 B
y:

 s
ni

to
w

sk
i -

 B
 S

iz
e 

La
nd

sc
ap

e 
B

TB
 - 

M
A

R
 2

01
5 

   
S

ca
le

: 1
:1

,1
13

,0
00

Regional Cumulative Effects 
Assessment

NAD 1983 UTM Zone 14N

0 10 20 Miles

0 10 20 Kilometres

Fi
le

 L
oc

at
io

n:
 Z

:\W
or

ks
pa

ce
s\

R
C

E
A

\In
ta

ct
ne

ss
\M

ap
 x

.x
 x

 - 
H

um
an

 fo
ot

pr
in

ts
 in

 th
e 

te
rr

es
tri

al
 r

eg
io

ns
 o

f t
he

 C
oa

st
al

 H
ud

so
n 

B
ay

 E
co

zo
ne

 in
 2

01
3.

m
xd

DATA SOURCE:

DATE CREATED:

CREATED BY:

VERSION NO:

REVISION DATE:

QA/QC:

COORDINATE SYSTEM:

Hudson Bay

Thompson

Winnipeg

Churchill

Legend

07-OCT-15

Manitoba Hydro; Government of Manitoba; Government of Canada;
ECOSTEM Ltd. Human Footprints

Airport Clearing

Limited-use Road

Railway

Road

Settlement

Winter Road

NOTE: Footprint polygons exaggerated slightly to enhance visibility. Footprints
outside of Coastal Hudson Bay Ecozone Terrestrial Regions not mapped.

Transmission Line

Weir Human Footprints Post-
Hydroelectric Development

 Coastal Hudson Bay Ecozone

Borrow Area
Terrestrial Region

RCEA Region of Interest

Dewatered Area

Map 6.2.7-3



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
LAND – INTACTNESS 

DECEMBER 2015 6.2-97 

6.2.7.1 Changes in the Indicators over Time 

6.2.7.1.1 Hudson Coast Terrestrial Region  

The development periods for the Hudson Coast Terrestrial Region were as follows:  
• the pre-development period ended in 1917, with partial construction of the HBR to Port Nelson; 
• the pre-hydroelectric development period was from 1917 to 1973; and 

• the hydroelectric development period was from 1974 to 2013, beginning with operation of the CRD, 
which affected downstream flows into this terrestrial region. 

BEFORE HYDROELECTRIC DEVELOPMENT 

The human infrastructure footprint in this terrestrial region had grown from nothing in 1916 to 1,168 ha, or 
0.2% of land area, in 1973 (Table 6.2.7-1). The first human footprints were associated with the HBR, 
constructed around 1917, which included an abandoned rail bed to Port Nelson followed by the HBR line 
to Churchill, which began construction around 1924. York Factory, the community of Churchill, as well as 
its roads, airport, and associated borrow areas and clearings made up the remainder of the pre-
hydroelectric footprint in this region (Map 6.2.7-2). 

The human footprint included approximately 171 km of linear features (Table 6.2.7-2), yielding a total 
linear feature density of 0.03 km/km2. All of these were transportation features, most of which was road 
development occurring around the community of Churchill, followed by railway. Winter roads and limited-
use roads made up the remaining linear features. 

Prior to the first human infrastructure development around 1917, 13 core areas larger than 200 ha (and 
seven larger than 1,000 ha) accounted for approximately 99% of the regional land area (Table 6.2.7-3). 
Four large core areas made up approximately 93% of the region. The band of land along the Hudson Bay 
coast was dominated by three large core areas separated by major rivers draining into the bay. These 
include areas between the Churchill and Owl rivers (215,580 ha), between the Owl and Nelson rivers 
(164,192 ha) and east of the Hayes River (171,603). To the west of the Churchill River, two core areas 
occurred, separated by the North Knife River. By 1973, infrastructure development reduced the core area 
percentage from 99% to 97% for the 200 ha and 1,000 ha size classes, and from 93% to 89% for the 
50,000 ha size class. The HBR and developments around Churchill fragmented the large core area east 
of the Churchill River, and the rail bed to Port Nelson fragmented the large core area north of the Nelson 
River. This increased the number of core areas larger than 200 ha from 13 to 17, and core areas larger 
than 1,000 ha from seven to nine. The number of large core areas remained unchanged. 
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Table 6.2.7-1: Human Footprints in the Terrestrial Regions of the Coastal Hudson Bay 
Ecozone, by Development Period as a Percentage of Total Footprint Area 

Footprint Type 

Hudson Coast 
Terrestrial Region 

Warkworth 
Terrestrial Region 

Fletcher 
Terrestrial Region 

Pre-
Hydro 1 

Existing 
Environment 

Pre-
Hydro 

Existing 
Environment 

Pre-
Hydro 

Existing 
Environment 

Hydroelectric 
      

Borrow Area - 0 - - - - 

Transmission Line - 2 - 4 - 18 

Weir - 0 - - - - 

Dewatered Area  - 18 - 92 - 61 

Subtotal for 
Hydroelectric (%) - 21 - 96 - 78 

Non-hydroelectric 
      

Road 13 15 - 0 - - 

Limited-use Road 1 2 - 0 - - 

Winter Road 2 2 - - - - 

Railway 8 6 97 4 100 19 

Settlement 37 26 - - - - 

Airport 19 13 - - - - 

Borrow Area 18 12 2 0 - - 

Cleared Area 3 2 1 0 - 2 

Subtotal for Non-
hydroelectric (%) 100 79 100 4 100 22 

Size of total human 
footprint area (ha) 1,168 1,645 110 2,698 293 1,520 

Human footprint as 
percentage of land 
area 

0.2 0.2 0.02 0.4 0.04 0.2 

Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-
hydroelectric sources may not appear to reflect sum due to rounding. 
1. Pre-hydroelectric development. 
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Table 6.2.7-2: Linear Feature Length and Density in the Terrestrial Regions of the Coastal Hudson Bay Ecozone, by Development 
Period 

Linear Feature Type 

Hudson Coast Terrestrial Region Warkworth Terrestrial Region Fletcher Terrestrial Region 

Length (km) Density 
(km/km2) Length (km) Density 

(km/km2) Length (km) Density 
(km/km2) 

Pre-
Hydro 1 EE 2 Pre-

Hydro EE Pre-
Hydro EE Pre-

Hydro EE Pre-
Hydro EE Pre-

Hydro EE 

Hydroelectric Features 

Transmission Line - 11 - 0.00 - 30 - 0.00 - 78 - 0.01 

Weir - 3 - 0.00 - - - - - - - - 

Subtotal - 14 - 0.00 - 30 - 0.00 - 78 - 0.01 

Non-Hydroelectric Features 

Road 99 138 0.01 0.02 - 2 - 0.00 - - - - 

Limited-use Road 14 35 0.00 0.01 - 8 - 0.00 - - - - 

Winter Road 21 33 0.00 0.01 - - - - - - - - 

Railway 36 36 0.01 0.01 34 34 0.01 0.01 92 92 0.01 0.01 

Subtotal 171 243 0.03 0.04 34 44 0.01 0.01 92 92 0.01 0.01 

All linear features 171 257 0.03 0.04 34 74 0.01 0.01 92 170 0.01 0.02 

Region land area (km2)   6,618 6,578   6,163 6,187   7,060 7,069 

Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-hydroelectric sources may not appear to reflect sum due to 
rounding. 
Hydroelectric development generally began in a different year in each terrestrial region. Therefore, the same feature can appear as pre-hydroelectric in one region and as post-
hydroelectric in another. The terrestrial region rather than the ecozone was the spatial level for the regional cumulative effects assessment. Values of “0” indicate a number that 
rounds to zero, “-” indicates an absence. 
1. Pre-hydroelectric development. 
2. Existing environment. 
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Table 6.2.7-3: Core Area in the Terrestrial Regions of the Coastal Hudson Bay Ecozone, by Development Period 

Terrestrial 
Region 

Core 
Area 

Minimum 
Size (ha) 

Total Area (ha) Core Area Percentage Number 

Pre-Dev 1 Pre-Hydro 2 EE 3 Pre-Dev Pre-Hydro EE Pre-Dev Pre-Hydro EE 

Hudson Coast 

200 657,172 644,285 641,139 99 97 96 13 17 18 

1,000 655,000 640,779 636,356 99 97 96 7 9 9 

50,000 615,150 588,449 569,854 93 89 86 4 4 4 

Warkworth 

200 615,254 611,700 614,301 100 99 99 9 11 7 

1,000 613,273 609,002 613,165 100 99 99 5 6 5 

50,000 572,122 552,752 555,948 93 90 90 3 3 3 

Fletcher 

200 705,765 697,544 698,270 100 99 99 5 7 7 

1,000 704,775 696,554 696,417 100 99 99 4 6 5 

50,000 704,775 694,828 696,417 100 98 99 4 5 5 

1. Pre-development. 
2. Pre-hydroelectric development. 
3. Existing environment. 
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AFTER HYDROELECTRIC DEVELOPMENT 

In 1974, operation of the CRD (Map 6.2.7-3) marked the start of the hydroelectric development period in 
the Hudson Coast Terrestrial Region. The CRD caused dewatering along the entire reach of the Churchill 
River in the region. No further hydroelectric development occurred in the region until 1985, when the 
Radisson to Churchill transmission line was constructed, and then in 1999 with the construction of the 
Churchill Weir. Non-hydroelectric development during this period was primarily transportation-related, 
including roads, limited-use roads and winter roads near Churchill. 

Between 1974 and 2013, the size of the human infrastructure footprint increased from 1,168 ha to 
1,645 ha, or 0.2% of land area, in the Hudson Coast Terrestrial Region (Table 6.2.7-1, Map 6.2.7-3). 
Hydroelectric developments accounted for approximately 71% of the human footprint increase. The 
largest contributor to this increase by far was dewatering, which made up 61% of the footprint increase. 
Dewatering was initially higher prior to the construction of the Churchill Weir in 1999, which raised water 
levels approximately 10 km upstream of the structure. Transmission lines made up most of the remaining 
increase due to hydroelectric development. Roads were the largest non-hydroelectric contributor to 
footprint expansion, accounting for nearly 20% of the increase. As of 2013, hydroelectric developments 
made up approximately 21% of the total human footprint in the region. 

As of 2013, there were approximately 257 km of linear features in the region (Table 6.2.7-2), yielding a 
total linear feature density of 0.04 km/km2 and a transportation density of 0.04 km/km2. Roads made up 
most of the linear feature density (54%), with railway, limited-use roads and winter roads making up most 
of the remaining density (41% combined). Hydroelectric features made up just under 6% of the total linear 
feature density in the region, most of which was transmission lines (4% of total). The Churchill Weir made 
up the remainder of the hydroelectric linear features. These features occurred near the east bank of the 
Churchill River (Map 6.2.7-3). The transmission line very closely followed the pre-existing railway corridor 
in this region. 

By 2013, human development did not substantially reduce total core area in blocks of at least 200 ha or 
1,000 ha, both decreasing from 97% to 96%, while core area in blocks larger than 50,000 ha was reduced 
to 86% (Table 6.2.7-3). As of 2013, there were 18 core areas larger than 200 ha, and nine core areas 
larger than 1,000 ha, but the number of large core areas remained at four (Table 6.2.7-3). 

As of 2013, the four large natural core areas that dominated the region prior to development still 
dominated, and only two of these core areas (Between the Churchill and Nelson rivers) were reduced in 
size — to 182,651 ha and 151,810 ha. Most of the fragmentation of these two core areas was due to non-
hydroelectric development concentrated near the Town of Churchill. The transmission line development 
fell within the pre-existing HBR corridor, so hydroelectric developments did not affect core areas 
substantially in this region. Construction of the Churchill Weir was concentrated within or adjacent to the 
banks of the Churchill River.  
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6.2.7.1.2 Warkworth Terrestrial Region  

The development periods for the Warkworth Terrestrial Region were as follows:  

• the pre-development period ended in 1917, with partial construction of the HBR to Port Nelson; 
• the pre-hydroelectric development period was from 1917 to 1974; and 

• the hydroelectric development period was from 1974 to 2013, beginning with operation of the CRD, 
which affected downstream flows into this terrestrial region. 

BEFORE HYDROELECTRIC DEVELOPMENT 

The human infrastructure footprint in the Warkworth Terrestrial Region had grown from nothing in 1916 to 
110 ha, or 0.02% of land area, in 1973 (Table 6.2.7-1). The first human footprints were associated with 
the HBR, constructed around 1917, which included an abandoned rail bed to Port Nelson, followed by the 
HBR line to Churchill, which began construction around 1924. A small amount of borrow area and 
clearing made up the remainder of the human footprint (Map 6.2.7-2). 

The human footprint included approximately 34 km of railway (Table 6.2.7-2), yielding a total 
transportation linear feature density of 0.01 km/km2. 

Prior to the first human infrastructure development around 1917, nine core areas larger than 200 ha (and 
five larger than 1,000 ha) accounted for approximately 100% of regional land area (Table 6.2.7-3). Three 
large core areas accounted for 93% of the region, divided by the major rivers. These included a 270,648 
ha core area between the Churchill and Owl Rivers, a 174,503 ha area south of the Owl River, and a 
126,970 ha area between the Churchill and North Knife River. By 1973, infrastructure development 
reduced core area percentage from approximately 100% to 99% for the 200 ha and 1,000 ha size 
classes, and from 93% to 90% for the 50,000 ha size class. The HBR fragmented the large core area 
east of the Churchill River, increasing the number of core areas larger than 200 ha from nine to 11 and 
increased core areas larger than 1,000 ha from five to six, while the number of large core areas remained 
at three. 

AFTER HYDROELECTRIC DEVELOPMENT 

In 1974, operation of the CRD (Map 6.2.7-3) marked the start of the hydroelectric development period in 
the Warkworth Terrestrial Region. The CRD caused dewatering along the entire reach of the Churchill 
River in the region. No further hydroelectric development occurred in the region until 1985, when the 
Radisson to Churchill transmission line was constructed. Non-hydroelectric development during this 
period included a small amount of road and limited-use road overlapping the northern boundary in the 
areas developed around Churchill. 

Between 1974 and 2013, the size of the human infrastructure footprint increased from 110 ha to 2,588 ha, 
or 0.4% of land area, in the Warkworth Terrestrial Region (Table 6.2.7-1, Map 6.2.7-3). Hydroelectric 
developments accounted for nearly 100% of the human footprint increase. The largest contributor to this 
increase by far was dewatering, which made up 96% of the footprint increase. Transmission lines made 
up most of the remaining increase due to hydroelectric development. Limited-use roads were the largest 
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non-hydroelectric contributor to footprint expansion. As of 2013, hydroelectric developments made up 
nearly 96% of the total human footprint in the region. 

As of 2013, there were approximately 74 km of linear features in the region (Table 6.2.7-2), yielding a 
total linear feature density of 0.01 km/km2 and a transportation density of 0.01 km/km2. Railway made up 
most of the linear feature density (47%), followed by transmission lines (40%). In this region, transmission 
lines very closely followed the HBR corridor (Map 6.2.7-3). Limited-use roads made up most of the 
remaining linear features in the region. All of these features except the abandoned rail bed to Port Nelson 
are concentrated in the central portions of the region just west of the Churchill River (Map 6.2.7-3). 

By 2013, human development did not substantially reduce total core area in blocks of at least 200 ha or 
1,000 ha, both remaining at approximately 99%, while large core areas remained at 90% (Table 6.2.7-3). 
As of 2013, there were seven core areas larger than 200 ha, five core areas larger than 1,000 ha, and 
three core areas larger than 50,000 ha (Table 6.2.7-3). Due to dewatering, the core areas adjacent to the 
Churchill River increased in size slightly, and some islands within the river merged to form larger core 
areas. The largest core area east of the Churchill River, which contained all of the infrastructure 
development, was the only core area to reduce in size (from 252,472 ha to 252,175 ha). 

Human development slightly reduced the area of one core area larger than 50,000 ha, but did not 
fragment any of the core areas during the hydroelectric development period. The only hydroelectric 
footprint, the transmission line to Churchill, fell within the pre-existing HBR corridor and did not affect core 
area in this region. 

6.2.7.1.3 Fletcher Terrestrial Region  

The development periods for the Fletcher Terrestrial Region were as follows:  
• the pre-development period ended in 1924 with construction of the HBR; 

• the pre-hydroelectric development period was from 1924 to 1974; and 

• the hydroelectric development period was from 1974 to 2013, beginning with operation of the CRD, 
which affected downstream flows into this terrestrial region. 

BEFORE HYDROELECTRIC DEVELOPMENT 

The human infrastructure footprint in the Fletcher Terrestrial Region had grown from nothing in 1923 to 
293 ha, or 0.04% of land area, in 1973 (Table 6.2.7-1). The first human footprints were associated with 
the HBR line to Churchill, which began construction around 1924 (Map 6.2.7-2). No further infrastructure 
development occurred during this period. 

The human footprint included approximately 92 km of railway (Table 6.2.7-2), yielding a total 
transportation linear feature density of 0.01 km/km2. 

Prior to the first human infrastructure development around 1924, five core areas larger than 200 ha (and 
four larger than 1,000 ha and 50,000 ha) accounted for approximately 100% of the regional land area 
(Table 6.2.7-3). Two core areas (392,194 ha and 194,742 ha) dominated the central portions of the 
region, separated by the Churchill River. A third 54,881 ha core area occurred north of the North Knife 
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River, and a fourth 62,959 ha core area made up the region south of the Owl River. By 1973, 
infrastructure development reduced core area percentage from approximately 100% to 99% for the 
200 ha and 1,000 ha size classes, and from 100% to 98% for the 50,000 ha size class. The HBR 
fragmented the large core area east of the Churchill River increasing the number of core areas larger 
than 200 ha from five to seven, core areas larger than 1,000 ha from four to six, and core areas larger 
than 50,000 ha from four to five. 

AFTER HYDROELECTRIC DEVELOPMENT 

In 1974, operation of the CRD (Map 6.2.7-3) marked the start of the hydroelectric development period in 
the Fletcher Terrestrial Region. The CRD caused dewatering along the entire reach of the Churchill River 
in the region. No further hydroelectric development occurred until 1985, when the Radisson to Churchill 
transmission line was constructed. Non-hydroelectric development during this period included a small 
amount of clearing at the end of a rail spur extending east from the main HBR line. 

Between 1974 and 2013, the size of the human infrastructure footprint increased from 293 ha to 1,520 ha, 
or 0.2% of land area, in the Fletcher Terrestrial Region (Table 6.2.7-1, Map 6.2.7-3). Hydroelectric 
developments accounted for approximately 97% of the human footprint increase. The largest contributor 
to this increase was dewatering, which made up 75% of the footprint increase. Transmission lines made 
up most of the remaining increase (22%). In this region, the transmission line corridor connects with the 
HBR line near the southern border, and closely follows it north through the remainder of the region. As of 
2013, hydroelectric developments made up nearly 78% of the total human footprint in the Fletcher 
Terrestrial Region. 

As of 2013, there were approximately 170 km of linear features in the region (Table 6.2.7-2), yielding a 
total linear feature density of 0.02 km/km2 and a transportation density of 0.01 km/km2. Railway made up 
most of the linear feature density (54%), followed by transmission lines (46%), which were the only two 
linear feature types in the region. The transmission line very closely followed the HBR corridor (Map 
6.2.7-3). 

By 2013, human development did not substantially reduce total core area in blocks of at least 200 ha or 
1,000 ha, both remaining at approximately 99% (Table 6.2.7-3). Due to dewatering, large core area 
percentage increased from 98% to 99% of the regional land area. As of 2013, there were seven core 
areas larger than 200 ha, and five core areas larger than 1,000 ha and 50,000 ha (Table 6.2.7-3). Due to 
dewatering, the core areas adjacent to the Churchill River increased in size slightly, and some islands 
within the river merged to form larger core areas. The largest core area east of the Churchill River, which 
contained all of the infrastructure development, was the only core area to reduce in size (from 246,626 ha 
to 246,530 ha). 

Human development slightly reduced the area of one core area larger than 50,000 ha. The only 
hydroelectric footprint, the transmission line to Churchill, fell within the pre-existing HBR corridor for most 
of its reach through the region; but it diverges from the rail line near the south border of the region, which 
fragmented a portion of the core area, creating an additional 863 ha core area. 
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6.2.7.2 Cumulative Effects of Hydroelectric Development  

6.2.7.2.1 Regional Effects 

INDICATOR RESULTS 

The human footprint in all of the terrestrial regions of the Coastal Hudson Bay Ecozone was relatively 
small in every development period. Prior to any hydroelectric development in the ecozone, all of the 
approximately 1,571 ha of human development on the 1,984,092 ha of pre-development land area was 
concentrated on the east side of the Churchill River, and in the Churchill community area within the 
Hudson Coast Terrestrial Region. The human footprint in the Hudson Coast Terrestrial Region was 0.2% 
of the pre-development land area, and less than 0.05% in the other two regions. 

Relative to what was there just prior to the start of hydroelectric development, large increases in the 
human footprint size occurred during the hydroelectric development period in the terrestrial regions. By 
2013, the human footprint had increased to between 1,520 ha and 2,698 ha in the three regions 
(Table 6.2.7-4). Hydroelectric development, primarily dewatering, was by far the largest contributor to 
these increases in the terrestrial regions, accounting for between 71% and 100% of the total increases. 

Dewatering associated with the CRD was the largest component of the increase in hydroelectric 
development footprint size in all three terrestrial regions, accounting for 92% of the total footprint in the 
Warkworth Terrestrial Region, 61% in Fletcher, and 18% in Hudson Coast. In the latter, the CRD 
dewatering was partially offset by construction of the Churchill Weir in 1999. Most of the remaining 
hydroelectric footprint increases in the regions were due to the Radisson to Churchill transmission line. 

EVALUATION OF EFFECTS 

Despite the relatively large increases in the human development footprint due to hydroelectric 
development, cumulative effects on intactness were still relatively low in all three of the terrestrial regions 
in 2013. By this year, the human footprint covered only between 0.2% and 0.4% of historical land area in 
these terrestrial regions. All of these percentages were near the low end of the low magnitude range for 
cumulative effects on intactness (Section 6.2.1.3) using this metric alone. Linear feature density was 0.04 
km/km2 or lower in the three terrestrial regions (Table 6.2.7-4), which was well within the benchmark 
range of 0.00 km/km2 to 0.40 km/km2 for low magnitude cumulative effects on intactness (Section 6.2.1.3) 
using this metric alone. Core area percentage remained at 97% and above in all three terrestrial regions 
(Table 6.2.7-4), which was well within the benchmark range of 66% to 100% for low magnitude 
cumulative effects on intactness (Section 6.2.1.3) using this metric alone. Effects on large core areas 
were limited to relatively small reductions in area, or subdivision of a large core area into two or more 
large core areas. No large core areas were completely removed from the ecozone since human 
development began, and some core areas increased in size due to dewatering. 
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Table 6.2.7-4: Regional Cumulative Effects on Intactness in the Terrestrial Regions of the Coastal Hudson Bay Ecozone 

Terrestrial 
Region Source 

Human Footprint 
(ha) 

Human Footprint 
(%) 3 

Linear Feature 
Density (km/km2) 

Core Area Percentage 
(>1,000 ha; >50,000 ha) 

Large Core Areas 
(>50,000 ha) 

Pre-
Hydro 4 EE 5 Pre-

Hydro EE Pre-
Hydro EE Pre-Hydro EE Pre-

Hydro EE 

Hudson 
Coast 

Hydro 1 - 339 - 0.1 - 0.00 - - - - 
Non-Hydro 2 1,168 1,306 0.2 0.2 0.03 0.04 - - - - 

Both 1,168 1,645 0.2 0.3 0.03 0.04 97; 89 96; 86 4 4 

Warkworth 

Hydro - 2,580 - 0.4 - 0.00 - - - - 

Non-Hydro 110 118 0.0 0.0 0.01 0.01 - - - - 

Both 110 2,698 0.0 0.4 0.01 0.01 99; 90 99; 90 3 3 

Fletcher 

Hydro - 1,193 - 0.2 - 0.01 - - - - 

Non-Hydro 293 327 0.0 0.0 0.01 0.01 - - - - 

Both 293 1,520 0.0 0.2 0.01 0.02 99; 98 99; 99 5 5 
Notes: Values of “0” indicate a number that rounds to zero, “-” indicates an absence. Subtotals for hydroelectric and non-hydroelectric sources may not appear to reflect sum due to 
rounding. 
1. Hydroelectric development. 
2. Non-hydroelectric development. 
3. Human footprint as a percentage of pre-development land area. 
4. Pre-hydroelectric development. 
5. Existing environment. 
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It is noted that the actual values of the regional intactness metrics may be slightly more adverse than 
reported due to the method limitations listed in Section 6.2.1.4.2. These limitations were adequately 
addressed by two factors: the large gap between the reported values and the moderate magnitude 
benchmark range, as well as by the precautionary way the moderate magnitude range was set (see 
Section 6.2.1.4.2). 

Given that the existing environment values for all metrics were in the low end of their benchmark ranges 
for low magnitude effects, cumulative effects on regional intactness have been low in all of the terrestrial 
regions. Cumulative effects have been low primarily because the human infrastructure footprint remained 
small. Additionally, many features were situated near other existing human features (i.e., the HBR) or 
near or on the large rivers that had already naturally fragmented the regions. 

REGIONAL CUMULATIVE EFFECTS CONCLUSION 

While the cumulative effects of human development, including hydroelectric development, on the 
intactness of the terrestrial regions in the Coastal Hudson Bay Ecozone have been adverse, these effects 
remained within an ecologically acceptable range as of 2013. This was the case primarily because the 
cumulative human footprint remained relatively small. Additionally, most of these footprints were located 
in proximity to each other or were developed on or near natural features that naturally altered ecological 
flows and habitat. 

6.2.7.2.2 Local Effects  

This section focuses on locations where hydroelectric development impacts were concentrated.  

As described above, hydroelectric development impacts were concentrated on or near the Churchill River 
and in the vicinity of the Town of Churchill. The shoreline ecosystem subcomponent of the terrestrial 
habitat RSC (Section 6.3.1.2.4) evaluates potential local intactness effects on shore zone and offshore 
wetland ecosystems. The wildlife RSCs evaluate how localized changes to ecological flows and habitat 
affected wildlife. 

In off-system areas, the Radisson to Churchill transmission line was the only hydroelectric development 
impact and it was located alongside the HBR in these terrestrial regions except for a short length in the 
southern portion of the Fletcher Terrestrial Region. The TCN people have observed that this transmission 
line has reduced forest habitat, including habitat used by furbearers (Split Lake Cree-Manitoba Hydro 
Joint Study Group 1996a). Churchill community trappers view the increased access to trapping areas, 
caused by the Radisson to Churchill transmission line, as a positive aspect of development. Additionally, 
the increased edge habitat may increase the abundance of some prey species, and their predator 
species, which is a positive effect for trappers (Summary of Community Information, Section 3.5.4.4). 
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6.2.8 Effects of Hydroelectric Development in the Region 
of Interest on Intactness 

6.2.8.1 Changes in the Indicators over Time 

BEFORE HYDROELECTRIC DEVELOPMENT 

In the terrestrial regions overlapping the RCEA ROI, permanent infrastructure development began in 
1911 with the construction of the HBR. Between 1911 and 1957 (the year hydroelectric development 
began in the terrestrial regions), the human infrastructure footprint grew from nothing to approximately 71 
km2 (Table 6.2.8-1). Most of this footprint consisted of the HBR and several settlements that established 
along its route. Prior to 1957, the human footprint was concentrated in the upper Nelson (29%), Hudson 
Coast (16%) and Paint (15%) terrestrial regions (Map 6.2.8-1). As of 1956, the human footprint was 
approximately 0.04% of the total land area of all 17 terrestrial regions overlapping the RCEA ROI. Within 
each terrestrial region, the human footprint ranged in size from between zero and 0.2 percent of the total 
regional land area. 

Before hydroelectric development, the human footprint included approximately 1,020 km of linear features 
(Table 6.2.8-1), yielding a total linear feature density of 0.006 km/km2. Most of this was associated with 
the HBR, but there were also relatively short lengths of various types of roads associated with the 
settlements in the terrestrial regions. 

Prior to the first human infrastructure development, core areas larger than 200 ha accounted for nearly 
100% (172,754 km2) of the land area in all the terrestrial regions combined (99% for core areas larger 
than 1,000 ha; Table 6.2.8-1). Large core areas (> 50,000 ha) accounted for 97% of the land area. The 
percentage of core area varied between 99% and 100% for all terrestrial regions (between 98% and 
100% for core areas larger than 1,000 ha, and between 92% and 100% for large core areas). The 
number of core areas varied more widely by terrestrial region (1 to 48 for the 200 ha minimum size, 1 to 
18 for the 1,000 ha minimum, and 1 to 4 for large core areas), depending on the density of natural 
features (i.e. waterbodies) that fragment the landscape. The upper Nelson and Southern Indian terrestrial 
regions, which had the largest waterbodies on the Nelson and Churchill River systems, also had the 
largest number of core areas. 

During the non-hydroelectric infrastructure development period (the end of which varied from 1957 to 
1974 among the terrestrial regions), the percentage of core area declined slightly or remained 
unchanged. At the end this period, core areas larger than 200 ha (and larger than 1,000 ha) ranged 
between 96% and 100% of the regional land areas, and between 83% and 100% for large core areas. 
These combined to represent 99%, 98% and 95% of the total land area in the RCEA ROI for the 200 ha, 
1,000 ha and 50,000 ha size classes, respectively.
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Table 6.2.8-1: Summary of Cumulative Effects on Intactness in the Terrestrial Regions of the RCEA Region of Interest 

Indicator Metric Pre-
Development 1

Pre-
Hydroelectric 
Development 2

Existing Environment 

Non-Hydroelectric Hydroelectric Both 

Human 
Infrastructure 
Footprint 

Size of human footprint 
(km2) 3 none 71 389 1,741 (82%) 2,130 

Human footprint as 
percentage of land area none 0.04 0.2 1.0 1.2 

Linear 
Density 

All feature types (km per 
km2 of land area) 3 none 0.01 0.05 0.03 (33%) 0.08 

Transportation features 
(km per km2 of land area) 3 none 0.01 0.05 0.01 0.06 

Core Area 

Core area as a percentage 
of land area (>1,000 ha) 99 98 na 4 na 4 94 

Core area as a percentage 
of land area (>50,000 ha) 97 95 na 4 na 4 81 

1. For human footprint and linear density, the pre-development period ends in 1910 for the entire Region of Interest. For core area, the year varies among the terrestrial regions.
2. For human footprint and linear density, the pre-hydroelectric period ends in 1956 for the entire Region of Interest. For core area, the year varies among the terrestrial regions.
3. Value in brackets provides the hydroelectric development percentage of the total for existing environment.
4. The overlapping buffers of human footprints in proximity to each other hinders a clear attribution of the source of effects on core areas. Hydroelectric development to non-

hydroelectric development ratios for human footprint size and linear feature density were used as proxies.
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AFTER HYDROELECTRIC DEVELOPMENT 

Hydroelectric development began in the Keeyask and Dafoe terrestrial regions in 1957 with the 
construction of a rail spur to the site of the Kelsey GS. By 1974, the hydroelectric development period had 
been initiated in all of the terrestrial regions within the RCEA ROI through operation of the CRD. 

Between 1957 and 2013, the size of the human infrastructure footprint increased from 71 km2 to 2,130 
km2 over all 17 terrestrial regions, or from between 0.02% and 3.8% of regional land area (Table 6.2.8-1; 
Map 6.2.8-2). Hydroelectric developments accounted for 85% of the increase in human footprint size, with 
flooding being the largest contributor by far (62%), followed by dewatering (10%). Transmission line 
rights-of-way and converter stations accounted for 9% of the increase.  

The human footprint percentages in all of the terrestrial regions were relatively small in every 
development period (Table 6.2.8-2), and were near the low end of the low magnitude range for 
cumulative effects on intactness (Section 6.2.1.3) using this metric alone. 

As of 2013, there were approximately 13,408 km of linear features in the terrestrial regions, representing 
a 1,215% increase and yielding a total linear feature density of 0.08 km/km2 (Table 6.2.8-1) and a 
transportation density of 0.06 km/km2. Limited-use roads (32%), transmission lines (24%), winter roads 
(17%), and roads and highways (10% each) accounted for the largest proportions of the total linear 
feature density in the terrestrial regions combined. 

Linear feature density varied widely between the terrestrial regions, ranging between 0.001 and 0.29 
km/km2 (Table 6.2.8-2). Most of the features were concentrated in the southern and central terrestrial 
regions, particularly the William, upper Nelson and Paint terrestrial regions, where most of the human 
development was concentrated. Non-hydroelectric developments were the larger contributor to linear 
feature density in the William, upper Nelson and Paint terrestrial regions, while in the northern terrestrial 
regions hydroelectric developments tended to be the larger contributor. 

Linear feature densities in all of the 17 terrestrial regions overlapping the RCEA ROI were well within the 
benchmark range of 0.00 km/km2 to 0.40 km/km2 for low magnitude cumulative effects on intactness 
(Section 6.2.1.3) using this metric alone.  

By 2013, human development during the hydroelectric development period reduced total core area in 
some terrestrial regions, but did not substantially reduce core area in others. The percentage of core area 
in blocks of at least 200 ha ranged between 84% and 100% of the total land area, between 82% and 
100% for blocks of at least 1,000 ha, and between 46% and 100% for blocks of at least 50,000 ha (Table 
6.2.8-1). The corresponding number of core areas ranged between 5 and 136, 4 and 58, and 2 and 6. 
Fragmentation was the highest in the three terrestrial regions indicated above, where development was 
most concentrated in the RCEA ROI.  

Core area percentage (for blocks of at least 1,000 ha) remained at 84% or above in all 17 terrestrial 
regions (Table 6.2.8-2), which was well within the benchmark range of 66% to 100% for low magnitude 
cumulative effects on intactness (Section 6.2.1.3) using this metric alone. 
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Effects on large core areas were limited to relatively small reductions in area, or subdivision of a large 
core area into two or more large core areas. No large core areas were completely removed since the start 
of human infrastructure development, and some core areas increased slightly in size due to dewatering. 

Transportation footprints not related to hydroelectric development were responsible for the largest 
proportion of the intactness impacts over all of the terrestrial regions combined (64% of all linear features 
in 2013), particularly in the southern terrestrial regions. With respect to hydroelectric development, 
transmission lines were by far the largest contributor to fragmentation. However, many of the transmission 
line corridors closely followed pre-existing transportation corridors, which reduced their overall 
contribution to fragmentation, relative to their total length. Additionally, the transmission line effects on 
intactness were expected to be generally less than some other linear feature and human footprint types. 
In terms of access, transmission line rights-of-way are low use features compared with roads because 
they are not constructed to support traffic and because the terrain in these terrestrial regions generally 
limit their use to the winter along much of their length. Other lesser effects include less habitat 
disturbance and fewer opportunities for invasive plant colonization because impacts were limited to 
vegetation clearing along much of their length. Transmission line effects are further reduced where they 
followed other linear features such as roads and railway lines. 

In the William Terrestrial Region, some linear features come close to connecting with other human 
footprints, so that ecological flows (e.g., wildlife movements, plant dispersal) may have been more greatly 
affected than indicated solely by the combination of linear feature density, core area percentage and 
changes to the number of core areas. A qualitative connectivity evaluation indicated that unmapped 
cutlines, trails and interconnections were limited. Additionally, the evaluation found that wetland 
peatlands, which impede access when the ground is not frozen, were widespread in this terrestrial region. 

Given that the existing environment values for all intactness metrics were in their low magnitude 
benchmark ranges (and in the lower half of these ranges for most), cumulative effects on regional 
intactness have been low in all of the terrestrial regions. The highest cumulative effects on intactness 
occurred in the William, Paint and upper Nelson terrestrial regions. 

It was expected that the actual values of the regional intactness metrics were slightly more adverse than 
reported due to the data or analysis limitations described in Section 6.2.1.4.2. However, it was expected 
that these limitations were adequately addressed for all terrestrial regions with the possible exception of 
Paint by two factors: the large gap between the reported values and the moderate magnitude benchmark 
range, as well as by the precautionary way the moderate magnitude range was set (see Section 
6.2.1.4.2). For the Paint Terrestrial Region, the addition of cutlines could increase linear density into the 
lower end of the moderate magnitude range. 

Given that the existing environment values for all metrics are in the low end of their benchmark ranges for 
low magnitude effects, cumulative effects on regional intactness have been low in all of the terrestrial 
regions with the possible exception of Paint. Regional cumulative effects on intactness have been low 
primarily because the human infrastructure footprint remains small. Additionally, many features were 
situated near other existing human features or near or on the large rivers that had already naturally 
fragmented the regions. The main exceptions for hydroelectric development were the excavation of the 
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channel connecting Southern Indian Lake to the Rat River system, several transmission lines and the 
access road to the Wuskwatim GP.  

Regional cumulative effects on intactness have been low primarily because the human infrastructure 
footprint remained small. Additionally, many features were situated near other existing human features, or 
near or on the large rivers that had already naturally fragmented the regions. The most substantive 
hydroelectric development exceptions in terms of their potential effects on intactness were portions of 
several transmission lines. Some of these included Bipole III, which closely followed the railbed of the 
HBR in the southern portions of the RCEA ROI. The Grand Rapids to Ponton transmission line, Ponton to 
Mystery Lake transmission line and portions of Bipoles I and II closely followed PR 6. In the north of the 
RCEA ROI, the Radisson to Churchill transmission line closely followed the HBR for much of its length.  
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Table 6.2.8-2: Summary of Cumulative Effects on Intactness in each Terrestrial Region 
overlapping the RCEA Region of Interest 

Terrestrial 
Region Source 

Human Footprint LF 3 
Density 

(km/km2) 

Core Area 
Percentage 
(>1,000ha; 
>50,000ha) 

Large Core 
Areas 

(>50,000ha) (ha) (% of land area) 

Paint 
Hydro 1 7,921 0.8 0.09 - - 
Non-Hydro 2 15,567 1.5 0.23 - - 

Both 23,488 2.3 0.33 81; 46 3 

Wuskwatim 

Hydro 10,782 1 0.03 - - 

Non-Hydro 2,100 0.2 0.05 - - 

Both 12,882 1.2 0.08 95; 85 4 

Rat 

Hydro 31,120 3.3 0.03 - - 

Non-Hydro 3,244 0.3 0.05 - - 

Both 34,363 3.6 0.08 94; 62 5 

Baldock 

Hydro 20,262 2.2 0.01 - - 

Non-Hydro 2,267 0.2 0.03 - - 

Both 22,528 2.4 0.04 96; 86 2 

Keeyask 

Hydro 26,503 2.6 0.07 - - 

Non-Hydro 1,299 0.1 0.04 - - 

Both 27,802 2.8 0.11 90; 50 3 

Dafoe 

Hydro 5,360 0.4 0.03 - - 

Non-Hydro 813 0.1 0.03 - - 

Both 6,174 0.5 0.05 95; 86 6 

Upper 
Nelson 

Hydro 26,103 2.1 0.06 - - 

Non-Hydro 5,265 0.4 0.15 - - 

Both 31,369 2.6 0.21 86; 58 6 

Molson 

Hydro 64 0 0 - - 

Non-Hydro 897 0.1 0.02 - - 

Both 962 0.1 0.03 97; 94 2 

William 

Hydro 3,040 0.4 0.07 - - 

Non-Hydro 4,620 0.5 0.21 - - 

Both 7,660 0.9 0.27 83; 68 4 

Bradshaw 

Hydro 1,698 0.1 0.01 - - 

Non-Hydro 41 0 0 - - 

Both 1,739 0.1 0.01 100; 100 5 
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Table 6.2.8-2: Summary of Cumulative Effects on Intactness in each Terrestrial Region 
overlapping the RCEA Region of Interest 

Terrestrial 
Region Source 

Human Footprint LF 3 
Density 

(km/km2) 

Core Area 
Percentage 
(>1,000ha; 
>50,000ha) 

Large Core 
Areas 

(>50,000ha) (ha) (% of land area) 

Upper 
Churchill 

Hydro 12,089 0.8 0 - - 

Non-Hydro 2 0 0 - - 

Both 12,091 0.8 0 100; 96 3 

Southern 
Indian 

Hydro 15,491 1.2 0.01 - - 

Non-Hydro 156 0 0.01 - - 

Both 15,647 1.2 0.01 97; 94 3 

Limestone 
Rapids 

Hydro 4,796 0.6 0.06 - - 

Non-Hydro 780 0.1 0.04 - - 

Both 5,576 0.7 0.1 93; 79 4 

Deer Island 

Hydro - - - - - 

Non-Hydro 119 0 0.01 - - 

Both 119 0 0.01 99; 96 3 

Hudson 
Coast 

Hydro 339 0.1 0 - - 

Non-Hydro 1,306 0.2 0.04 - - 

Both 1,645 0.3 0.04 97; 86 4 

Warkworth 

Hydro 2,580 0.4 0 - - 

Non-Hydro 118 0 0.01 - - 

Both 2,698 0.4 0.01 99; 90 3 

Fletcher 

Hydro 1,193 0.2 0.01 - - 

Non-Hydro 327 0 0.01 - - 

Both 1,520 0.2 0.02 99; 99 5 
Notes: Values of “0” indicate a number that rounds to zero, “-“ indicates an absence. Subtotals for hydroelectric and non-
hydroelectric sources may not appear to reflect sum due to rounding. 
1. Hydroelectric development. 
2. Non-hydroelectric development. 
3. Linear feature. 
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6.2.8.2 Summary of Cumulative Effects of Hydroelectric 
Development in the Region of Interest on Intactness  

• Intactness is the degree to which an ecosystem remains unaltered by human infrastructure 
development and other activities that alter ecological patterns and flows through impacts such as 
removing habitat, changing hydrology or fragmenting native ecosystems and habitat. It can be used 
as a general indicator for many ecosystem processes and wildlife species, and provides a good 
indication for overall effects on regional ecosystem health.  

• Intactness was measured using the following indicators: 
o Human infrastructure footprint size, which is the area occupied by permanent infrastructure, 

such as buildings or airports, or cleared areas, such as borrow areas or other settlement areas. 
Human infrastructure does not include any changes to the land traditionally made by the 
Aboriginal people who have lived on the land for thousands of years. As Aboriginal people have 
been part of natural ecosystems for millennia, their traditional activities on the land were 
considered a natural effect on intactness. 

o Linear feature density, which measures the overall length of linear features (e.g., roads, 
transmission lines, railway lines) per square kilometer of area. 

o Core area, which refers to large areas sufficiently far from human infrastructure to be virtually 
unaffected by them. 

• The pre-hydroelectric development period began with the construction of the HBR line and the 
Churchill port. In some terrestrial regions, the pre-hydroelectric development period included 
infrastructure related to mining, highway and community construction. In other regions, there was no 
infrastructure development prior to hydroelectric development.  

• The hydroelectric development period in the RCEA ROI began with construction of a rail spur 
connecting the HBR to the future site of the Kelsey GS. The hydroelectric development era began at 
different times in different terrestrial regions. 

• Human infrastructure footprint size over all of the terrestrial regions increased from 71 km2 (0.04% of 
land area) at the end of the pre-hydroelectric period to 2,130 km2 (1.2% of land area) during the post-
hydroelectric period. These values fell within the low magnitude effects benchmark range, which 
includes up to a maximum of 10% land area loss.  
o Hydroelectric development infrastructure comprised 82% of the total footprint area in the 

existing environment.  
• The major contributors to the post-hydroelectric footprint included: 

o flooding, which mainly affected the terrestrial regions in the Western and Eastern Boreal Shield 
ecozones and the western portions of both the Taiga Shield and Hudson Plains ecozones; 

o dewatering, which affected terrestrial regions in the Taiga Shield and the Coastal Hudson Bay 
ecozones; and 

o transmission lines, which affected all terrestrial regions except for Southern Indian and Deer 
Island. 

• Total linear feature density increased from 0.01 to km/km2 to 0.08 km/km2 during this period. These 
values fall within the low magnitude effects benchmark range, which included values up to a linear 
density of 0.40 km/km2.  
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o Transportation density increased to 0.06 km/km2 in the existing environment. 
o Hydroelectric development contributed 33% of the total linear density in the RCEA ROI.  
o Linear density varied among the ecozones, but was most concentrated in the William, upper 

Nelson and Paint terrestrial regions, where non-hydroelectric features were more dense; as 
compared to the northern regions, where linear features were mainly hydroelectric. 

o The following features accounted for the majority of the linear density in the RCEA ROI: 
- limited-use roads, which were the most dense in the Western Boreal Shield Ecozone; 
- transmission lines, which were more dense in the southern and central ecozones; and, 
- roads and highways, which were more dense in the southern and central ecozones. 

• Core areas larger than 1,000 ha and 50,000 ha represented 99% and 97% of land area, respectively, 
at the start of the development period: 
o These core areas were reduced to 94% and 81% (core areas bigger than 1000 ha and 

50000 ha, respectively) in the existing environment.  
o Core area percentages values fell within the low magnitude effects benchmark range, which 

includes core area reductions to a minimum of 65% of land area, for all terrestrial regions 
(and near the low end for many).  

o Core area loss was highest in the south and central terrestrial regions (William, upper Nelson 
and Paint Lake). 

o Core area values also fell within the low magnitude range.  

• The human footprint was relatively small in all of the terrestrial regions by 2013, only covering 1.2% of 
the total land area included within the 17 terrestrial regions.  
o Although the human footprint percentages were slightly higher for individual terrestrial regions, 

they all fell within the low magnitude range.  
o Human footprint percentages fell within the low magnitude range in all of the 17 terrestrial 

regions.  
• Given that the values for all of the intactness measures fell within the low magnitude ranges, 

cumulative effects on regional intactness have been low in all 17 terrestrial regions, with the possible 
exception of the Paint Terrestrial Region. 
o The highest cumulative effects on intactness occurred in the William, Paint and upper Nelson 

terrestrial regions.  
o In the Paint Terrestrial Region, linear feature density was approaching the upper end of the low 

magnitude benchmark range. This could potentially elevate intactness effects into the moderate 
magnitude benchmark range. 

o Data limitations were adequately addressed for all terrestrial regions with the possible 
exception of Paint by at least two factors: the large gap between the reported values and the 
moderate magnitude benchmark range, as well as by the precautionary way the moderate 
magnitude range was set (see Section 6.2.1.4.2). Additional factors addressed data limitations 
in some terrestrial regions. 

o Regional cumulative effects on intactness have been low in all of the terrestrial regions primarily 
because the human infrastructure footprint remained small. Additionally, many features were 
situated near other existing human features, or large rivers that had already fragmented the 
regions. 
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• Local concentrations of hydroelectric development impacts were noted in a number of locations. At 
these locations, the local effects of development on intactness were much higher than at the regional 
level: 
o The Wuskwatim GP area included infrastructure, roads and borrow areas. There is local 

concern about the increase in stresses to key plant and animal populations due to the 
increased access to the area by outsiders. 

o The Jenpeg GS area included infrastructure, roads and borrow areas. 
o The Sipiwesk Lake area included concentrations of infrastructure, road and borrow areas. 

Virtually all of the infrastructure present was related to forestry access roads. 
o The south side of the Nelson River in the Keeyask Terrestrial Region included a concentration 

of transmission lines. There is local concern that habitat for plant and animal species will be lost 
and altered, and that increased access to the area by outsiders will increase stresses on the 
plants and animals. 

o The Kettle and Long Spruce GSs on the Nelson River in the Keeyask Terrestrial Region 
included dams, roads, dykes, transmission lines and converter stations, as well as large 
flooding footprints; and, 

o The Nelson River within the Limestone Rapids Terrestrial Region includes various 
combinations of transmission lines, roads, dykes, borrow areas and transmission converter 
stations. While these had limited effects on the larger core areas, due to their proximity with the 
Nelson River, they fragmented off-system areas next to the river, which likely affected 
ecological flows in these areas. Local communities view fragmentation due to hydroelectric 
development in this area as being significant.  

• First Nations people have expressed concerns about the effects the disruption of the environment 
through hydroelectric development has on their way of life, which they see as interconnected with the 
landscape.  
o “We know what the environment should be like in order to provide all the things that we require 

to be healthy. Specifically, our lands and waters should be whole and healthy, both of which are 
the prerequisites of a peaceful existence. This concept of wholeness is expressed in one 
simple sentence, “everything is connected” (FLCN 2012).  

o “The Cree worldview identifies us, as a group and individually, as Members of the natural world. 
Through our beliefs, values, practices and traditions, we have established relationships and 
obligations with all other parts of the natural world as an integral part of that world. The 
foundation of the Cree relationship is spiritual. We believe that all parts of nature, animate and 
inanimate, have a spirit or a soul and are worthy of respect. Thus, when one part of nature is 
impacted all the other parts are also impacted, which creates an imbalance that must be 
remedied.” (CNP 2012). 
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6.3 Terrestrial Habitat 

6.3.1 Introduction 
In basic terms, habitat is the place where an organism or a population lives. Because all natural areas are 
habitat for something, “terrestrial habitat” refers to all land habitats for all species. Habitat for a particular 
species is identified with a species prefix, such as moose (Alces alces) habitat, rusty blackbird 
(Euphagus carolinus) nesting habitat or jack pine (Pinus banksiana) habitat. In this report, terrestrial 
habitat includes vegetation, soils and other key attributes that are important to influencing the distribution 
and abundance of plants and animals. Mapped habitat types are the various combinations of vegetation 
and ecosite type found within the terrestrial regions. 

For the Regional Cumulative Effects Assessment (RCEA), terrestrial habitat was the foundation for 
describing and understanding the land environment, and for evaluating cumulative effects on terrestrial 
ecosystems including key ecosystem components such as wildlife species. Terrestrial habitat was a proxy 
for the pattern, structure and function of ecosystems since mapped habitat attributes represented most of 
the major stand level ecosystem components (e.g., vegetation and soils in a mapped habitat patch), 
biomass and controlling factors. Plants and animals require habitat for survival and reproduction. 
Because habitat effects served as a proxy for a wide array of terrestrial ecosystem effects, many 
indicators for regional and local ecosystem health could be derived from terrestrial habitat maps and 
observed relationships. Some First Nation members have indicated that all terrestrial habitats are 
important (e.g., War Lake First Nation 2002; Cree Nation Partners [CNP] 2012; Split Lake Cree-Manitoba 
Hydro Joint Study Group 1996; Shared Value Solutions 2015). For these key reasons, using terrestrial 
habitat as a Regional Study Component (RSC) provides an effective means (and the single best means) 
for identifying cumulative effects on the land environment in the RCEA Region of Interest (ROI). 

The terrestrial habitat RSC was an umbrella indicator for a number of interrelated ecosystem components 
and ways of viewing ecosystem health. Focal subcomponents were selected for this RSC to address 
more specifically issues that were of particular interest for RCEA. Ecosystem diversity, wetland function 
and shoreline ecosystems were the focal subcomponents for terrestrial habitat. 

6.3.1.1 Terrestrial Habitat Focal Subcomponents 

6.3.1.1.1 Ecosystem Diversity 

As described above, ecosystem diversity was selected as a terrestrial habitat subcomponent to address 
more specifically issues that were of particular interest for RCEA. Maintaining native biodiversity is 
fundamental to maintaining overall ecosystem function and ecosystem health (Canadian Council of 
Forest Ministers 1995). The three main components of biodiversity are genetic, species and ecosystem 
diversity.  

Ecosystem diversity referred to the number of different ecosystem types in a geographic area, and the 
distribution of area amongst them. Like terrestrial habitat, ecosystem diversity was of particular interest in 
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its own right, and because it was a proxy for effects on many ecosystem components 
(e.g., species diversity and wildlife habitat availability).  

Some ecosystem types were particularly important because they typically made disproportionately high 
contributions to ecosystem functions and/or biodiversity and/or were highly valued by people. 
Environmental assessment and land use management guidelines commonly identify effects on high 
quality habitats for focal wildlife species, rare habitats or wetlands as issues of high concern. Rarity is 
also a criterion commonly used to identify priority habitats in biodiversity conservation action plans. On 
this basis, more recent environmental impact statements (EISs) have used vegetation types of concern 
as a valued ecosystem component (e.g., Mackenzie Gas Project 2004; Encana Corporation 2007).  

Potential hydroelectric development effects on ecosystem diversity included the complete loss, major 
reduction or structural alteration of ecosystem types that were of high concern due to factors such as 
rarity, species diversity, they provided high habitat quality for wildlife species of concern or they made 
relatively high contributions to ecosystem function. 

The ecosystem diversity subcomponent of the terrestrial habitat RSC provided information on ecosystem 
diversity, partial information on plant species diversity and served as a proxy for other ecosystem 
components and functions (e.g., habitat availability for wildlife species not specifically addressed by 
the RCEA).  

6.3.1.1.2 Wetland Function 

Wetland functions are the natural properties or processes that are associated with wetlands, independent 
of the benefits those functions provide to humans (Smith et al. 1995; Lynch-Stewart & Associates 2000; 
Hanson et al. 2008). Among other things, wetlands convert sunlight into biomass, store carbon, create 
soil, store and purify groundwater, protect shorelines, contribute to biodiversity and provide high quality 
habitat for some plant and animal species. Wetlands generally make high contributions to ecosystem 
function (Mitsch and Gosselink 2000; Keddy 2010).  

Wetlands also provide services to people such as recreational and hunting opportunities and drinking 
water purification. Wetlands are either the only place or the best place to find several medicinal and 
country food plant species traditionally used by members of First Nations in the RCEA ROI 
(e.g., sweet flag [Acorus sp.; some local names for this plant are wekes, wekas or wihkis], tamarack 
[Pinus contorta], and cloudberry [Rubus chamaemorus]). 

Within the range of wetland types, some provide higher contributions to wetland functions than others do. 
These variations are referred to as wetland quality below. Potential hydroelectric development sources of 
effects on wetland function included the complete loss, major reduction or structural alteration of wetlands 
in the impact footprint and surrounding areas. Some of the pathways for these effects were physical 
disturbance, altered depth to groundwater or changes to the flows and nutrient status of surface water 
and groundwater. Hydroelectric development-related wetland loss and alteration affected wetland 
function, with the degree of these effects depending on several factors such as the types of wetlands 
impacted. Hydroelectric development could also potentially affect globally, nationally or provincially 
significant wetlands that have been identified by the Ramsar Convention (an international treaty relating 
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to wetland conservation and use), the North American Waterfowl Management Plan, Ducks Unlimited or 
the Manitoba Heritage Marsh Program. Better access to an area also had the potential to affect wetland 
function through the same pathways of effects as for terrestrial habitat (see Section 6.3.1.1).  

6.3.1.1.3 Shoreline Ecosystems 

The terrestrial ecosystems found along shorelines were distinctly different from those found elsewhere in 
the RCEA ROI, primarily for two reasons. Firstly, only a limited number of terrestrial plants can grow in 
areas that are periodically or permanently under water. Secondly, there is usually a vegetation 
composition gradient extending inland from the normal high water line due to edge effects created by the 
waterbody opening or elevated groundwater levels (e.g., a denser tall shrub understorey than farther 
inland due to more sunlight). These factors usually produce distinct bands of vegetation and ecosites on 
the inland side of the normal high water line. This RCEA refers to the distinct ecological zone along 
waterbody shorelines referred to as the shore zone rather than the riparian zone since the latter term has 
many different meanings in the literature and in everyday usage (e.g., some definitions include the 
shallow water areas while others do not). The shore zone includes areas starting in water that was 2 m 
deep and extending inland to the limit of waterbody effects on vegetation and soils (Figure 6.3.1-1). The 
inland zone included terrestrial habitat inland of the shore zone. Offshore wetlands were areas with 
emergent or floating-leaved vegetation that were separated from the shore zone by a band of open water. 

The dominant drivers (or controlling factors) for shoreline ecosystems were different from those operating 
in the other major ecological zones. Wetlands and uplands were the two major types of terrestrial habitat 
and ecosystems. In the boreal forest, large wildfires are the dominant natural ecosystem driver in 
uplands. Groundwater, surface water and water nutrient regimes are typically the key drivers for most 
wetland types and among the driving factors in the remaining ones. The dominant drivers for inland 
wetlands (i.e., peatlands and treed swamps) are typically depth to groundwater and wildfire. In contrast, 
the dominant drivers in shoreline wetlands (i.e., shrub swamps, beaches, marshes and shallow water) are 
typically water regime parameters associated with water level fluctuations, water flows and wave action 
(Figure 6.3.1-2). Ice scouring can also be important on larger lakes and wider rivers. Figures 6.3.1-3 and 
6.3.1-4 illustrate the two alternative, complementary ways that shore zone versus inland habitat and 
wetlands versus uplands were classified. 

The shoreline ecosystems found along the large river systems were somewhat different from those 
situated on off-system waterbodies (i.e., waterbodies not hydrologically influenced by the river system of 
interest) ostensibly due to factors such as higher flows, larger catchment areas and a greater variety of 
ecological inputs. The potential ecological functions performed by large rivers are receiving increasing 
attention, particularly with respect to the effects of hydroelectric development (e.g., The 
Nature Conservancy 2009).  

Shoreline ecosystems were selected as a focal subcomponent of terrestrial habitat due to their distinct 
nature, their potential ecological importance and because their most influential drivers were different from 
those of inland ecosystems. The number of hydroelectric generating facilities in the RCEA ROI have 
altered large river shoreline ecosystems considerably, and serves as another reason for it to be an RSC 
subcomponent.  
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Source: ECOSTEM Ltd. 2013a 

Figure 6.3.1-1: Shore Zone Water Depth Duration Zones, Vegetation Bands and Wetland 
Classes in an Off-System Waterbody 
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Note: All of the shallow water zone substrate was exposed in this photo because the water level is very low. 
Source: ECOSTEM Ltd. 2013a 

Figure 6.3.1-2: Water Depth Duration Zones, Vegetation Bands and Wetland Classes in a Back 
Bay in the Gull Reach of the Nelson River when the Water Level was Very Low 
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Source: ECOSTEM Ltd. 2013a 

Figure 6.3.1-3: Hierarchical Relationships of Inland and Shore Zone Ecological Zones 

 

 
Source: ECOSTEM Ltd. 2013a 

Figure 6.3.1-4: Hierarchical Relationships of Upland and Wetland Ecological Zones 
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As corridors extending long distances through northern Manitoba, the continuous shore zones on the 
three large river systems may play substantively different or enhanced roles for the movements of 
material, nutrients and species. In addition to longitudinal flows, the shore zone can operate as a filter 
between the terrestrial and aquatic environments.  

In addition to the types of hydroelectric development effects previously identified for terrestrial habitat, 
ecosystem diversity and wetland function, potential effects on large river shoreline ecosystems included:  
• Loss, alteration or removal of plant species or habitat types found much less frequently elsewhere in 

the terrestrial regions (e.g., floodplains). 

• Altered nutrient, surface water, groundwater and sediment transfer from inland areas to waterbodies.  
o Some of the hydroelectric development factors that may produce this effect are changes to 

vegetation and ecosite conditions in the shore zone (e.g., removal of riparian peatlands).  

• Altered dispersal of plants with floating seeds. 
o Some of the hydroelectric development factors that may produce this effect are dams, altered 

river flows or the conversion of reaches from riverine to lacustrine hydrology.  

• Redistribution of other materials across regions. 

• Loss of habitat that plays an important role in supporting wildlife. This potential effect is evaluated in 
the wildlife chapters. 

6.3.1.2 Pathways of Effects 
Aspects of hydroelectric development relevant for the RCEA terrestrial habitat cumulative effects 
assessment included: 

• physical features or conditions that directly removed or altered terrestrial habitat and/or ecosystems, 
including effects on wildlife and/or their habitat (e.g., reservoir flooding, vegetation clearing on 
transmission line rights-of-way); 

• physical features or conditions that indirectly removed or altered terrestrial habitat and/or ecosystems 
(e.g., soil permafrost melting where vegetation was cleared, peatland disintegration in flooded areas), 
including effects on wildlife and/or their habitat; 

• physical features or conditions that altered driving factors for terrestrial ecosystems (e.g., altered 
water regimes, increased shoreline erosion due to higher water levels or altered water regimes). 

• physical features or conditions that disturbed wildlife and/or caused them to avoid habitat they would 
otherwise use (e.g., construction noise, heavy accumulations of shoreline debris);  

• improved access, which could increase disturbance, mortality or resource harvesting;  
• physical features or conditions that increased the risk that diseases or invasive species were 

introduced or proliferated (e.g., vehicles and footwear transporting invasive plant seeds from the 
south); and 

• physical features or conditions that altered other ecological flows (e.g., road alters groundwater 
hydrology, which changes soil and vegetation type). 

Direct effects resulting from these impacts included the temporary or permanent loss, alteration or 
disturbance of terrestrial habitat and ecosystems within the physical footprints. Terrestrial habitat loss 
refers to the conversion of terrestrial habitat into human features or water too deep to be terrestrial 
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habitat. Habitat alteration refers to changes in one or more habitat attributes that were large enough to 
convert a habitat patch to a different habitat type. Lesser changes in one or more habitat attributes were 
habitat disturbance. Examples of habitat disturbance were selective tree removal for firewood or narrow 
machine trails through a habitat patch.  

Direct effects created indirect effects, both within the hydroelectric development footprints and in some 
nearby areas. That is, a hydroelectric development impact typically had a zone of influence surrounding 
its physical footprint. A particular indirect effect may have been several stages removed from the direct 
effect. For example, clearing trees on permafrost soils generally led to higher soil temperatures, both 
within the cleared area and in adjacent areas. Vegetation clearing that created large openings on treed 
peatlands with thick ground ice generally led to permafrost melting, followed by collapse of the soil 
surface to form craters, and then leading to development of very wet peatland habitat or open water in the 
craters.  

In general, interactions between the particular hydroelectric development impact, the ecosystem 
component of interest and local conditions determined the spatial extent and nature of the indirect zone of 
influence around a hydroelectric development impact. Indirect hydroelectric development effects on 
vegetation, soils, wildlife, and key ecological flows were expected to generally decline with distance from 
the impact (see Section 6.3.1.6.3 for details).  

Improved access was another important pathway for indirect hydroelectric development effects on 
terrestrial habitat in some locations. Improved access brought more traffic, material 
(e.g., chemicals, containers, gravel) and/or people into an area, which created the potential for increased 
resource harvesting, human-caused fires or the spreading of invasive species, among other things. 

In summary, the main potential indirect hydroelectric development effects considered in the terrestrial 
habitat and ecosystems assessment, to the extent feasible given available information, were: 
• changes to soil drainage and moisture; 

• soil warming and permafrost melting; 
• changes to soil quantity and quality; 

• tree blowdown around clearings; 
• edge effects on vegetation and soils around clearings and compacted areas; 

• physical disturbance of plants, vegetation, soils and other environmental components of habitat; 

• habitat loss and alteration; 
• crowding out of native plants by non-native, invasive species; 

• changes to ecosystem and plant diversity; 
• changes to primary productivity and carbon storage;  

• increased plant harvesting and woody material removal; 
• alterations to the fire regime; and 

• changes to wetland quantity and quality. 

Figure 6.3.1-5 illustrates the primary pathways from hydroelectric development impacts to effects on 
terrestrial habitat. 
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Figure 6.3.1-5: Pathways of Effect for Hydroelectric Development on Terrestrial Habitat  
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6.3.1.3 Indicators and Metrics 
Response and driver indicators were the two indicator categories used for the terrestrial habitat RCEA. 
Response indicators directly evaluated the status of terrestrial habitat or its focal subcomponents. Driver 
indicators either were a proxy for responses that were not feasible to measure for the RCEA or provided a 
good indication of future trends in the RSC status. Land, Introduction and Background, Section 6.1.2.3 
further describes the distinctions. 

Table 6.3.1-1 lists the key indicators and metrics identified for the terrestrial habitat RSC and its 
subcomponents. To illustrate the distinction between response and driver indicators using terrestrial 
habitat, native habitat and habitat composition are the response indicators while fire regime, water 
regime, ice regime, invasive species, climate and human development are the driver indicators. Some 
metrics were evaluated in qualitative terms given the time available. 

Two driver indicators merit highlighting due to their high and proximal (i.e., order in the sequence of 
indirect linkages) influence on terrestrial habitat. Fire regime was included as a driver indicator because it 
has been the keystone driver for terrestrial ecosystems over the past two centuries. Potential 
hydroelectric development effects on the fire regime arise from pathways that could change fire 
frequency, size and/or severity. Better access and more traffic and people could lead to a higher number 
of large and/or severe wildfires, increased fire severity or increased fire frequency, among other things. In 
extreme cases, a single accidental fire that is severe could alter wetland function by altering wetland 
composition, by either extirpating a habitat type or substantially reducing its abundance (by degrading site 
conditions and/or decimating the propagule bank). Additionally, hydroelectric development features such 
as a reservoir, windrowed debris or permanent access roads could alter fire behaviour. If such effects 
occur, they could alter vegetation, facilitate spreading invasive species and/or affect terrestrial ecosystem 
health. 

Human development directly and indirectly removed and altered terrestrial habitat. The improved access 
that accompanied hydroelectric development brought more equipment, material and/or people into an 
area, which potentially led to increased resource harvesting, invasive plant spread and human-caused 
fires, among other things. Invasive plants had the potential to crowd out native plant species and, in 
extreme cases, alter habitat composition and wetland function through changes to the amounts or 
locations of some native habitat types.  
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Table 6.3.1-1: Indicators and Metrics for the Terrestrial Habitat Regional Study Component 
(RSC) and Its Subcomponents 

RSC or RSC  
Subcomponent Indicator Metric 

Terrestrial Habitat 

Native habitat Percentage of historical terrestrial habitat area in the terrestrial 
region that is native habitat 

Habitat 
composition 

Area (ha) of each habitat type 
Age class structure 
Size and spatial distribution by habitat type 

Fire regime Average annual area burned 
Fire size distribution 

Human 
development 

Area (ha) of human footprint and/or proportion of region that is 
human footprint, by footprint type 

Ecosystem 
Diversity 

Priority habitat 
types 

Number of native habitat types extirpated 
Area (ha) of each priority habitat type 
Size and spatial distribution by habitat type 

Wetland Function Wetland quality 
Area (ha) of each wetland type rated according to typical 
functions and wetland condition (does not include large river 
shoreline wetlands) 

Shoreline 
Ecosystems 

Shore zone 
habitat 
composition 

Length (km) of each shore zone and offshore habitat type, with 
emphasis on priority types (e.g., marsh, beach meadow, 
floodplain)  
Length (km) of shoreline with a tall shrub band, by width  
Bank stability 
Inland habitat type 

Human 
alteration 

Waterbody morphology 
Dominant flow and fetch 
Bank and beach zone characteristics  
Percentage of shoreline length altered 
Percentage of shoreline length in human features, by type 
Length (km) of shoreline with debris accumulation, by type 

 

  



REGIONAL CUMULATIVE EFFECTS ASSESSMENT – PHASE II 
LAND – TERRESTRIAL HABITAT 

DECEMBER 2015 6.3-12 

6.3.1.4 Benchmarks 
As described in the Land Introduction and Background, Section 6.1.2.4, benchmarks for some terrestrial 
indicators and metrics are not readily available in the literature. In such cases, the benchmarks that have 
been applied were taken from relevant literature or methods used previously elsewhere, and are 
precautionary in nature. 

Table 6.3.1-2 provides benchmark ranges for the magnitude of adverse cumulative effects for selected 
terrestrial habitat metrics. These ranges were used in recent environmental assessments of the Keeyask 
Generation and Transmission Projects.  
 

Table 6.3.1-2: Benchmark Ranges for Magnitude of Adverse Cumulative Effects for Selected 
Terrestrial Habitat Metrics. 

RSC 1 
Subcomponent Indicator Metric 

Magnitude Range 

Low Moderate High 

Terrestrial 
Habitat 

Native habitat 
Proportion of native habitat that has 
been affected in the terrestrial 
region 

0-1 >1-10 > 10 

Human 
development 

Proportion of terrestrial region that 
is a human infrastructure footprint 0-1 >1-10 > 10 

Ecosystem 
Diversity Priority habitat 

Number of native habitat types 
extirpated 0 0 1 

Proportion of the type that has 
been affected in the terrestrial 
region 

0-1 >1-10 > 10 

Wetland Function Wetland quality 

Number of globally, nationally or 
provincially significant types 
affected 

0 0 1 

Number of high quality types 
extirpated 0 0 1 

Proportion of moderate quality 
wetland type that has been affected 
in the terrestrial region 

0-1 >1-10 > 10 

Shoreline 
Ecosystems 

Shore zone 
habitat 
composition 

Proportion of native habitat type 
that has been affected in the 
terrestrial region 

0-1 >1-10 > 10 

1. Regional Study Component. 
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6.3.1.5 Approach and Methods 
The overall approach to assessing the effects of hydroelectric development on terrestrial habitat within 
the RCEA terrestrial regions was to collect the available data, develop a considerable amount of new data 
from existing information, analyze the information for each selected indicator and its associated metrics, 
and present the cumulative effects assessments using relevant periods.  

Very few terrestrial habitat data were available at the start of the RCEA. Therefore, terrestrial habitat data 
sets were produced from existing remote sensing (i.e., information about objects or areas obtaining from 
a distance, typically from aircraft or satellites [e.g., aerial photographs, satellite imagery]) before primary 
analysis could be completed. This was very different from the approach for most other RSCs, as their 
cumulative effects assessments were based on existing data and reports. Details relating to the creation 
of terrestrial habitat data are provided below. 

Where feasible, the terrestrial habitat cumulative effects analysis generally examined the following three 
development periods: 
• pre-development period: the decades immediately prior to the start of all relatively permanent human 

infrastructure development; 
• pre-hydroelectric development period: the years from the construction start of the first relatively 

permanent human infrastructure to the just before when construction of the first hydroelectric 
development started; and 

• hydroelectric development period: the year when construction of the first hydroelectric development 
began to approximately 2013.  

The start dates for each human infrastructure development period varied by terrestrial region. “Existing 
environment” refers to conditions in 2013 or, where available information was limiting, the year closest to 
2013 with suitable data. 

As described in the Land Introduction and Background, Section 6.1.2.2, ecological regions were the 
appropriate ecosystem level to evaluate the ecological significance of cumulative effects on terrestrial 
habitat. Ecologically based terrestrial regions were identified, and those that overlapped hydroelectric 
development in the RCEA ROI were included in the RCEA.  

While being ecologically appropriate, the regional approach to evaluating the importance of cumulative 
effects can appear to diminish the importance of some local effects. Therefore, the RSC assessment 
includes an evaluation of areas where hydroelectric development impacts were concentrated, such as 
along the large river systems.  

6.3.1.5.1 Terrestrial Habitat  

HABITAT CLASSIFICATIONS 

Ecologically relevant stand level hierarchical habitat and ecological land classifications were used 
throughout the terrestrial habitat and ecosystems assessment to provide a consistent framework for 
characterizing terrestrial ecosystems and habitat. As noted in Section 6.3.1, terrestrial habitat was of 
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interest in its own right, and served as a proxy for the pattern, structure and function of terrestrial 
ecosystems. 

Regardless of whether it was a wetland or an upland, the attributes used to classify and map terrestrial 
habitat were vegetation type and ecosite type. Ecosite type is a classification of soil, surficial material, 
surface water, groundwater and permafrost conditions that are associated with substantial differences in 
vegetation composition and/or structure. Shore zone mapping also included water depth duration zone, 
which essentially refers to the typical range of water depths in the vegetation band (Figure 6.3.1-2), where 
water depth refers to either surface water or ground water as appropriate. Additional mapped attributes 
varied with the data set (e.g., topographic position, recent disturbance type [e.g., large fires, ice 
scouring]), as described below.  

Wetland habitat classes were derived from the Canadian Wetland Classification System 
(National Wetlands Working Group 1997), with enhancements to reflect dramatic deviations from natural 
water regimes found on the regulated system. The Canadian Wetland Classification System broadly 
classifies wetlands into bog, fen, swamp, marsh and shallow open water. Bogs, fens and some swamps 
are peatlands. Wetlands from all five wetland classes occur in the terrestrial regions.  

Wetland classes were subdivided into wetland forms based on surface morphology, surface pattern, 
water type and underlying mineral substrate morphology. Because hydrology is a key driver for the 
development of these attributes, the type of hydrological connection was used to classify wetland form. 
Although all inland wetlands were either peatland or swamp, some peatland types were also found in 
shoreline wetlands. 

The hierarchical habitat classifications were developed using a combination of: results from multivariate 
analyses of vegetation, soils and environmental data that were completed for environmental impact 
assessments in the RCEA ROI; professional judgement developed through extensive field experience in 
Manitoba boreal ecosystems; professional judgement developed through remote sensing-based 
characterization of boreal ecosystems of Manitoba and the global boreal biome; and, relevant literature.  

REGIONAL AND OVERALL RCEA TERRESTRIAL MAPPING 

An overall RCEA terrestrial mapping area was initially delineated as the 19,830,000 ha (198,300 km2) 
extent of the 17 terrestrial regions included in the RCEA. This was subsequently expanded to include the 
portions of the wildlife Regional Assessment Areas that extended outside of the terrestrial regions. 
Addition of these areas increased the size of the overall RCEA terrestrial mapping area from 
19,830,000 ha to approximately 58,500,000 ha (585,000 km2). 

Consolidated terrestrial habitat and environmental factor spatial data sets were created to the extent 
feasible for the overall RCEA terrestrial mapping area. Terrestrial habitat mapping was of greatest interest 
since this data set was used to measure changes in the RSC response indicators. The mapping pursued 
the highest detail reasonable given available information, the time to complete the RCEA and the 
potential degree of hydroelectric development effects (regional cumulative effects were low for some 
elements in some terrestrial regions due to the limited amount of native habitat loss and high intactness).  
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Detailed Terrestrial Habitat Mapping  

Detailed terrestrial habitat mapping was produced for areas where large-scale vegetation and soils data 
or existing suitable habitat mapping were available. To produce the detailed terrestrial habitat data set, a 
combination of habitat data sets created for recent hydroelectric generation project environmental 
assessments were consolidated with forest inventories into a single data set. Detailed habitat data sets 
created for recent hydroelectric generation project EISs were used where available and forest inventories 
elsewhere. The attributes in classes from all of the data sets were interpreted into relatively consistent 
attributes and classes for the consolidated data set. This generally meant that the data set with the least 
detail determined the level of detail for the RCEA consolidated data set. As shown in Map 6.3.1-1, 
detailed terrestrial habitat mapping fully covered eight of the 17 terrestrial regions and portions of five 
other regions (Map 6.3.1-1).  

A consequence of using only existing data sets for the detailed regional mapping was that various data 
sources were included in the consolidated data set, and often different ones for the same terrestrial 
region. The lack of consistent large-scale mapping for all of the terrestrial regions necessitated this 
approach. Although not ideal, it was not feasible to attempt to produce a consistent product by 
photointerpreting aerial photographs for the vast area involved. 

To the extent feasible, forest inventory data were classified into the detailed vegetation and ecosite types 
used in the environmental assessment data sets. This was accomplished using a combination of: results 
from the multivariate analyses of vegetation, soils and environmental data that were completed for 
environmental impact assessments in the RCEA ROI; professional judgement developed through 
extensive field experience in Manitoba boreal ecosystems; professional judgement developed through 
remote sensing-based characterization of boreal ecosystems of Manitoba and the global boreal biome; 
and, relevant literature.  

From most general to most detailed, the hierarchical levels in the stand level habitat classifications were 
land cover type, coarse habitat type and broad habitat type. The categories within each classification level 
were combinations of vegetation type and ecosite type. The information available for the RCEA did not 
support the more detailed fine habitat level included in the environmental impact assessments for some 
recent hydroelectric developments. As well, given that some of the older forest inventories were 
developed with a commercial forestry focus, the data only supported ecosite classes that were much 
coarser than in the environmental assessment data. Less detailed information on wetland class and form 
also affected the number and nature of habitat classes that could be developed. The environmental 
assessment habitat classes were then generalized to the maximum consistent detail obtainable from the 
variety of forest inventories using a limited effort to achieve the standardization.  

While year of origin and stand age were attributes in the data set, they were not used to create habitat 
classes. In most of the boreal biome, frequent large wildfires create a shifting mosaic of stand ages. In 
this context and with a view to evaluating habitat composition over the long-term, stand age was not a 
classification factor. 

Given the variety of data sources, the scale of the mapping in the consolidated data set ranges from 
approximately 1:15,000 to 1:20,000. Table 6.3.1-3 provides the attributes included in the detailed regional 
terrestrial habitat mapping. Appendix 6.3A describes the classes used for each attribute. 
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Table 6.3.1-3: Attributes Included in the Detailed Regional Terrestrial Habitat Mapping 

Attribute Name Description Example Values 

Land Cover 
Coarsest class in hierarchical ecological land 
classification. Generally a combination of 
Vegetation Class and Land Type for inland habitat. 

Needleleaf treed on other 
peatlands; 
Nelson River shore zone 

Coarse Habitat 
Second-coarsest class in hierarchical habitat 
classification. Identifies dominant conifer tree 
species; combination with ecosite types. 

Black spruce (Picea 
mariana) treed on shallow 
peatland; 
Nelson River shrub and/or 
low vegetation on upper 
beach 

Broad Habitat 

Second-finest class in hierarchical habitat 
classification. Priority habitat identified at this level. 
Identifies all dominant tree species and their degree 
of mixture in combination with ecosite. 

Black spruce mixture on 
ground ice peatland; 
Tall shrub on upper beach- 
regulated 

Fine Habitat 

Finest class in hierarchical habitat classification. 
Identifies all dominant tree species and their degree 
of mixture and tall shrub layer if present. Generally 
a combination of Vegetation Broad and Ecosite 
Broad. 

Black spruce mixture/Tall 
shrub on wet peatland; 
Emergent on sunken peat 

Vegetation Structure 
Current vegetation structure type: The growth form 
of the highest vegetation layer having at least 25% 
total cover. 

See Table 6.3A-1 1 

Vegetation Broad Second-coarsest classification of vegetation type 
Black spruce pure; 
Trembling aspen (Populus 
tremuloides) mixture 

Vegetation Class Coarsest classification of vegetation type Needleleaf treed 

Leaf Needleleaf or broadleaf  

Ecosite Coarse Name of coarse ecosite type See Table 6.3A-2 

Ecosite Broad Broad ecosite type name. More general than coarse 
ecosite type for inland habitat. See Table 6.3A-2 

Land Type Land type. The most general ecosite type 
classification. See Table 6.3A-2 

Year Origin Year of stand replacing disturbance  

Age At 2014 Vegetation age in 2014. Age in years 

FRIFLI If data source is forest inventory, whether data 
come from the FRI or FLI system  

Year Photo Year that aerial photographs used for 
photointerpretation were acquired  

1. Tables, figures and maps with a letter in their number (e.g., A) can be found in the appendices for this chapter. 
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Very Coarse Terrestrial Habitat Mapping  

For those portions of the overall RCEA terrestrial mapping area where detailed terrestrial habitat mapping 
was not available, a very coarse habitat map was derived by enhancing a publicly available classification 
of satellite imagery. Given the enormous size of the overall RCEA terrestrial mapping area 
(58,500,000 ha), this was deemed the only practical approach to complete the exercise. 

The Land Cover Map of Canada 2005 (Canada Centre for Remote Sensing 2008) was the source 
satellite imagery classification data set used to derive the coarse land cover map for the overall RCEA 
terrestrial mapping area. This source data set was produced by Canadian Center for Remote Sensing 
from 250 m spatial resolution MODIS Level 1B data processed into Level 3 ten-day composites and then 
classified into 39 land cover classes (additional information regarding the source data set can be found at 
the Natural Resources Canada website [see Section 6.3.9, Canada Centre for Remote Sensing 2008]). 
The Land Cover Map of Canada 2005 was selected from among the available satellite classifications 
based on accuracy relative to available detailed terrestrial habitat mapping for northern Manitoba and 
consistency with small-scale environmental factor data sets (e.g., Soil Landscapes of Canada [SLC]).  

The Land Cover Map of Canada 2005 classes were very coarse and overlapping. Additionally, these 
classes applied to all of Canada, which is a considerably larger and more diverse geography than the 
RCEA ROI. Therefore, each of the Land Cover Map of Canada 2005 classes was reinterpreted for the 
overall RCEA terrestrial mapping area using the detailed terrestrial habitat data set and publically 
available hydrography, surface materials, geology, climate, permafrost and biophysical land classification 
data sets. As the resulting coarse habitat classes were still very coarse and overlapping, they provided a 
generalized characterization for the entire overall RCEA terrestrial mapping area as well as estimates for 
the relative amounts of on-system versus off-system area for various habitat types vis-à-vis the entire 
region or the combined regions overlapping the RCEA ROI. Table 6.3A-31 lists and describes the 
attributes included in the satellite-based habitat mapping.  

The interpreted raster data set was vectorized and clipped to the overall RCEA terrestrial mapping area. 
Map 6.3.1-1 shows the areas where the satellite-based very coarse mapping was used for the land 
component of the RCEA. 

Habitat Composition of Flooded Area, Dewatered Area and Other Human Footprints 

The terrestrial habitat composition of areas that were flooded or dewatered by hydroelectric development 
was mapped from large-scale historical aerial photographs where feasible. Factors that limited the total 
area mapped were historical aerial photograph availability and time available to conduct the RCEA. 

The terrestrial habitat composition of other human footprints was treated as follows. It was impossible to 
map the terrestrial habitat composition of all human footprints due to lack of available historical aerial 
photographs and the time available to complete the RCEA (mapping pre-hydroelectric development 
habitat composition in the limited areas with suitable historical aerial photographs would be extremely 
time consuming). An intermediate approach using the composition of buffered was not feasible in the time 

                                                      

1 Tables, figures and maps with a letter in their number (e.g., A) can be found in the appendices for this chapter. 
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available. Therefore, the following assumptions were made. Since human features such as roads, borrow 
areas and settlements were preferentially located on upland mineral sites, it was assumed that the 
terrestrial habitat composition of these areas had a higher proportion of mineral habitat types compared to 
the rest of the terrestrial region. It was also assumed that the terrestrial habitat composition of 
transmission line and railway line footprints were roughly similar to the rest of the terrestrial region since 
these features types were not preferentially located on uplands given their tendency for long, straight-line 
segments.  

DATA ANALYSIS 

As noted above, total native habitat and terrestrial habitat composition were the generic indicators for 
terrestrial habitat. Total native terrestrial habitat and terrestrial habitat composition metrics (Table 6.3.1-1) 
were measured directly from the terrestrial habitat mapping. 

As a precautionary element of the terrestrial habitat cumulative effects assessment, it was assumed that 
all native terrestrial habitat within human feature footprints was lost up to 2013. This approach 
overestimated hydroelectric development effects. 

The terrestrial habitat assessment assumed that pre-development terrestrial habitat composition was 
virtually identical to the existing environment habitat composition for the areas outside of the human 
footprints. This was considered reasonable since the total human footprint size was less than 4% of 
regional land area in every terrestrial region and less than 1% in 10 of the 17 terrestrial regions 
(Intactness, Section 6.2.8.2). This assumption addressed the impossibility of mapping pre-development 
habitat composition given the limited availability of pre-development aerial photographs and the 
enormous time required to do so where suitable photos were available.  

The assumption that pre-development and environment habitat terrestrial habitat composition were 
virtually identical also implicitly assumed that if the terrestrial habitat encompassed within the human 
footprints was incorporated into the calculations, this would not substantively change the reported 
pre-development habitat composition percentages, which did not seem overly restrictive. If incorporated, 
the human footprint was too small to alter the reported habitat composition percentages for most if not all 
habitat types, and this would occur only to the degree that the terrestrial habitat composition of the human 
footprints was dramatically different from the rest of the terrestrial region. 

There were two primary limitations in assuming that pre-hydroelectric development and existing 
environment habitat composition were virtually the same. First, there likely were site-specific changes in 
habitat type between the pre-hydroelectric development and the existing environment states due to the 
natural temporal variation produced by factors such as fire frequency or severity. Therefore, while 
reported habitat composition percentages may be the same, the spatial location of some habitat types 
likely changed during the 50 or so years between the pre-hydroelectric development and existing 
environment states. 

Second, the cumulative effects assessment may miss some rare habitat types concentrated along the 
large river systems in the pre-hydroelectric development state that were subsequently lost. While this 
limitation was not substantive for reporting changes to the terrestrial habitat composition metrics, it could 
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be for the ecosystem diversity, wetland function and shoreline ecosystem assessments as their metrics 
include rarity to some degree. As described in Section 6.3.1.5.1, this limitation was mostly addressed by 
mapping the terrestrial habitat composition of flooded and dewatered areas (see previous subsection).  

As described in the Land Introduction and Background, Section 6.1.2.5 and in Section 6.3.1.2, some of 
the effects of hydroelectric development on terrestrial habitat were indirect. Studies conducted in the 
RCEA ROI (e.g., ECOSTEM Ltd. 2006, 2013a, 2013b) found that the nature and spatial extent of indirect 
hydroelectric development effects on terrestrial habitat ranged from not measurable to the conversion of 
land areas into water that was too deep to support terrestrial habitat. In all of these studies, the average 
distance of detectable indirect effects was less than 15 m. Indirect habitat effects occasionally extended 
farther than 50 m (e.g., in locations where the impact altered groundwater hydrology). Effects rarely 
extended more than 75 m. 

The terrestrial habitat cumulative effects assessment delineated the potential zone of indirect terrestrial 
habitat effects as a 25 m buffer of the impact areas. This buffer was larger than the expected 15 m 
average zone of influence to provide a precautionary estimate of the magnitude of indirect terrestrial 
habitat effects. With a 25 m buffer, the total area captured was much larger than the average anticipated 
distance of 5 to 15 m, depending on the impact type. The terrestrial habitat composition of areas within 
the zone of indirect effects was assumed similar to that of that within the directly affected areas they were 
surrounding. 

Improved access was another important pathway for indirect hydroelectric development effects on 
terrestrial habitat in some locations. Improved access brought more traffic, material 
(e.g., chemicals, containers, gravel) or people into an area, which created the potential for increased 
resource harvesting, human-caused fires or the spreading of invasive species, among other things. 

In summary, the main potential indirect hydroelectric development effects considered in the terrestrial 
habitat and ecosystems assessment, to the extent feasible given available information, were: 

• changes to soil drainage and moisture; 
• soil warming and permafrost melting; 

• changes to soil quantity and quality; 
• tree blowdown around clearings; 

• edge effects on vegetation and soils around clearings and compacted areas; 

• physical disturbance of vegetation, soils and other environmental components of habitat; 
• habitat loss and alteration; 

• crowding out of native plants by non-native invasive species; 
• changes to ecosystem and plant diversity; 

• changes to primary productivity and carbon storage;  
• increased plant harvesting and woody material removal; 

• alterations to the fire regime; and 

• changes to wetland quantity and quality. 
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6.3.1.5.2 Fire Regime  

FIRE HISTORY MAPPING 

Wildfire is the keystone natural driver for ecosystem patterns and dynamics in the boreal forest, including 
the RCEA ROI. To support fire regime and fire disturbance analyses for the terrestrial habitat and wildlife 
cumulative effects assessments, historical burn boundaries were mapped going back as far as possible 
from suitable available Landsat satellite imagery, aerial photography and government data.  

Landsat satellite imagery was the primary data source for historical burn mapping. Burn mapping 
interpreted from aerial photography was used where this had already been produced for recent 
environmental assessments. Fire history data sets produced by Manitoba Conservation and Water 
Stewardship (MCWS [2013]) and federal government agencies (Stocks et al. 2003) were used in several 
ways as described in the following paragraphs. 

With regard to using available fire history data from government sources, Parisien et al. (2004) note that 
the fire history data available to all Canadian provincial fire management agencies has many 
inaccuracies, particularly relating to missing fires (and this limitation becomes greater in sparsely 
populated northern areas). To address this limitation, Landsat imagery overlapping the overall RCEA 
terrestrial mapping area was searched for burns.  

For the RCEA fire history mapping, the overall RCEA terrestrial mapping area was subdivided into 
Landsat tiles. False-colour composites created from the bands that highlighted recently burned areas 
were produced for each Landsat tile for selected years, which generally were five year intervals starting in 
the early 1970s (start year and interval depended on suitable image availability). Searches in a Landsat 
tile started with the most recent year with a suitable composite, and then worked backwards through time. 
This temporal sequence was used because: burns were much easier to detect in Landsat 7 and 8 
imagery than in Landsat 1 to 5 imagery due to the higher number of available bands and the smaller pixel 
size; ancillary data to corroborate burn boundaries became less available going back in time; and, since 
recent burns “fade” going back in time, recent burn boundaries were used to verify possible burned areas 
in earlier composite images. 

Wherever a burn was detected in a Landsat composite image, the MCWS polygon boundaries were 
compared with those in the imagery (the federal data were used where provincial data appeared to have 
gaps (i.e., outside of the commercial forestry zone) and as a crosscheck). Polygons with reasonably 
similar boundaries were added to the RCEA fire history data set “as is”, while those that were sufficiently 
similar to serve as an efficient starting point were added and then modified as needed in the Geographic 
Information System (GIS). The remaining burns were heads-up digitized on the Landsat composite 
(or more recent image for some of the composites from the 1970s). Missing burns and skips 
(i.e., areas skipped over and left unburned) were added to the data set. The minimum mappable burn and 
skip size were each 200 ha. Burns were dated using a combination of stereophotos from multiple years 
and the government databases. 

Given the time available to conduct the RCEA, burn boundaries could not be verified to the same level of 
effort for the entire 58,500,000 ha overall RCEA terrestrial mapping area. Areas searched to the same 
higher level of effort as was used for the 17 terrestrial regions included all of the boreal woodland caribou 
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ranges and the portions of the coastal and barren-ground caribou Regional Assessment Areas that were 
adjacent to the terrestrial regions. 

The burn mapping level of effort for the remainder of the overall RCEA terrestrial mapping area was 
reduced in the following two ways. First, searches were limited to very large burns. Second, the time per 
unit area spent searching for burns and correcting erroneous polygon boundaries was lower. Using a 
lower burn mapping level of effort for portions of the overall RCEA terrestrial mapping area did not affect 
the terrestrial habitat assessment because all of the terrestrial regions were mapped using the higher 
level of effort.  

The RCEA fire history database captured the 1929–2013 period. The primary limitations of this database 
were that the total burned area and the completeness of the burn mapping decreased with time from 
present and in a northward direction. Burns were much easier to detect in Landsat 7 and 8 imagery than 
in Landsat 1 to 5 imagery (see above). A consequence of these limitations was that the burn data were 
unreliable and misleading for years prior to 1960 in the southern terrestrial regions and for years prior to 
1970 in the northern terrestrial regions (essentially the areas outside of the commercial forest zone). 
These limitations became more pronounced in the areas mapped using the lower level of effort. In fact, 
there were no recorded burns prior to 1960 in the eastern extension of the 58,500,000 ha overall RCEA 
terrestrial mapping area due to the mapping limitations.  

Another limitation of the fire history data set was that substantial portions of older burns were missing 
because they were hidden by more recent burns. In addition, areas that the fire skipped over often cannot 
be distinguished from the surrounding area in older burns. The first limitation underestimates total area 
burned while the second overestimates total area burned. 

The above-noted limitations were not considered serious for the terrestrial habitat cumulative effects 
assessment. The fire history data were primarily used to characterize the current age class structure of 
the terrestrial regions. A secondary use was to provide qualitative fire regime comparisons across the 
terrestrial regions and ecozones.  

ANALYSIS 

The average annual burn rate and fire cycle were calculated from the RCEA fire history database. The 
annual burn rate was the average area burned each year in the terrestrial region while the fire cycle was 
the inverse of the average annual burn rate. The fire history data were considered to be reasonably 
consistent back to 1970 for all terrestrial regions, and back to 1960 for the southern terrestrial regions. To 
provide consistent comparisons across the 17 terrestrial regions, all fire regime statistics used for 
terrestrial region comparisons were for the 44-year period from 1970–2013.  

6.3.1.5.3 Ecosystem Diversity 

Numerous metrics have been developed to measure stand and landscape level ecosystem diversity. 
Leitão et al. (2006) reviewed potential patch and landscape diversity metrics and reduced them to a core 
set that they expected would meet the typical needs of land use planning. The core set includes two 
composition metrics (patch richness and class area proportion) and eight configuration metrics 
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(e.g., patch number). The patch richness, class area proportion and patch number metrics can be 
represented by the number of broad habitat types, proportions of each habitat type and number of stands, 
depending on how these are measured by a particular study. 

For the priority habitat indicator, a broad habitat type was classified as being regionally rare if it comprised 
less than 1% of the total land area within a terrestrial region, regionally uncommon if it covered between 
1% and 10% of land area and regionally common if it covered more than 10% of land area. The terrestrial 
habitat types associated with ground ice ecosites were not considered when selecting priority habitat 
types because they were expected to disappear over time in the RCEA ROI even if there had been no 
human development. 

Ecosystem diversity metrics (Table 6.3.1-1) were measured directly from the terrestrial habitat mapping. 
The satellite-based coarse habitat mapping had limited usefulness for the ecosystem diversity, wetland 
function and shoreline ecosystems cumulative effects assessments because the classes were very 
coarse and overlapping.  

6.3.1.5.4 Wetland Function  

Two key factors in selecting an assessment approach to determine when wetland function is reduced to 
unacceptable levels are the regional context and the appropriate spatial scale at which to conduct the 
assessment. In areas where a high proportion of wetland area has already been lost, it was presumed 
that there had been substantial effects on wetland function without directly measuring the functions 
performed by those wetlands. In some regions of Canada, further wetland area loss should be avoided 
because wetland area losses have already been severe (Government of Canada 1991).  

Wetlands covered approximately 70% of the land area in the terrestrial regions that overlapped the RCEA 
ROI. For the RCEA, it was anticipated that some degree of area loss could be absorbed without 
adversely affecting wetland function since wetlands were abundant in the region and generally remained 
in a relatively pristine condition.  

The wetland function cumulative effects assessment focused on particularly important wetlands since the 
regions overlapping the RCEA ROI had extensive wetlands that were in a relatively pristine condition 
except along the regulated system. The particularly important wetlands were critical habitats 
(e.g., Ramsar sites, waterfowl staging areas identified by North American Waterfowl Management Plan) 
or regionally rare wetland types.  

Wetland quality was the indicator used to evaluate wetland function. Wetland quality was the anticipated 
degree to which a particular wetland type normally performs various wetland functions, modified by the 
degree to which these functions have been adversely affected by human development and activities. 

Wetland function indicator metrics (Table 6.3.1-1) included the total area of each wetland type ranked 
according to wetland quality. The overall wetland quality score for each wetland type on a per hectare 
basis was assigned using relevant wetland literature and wetland data collected in the RCEA ROI. See 
the Keeyask Generation Project (GP) terrestrial assessment for details (Keeyask Hydropower Limited 
Partnership [KHLP] 2012).  
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6.3.1.5.5 Shoreline Ecosystems  

Data development and analysis for the shoreline ecosystems RSC subcomponent focussed on 
quantifying how hydroelectric development changed key terrestrial attributes on the large river systems. 
Of the potential effects of hydroelectric development on large river shoreline ecosystems identified in 
Section 6.3.1.1.3, the following could not be quantitatively evaluated using information available for the 
RCEA: 
• altered dispersal of plants with floating seeds due to dams, altered river flows or the conversion of 

reaches from riverine to lacustrine environments;  
• changes to vegetation and ecosite conditions inland of the shoreline due to altered nutrient, surface 

water, groundwater and sediment transfer from inland areas to waterbodies; and  
• effects of improved access on shore zone plant harvesting.  

SHORE ZONE MAPPING 

At the start of the RCEA, the only shore zone information available for major reaches of the large river 
systems was the mapping done for recent environmental assessments and by the Lake Winnipeg, 
Churchill and Nelson Rivers Study Board (LWCNRSB) Physical Impact Study report (LWCNRSB 1975). 
Recent environmental assessment mapping covered a small proportion of the entire regulated system. 
The Physical Impact Study mapping had the following limitations for the RCEA: generally did not include 
islands or the more distal reaches of the ultimately affected waterbodies; was limited to approximately 
60% of the pre-hydroelectric development shoreline; did not include all of the minimum attributes needed 
for the RCEA; all of the approximately 14,500 km of mapped shoreline was classified into one of only 
16 shore types; the 16 shore types represented typical combinations of bank, beach, overburden and 
vegetation attributes; and there was no post-hydroelectric development mapping.  

To provide consistent pre- and post-hydroelectric development data for the minimum suite of attributes 
needed for the shoreline ecosystems assessment, 1:15,000 scale shore zone mapping was created for 
the large river systems affected by hydroelectric development in the RCEA ROI. The three states of most 
interest when characterizing and understanding changes due to hydroelectric development were shortly 
before hydroelectric development started (cumulative effects baseline state), shortly after the start of 
hydroelectric development (initial effects and conditions that shaped subsequent ecosystem responses), 
and the existing environment (degree and nature of cumulative change from baseline state).  

The regulated system refers to all waterbodies affected by flooding, water regulation and other 
hydroelectric development features that altered water and ice regimes. That is, the large rivers included in 
the RCEA were unregulated during the pre-hydroelectric development period. 

The same spatial extent was used for the pre-hydroelectric development and the existing environment 
mapping to provide a geographically consistent evaluation of waterbody (i.e., lakes, ponds, rivers, 
streams, creeks) change due to hydroelectric development. For the existing environment, this approach 
included all waterbodies potentially affected by hydroelectric development as identified by the approach 
described above. That is, all waterbodies that experienced flooding, dewatering, altered water regimes, 
altered ice regimes or shoreline recession due to hydroelectric development.  
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For the existing environment, the extent of hydrological connection going from the large river to 
connected tributaries and waterbodies could not be readily defined from available information 
(i.e., difficult to determine how far upstream the large river influenced the tributary). The tasks that might 
be undertaken to make this determination (e.g., photointerpreting the normal high water line, 
orthorectifying aerial photos, and digital elevation analysis) were not feasible in the time available. Given 
the challenges in identifying the extent of hydrological connection going from the large river to connected 
tributaries and waterbodies, a precautionary approach was adopted whereby the waterbody boundaries 
included for the existing environment state extended well upstream of the obvious hydrological zone of 
influence. 

In all of the development states, an on-system waterbody technically included the large rivers included in 
the RCEA, as well as any connected waterbody that had a substantive hydrological connection going 
from the large river to the waterbody (e.g., backwater effect). Conversely, an off-system waterbody 
technically included any waterbody that did not have a substantive hydrological connection going from the 
large river system to the waterbody.  

Since the spatial extent of hydroelectric development effects in the existing environment identified the 
included waterbodies, there were no off-system waterbodies in the existing environment data.  

For the pre-hydroelectric development and initial post-hydroelectric development states, whether or not a 
waterbody was off-system was easily determined for waterbodies with no surface water connection to the 
large river. Examples of this included lakes and ponds with no waterway connecting them to a large river 
but would ultimately be flooded by the Churchill River Diversion (CRD) or Lake Winnipeg Regulation 
(LWR). Given the challenges described above, the off-system attribute in the pre- and initial 
post-hydroelectric development data sets simply flagged isolated waterbodies.  

The source data sets for pre-hydroelectric development and existing environment waterbodies primarily 
came from what is commonly known as the National Topographic Survey (NTS) mapping. More precise 
shoreline mapping created for recent environmental assessments was used where available 
(typically, 1:15,000 scale). The NTS waterbody data were at 1:50,000 scale except for the lowest reaches 
of the Nelson River where only 1:250,000 NTS mapping was available for pre-hydroelectric development. 

The alignment of pre-hydroelectric development waterbody polygons with their true ground positions was 
poor in some reaches given the limitations of the methods used to produce older GIS data. As an 
example from a flooded area, the western third of a pre-hydroelectric development waterbody was 
outside of the existing environment polygon while the eastern portion of the same polygon was shifted 
much farther west than its proper position. Additionally, the shapes of waterbody polygons were often 
distorted as well as being shifted. These georectification errors were problematic for identifying terrestrial 
habitat areas that had been affected by hydroelectric development or where shoreline effects had 
occurred.  

To address the reaches where alignment issues could substantively influence the identification of broad 
areas where terrestrial habitat was flooded or altered, pre-hydroelectric development waterbody polygons 
were georectified to the corresponding existing environment polygons. Georectification was only 
completed for NTS tiles where there was poor alignment throughout the tile. As a component of this work, 
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existing environment polygons with poor alignment with recent high-resolution digital orthorectified 
imagery were also georectified. The reaches where waterbody polygons were georectified included the 
upper Nelson River, Split Lake, the lowest reaches of the Nelson River and the lowest reaches of the 
lower Churchill River.  

Waterbody polygons were needed for all river system reaches to: transfer the shore zone data interpreted 
from historical aerial photographs into a GIS; provide continuous river systems for ecological analysis; 
provide rough approximations for the amounts of terrestrial habitat that were flooded or altered, and 
provide rough approximations for the changes to shoreline length and associated shore zone attributes 
on the affected large river systems. However, some reaches were lacking pre-hydroelectric development 
waterbody mapping. National Topographic Survey mapping was lacking either because the paper maps 
had not be converted into a GIS format or because the first NTS map was produced after the start of 
hydroelectric development. Existing environment waterbody polygons were used for reaches lacking 
pre-hydroelectric development waterbody data in GIS format since these polygons were the best 
available approximation for the pre-hydroelectric development state. This explains why results in 
Intactness, Chapter 6.2 and here in this chapter do not identify any land area or shoreline length change 
due hydroelectric development for some reaches. To accurately identify terrestrial loss and alteration due 
to flooding and shoreline recession, the normal high water mark would have to be interpreted from 
pre-hydroelectric development aerial photographs and recent remote sensing and orthorectified as 
needed. 

The flooded areas, dewatered areas and shoreline length changes reported in Intactness, Chapter 6.2 
and here in this chapter were rough estimates for the purposes of the shoreline ecosystems assessment, 
and the associated maps illustrate the broad locations where change occurred. This was the case 
because several different data sources and approximations were used to create the consolidated large 
river system waterbody data sets. Maps produced using this approach will show some flooded or 
dewatered areas that did not actually occur and vice versa. Since these situations were artifacts of the 
necessity to produce GIS-based information, the maps or reported flooded areas in Intactness, Chapter 
6.2 and here in this chapter will differ somewhat from those found in Water Regime, Chapter 4.3 or in the 
official reporting of hydroelectric flooding. 

The steps taken to create the regulated system shore zone data sets were: convert the waterbody 
polygons to polylines; interpret the desired shore zone attributes from the remote sensing 
(e.g., aerial photographs, high-resolution digital orthorectified imagery); split the polyline wherever an 
attribute changed to a different class; and, transfer the information from the remote sensing to the 
relevant shoreline data set at a mapping scale of 1:15,000.  

The large river systems were subdivided into waterbodies for use in the shoreline ecosystems 
assessment. Maps 6.3C-1 to 6.3C-3 show the subdivision of the three large river systems into 
waterbodies. 

Waterbody limits used to subdivide the river system for the shoreline ecosystem assessment may differ 
from some of those found in the Physical Environment and Water sections because the assessments 
were conducted in parallel and because slightly different waterbody polygons were used in some 
reaches. 
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Conditions prior to and shortly after the start of hydroelectric development were mapped from historical 
aerial photographs acquired at a scale of 1:35,000 or less, with most being at 1:20,000 or larger. The 
number of attributes that could be reliably mapped declined at photo scales smaller than 1:20,000.  

Existing environment shore zone attributes were mapped from high-resolution digital orthorectified 
imagery (delivered image resolution ranging from 10–100 cm). Very high-resolution satellite imagery 
provided by Bing® or Google Earth® was used where digital orthorectified imagery was not available. 

The total length of the large river system shoreline ranged from approximately 24,000 km to 27,000 km, 
depending on the state, which meant that the three states of greatest interest for cumulative effects 
assessment included roughly 75,000 km of shoreline. The regulated system shore zone in each state was 
mapped to the extent feasible given available remote sensing and time to complete the RCEA.  

Suitable remote sensing was not available for all of the affected shoreline for any of the three states of 
most interest for the RCEA. Even when only considering reaches with suitable remote sensing, it was not 
possible to interpret and produce GIS-based mapping for all of the shoreline in the time available to 
conduct the RCEA. This constraint was addressed in several ways. First, the initial post-hydroelectric 
development state was excluded except for reaches where suitable pre-hydroelectric development 
remote sensing was lacking. Second, the reaches included in the mapping were generally limited to those 
having both pre-hydroelectric development and existing environment remote sensing. An exception was 
reaches that may have been highly affected and for which there was either little to no available 
information regarding shoreline ecosystems. Additionally, some preference was given to pre-hydroelectric 
development since the basis for generalizing hydroelectric development effects in the existing 
environment was less challenging (given the greater availability of supporting information) than for 
estimating what was there before hydroelectric development.  

As an additional means of maximizing the proportion of shoreline mapped to useful standards, the shore 
zone mapping methods shifted from more detailed and time consuming to coarser and more rapid. As an 
element of this, the approach shifted from splitting the shoreline into small segments to typing longer 
shore segments as mixtures of two types. Mixture typing required less time to scrutinize, make a decision 
and then perform the required GIS operations. This methods shift was the primary reason that some 
mixture types for each of the shore zone wetland attributes either only appeared or become more 
abundant in the existing environment mapping. Even for the reaches with mixture typing, there was still 
greater segmentation of the shoreline than provided by the LWCNRSB Physical Impact Study mapping 
(Physical Impact Study mapping inherently was mostly mixture typing due to classifying all shore 
segments into one of 16 typical types). 

In some reaches or shore segments, the classification of an attribute could not be determined from the 
remote sensing due to factors such as: cloud cover; heavy shadows; poor quality image or photograph; 
photograph scale smaller than typical or coarser pixel size; or, unusually high water levels. Some 
attributes could not be interpreted at all in reaches where 1:35,000 aerial photography was the largest 
scale available. These factors explain why the percentage of shoreline classified varied for each attribute, 
and why this document usually indicates the percentage of shoreline classified for the attribute when 
reporting results.  
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As with any mapping, there is an inherent mapping error related to factors such as remote sensing 
resolution, remote sensing quality and the accurate alignment of GIS data relative to their true ground 
positions. For the shore zone mapping, it was estimated using professional judgement that absolute 
percentage changes of 5% or less when comparing pre- versus post-hydroelectric development values 
were likely within the mapping error limit. It is noted that changes less than 5% should not be ignored 
since the spatial distribution of the classified types can change considerably even when total length is 
unchanged. 

Using the above approach, roughly 30,000 km of shoreline was mapped for one or more of the key shore 
zone attributes by the end of the RCEA. The total mapped shoreline length included a higher proportion 
of pre-hydroelectric development shoreline. Table 6.3.1-4 provides the 25 key shore zone attributes 
interpreted from remote sensing and other information. Appendix 6.3A describes the classes typed for 
each attribute. Where available, shore type from the LWCNRSB Physical Impact Study report 
(LWCNRSB 1975) was also added to the pre-hydroelectric development data set. Photos 6.3.1-1 to 
6.3.1-9 provide examples for selected bank material, shore zone wetland, offshore wetland and shoreline 
debris classes. 

Given the magnitude of the changes, the shore zone mapping provided a robust data set for evaluating 
broad changes to large river shoreline ecosystems due to hydroelectric development. Most of the data 
limitations were not substantive for detecting major changes due to hydroelectric development. On the 
other hand, reported changes for specific reaches or waterbodies should be used very cautiously, and 
must be interpreted in the context of other mapping (e.g., producing more detailed shore zone mapping) 
or supplementing the results with ancillary information (e.g., remote sensing from an additional year, 
location specific water regime information).  

Table 6.3.1-4: Attributes Included in the Regulated System Shore Zone Mapping 

Attribute Description Example Values 

On System 

Identifies waterbodies attached to the regulated river 
system, or off-system waterbodies that will become 
part of the regulated system after hydroelectric 
development 

Yes; No 

Waterbody Name Subdivision of river systems into waterbodies 
Southern Indian Lake - 
Area 1; Burntwood 
Reach 2 

Waterbody Type Subdivision of waterbodies based on morphology 
and water flows See Table 6.3A-4 1 

Shore Zone Wetland Wetland vegetation type in the shore zone See Table 6.3A-5 

Offshore Wetland Wetland vegetation or floating peatlands separated 
from the shore zone by a band of water See Table 6.3A-6 

Marsh present Identifies if shore zone or offshore marsh is present 
along the shoreline segment 0 = "No"; 1 = "Yes" 

Tall Shrub Zone Width of tall shrub band in the shore zone in classes See Table 6.3A-7 
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Table 6.3.1-4: Attributes Included in the Regulated System Shore Zone Mapping 

Attribute Description Example Values 

Shoreline Debris Identifies the density and coverage of woody debris 
along the shoreline See Table 6.3A-8 

Inland Vegetation 
Mortality 

Identifies the presence and width of a band of 
mortality along the inland edge See Table 6.3A-9 

Shore Disturbance Identifies the presence and type of disturbance 
along the shoreline See Table 6.3A-10 

Terrace Vegetation Vegetation structure on the ice-scoured terrace, if 
present 

Woodland, Low shrub 
vegetation 

Terrace Width Width class of the ice-scoured terrace, if present < 10 m, 10–50 m 

Bank Material Describes the type of ground material along the 
bank See Table 6.3A-11 

Bank Height Bank height in classes See Table 6.3A-12 

Bank Slope Bank slope in classes See Table 6.3A-13 

Beach Material Beach substrate type See Table 6.3A-14 

Beach Width Beach width in classes See Table 6.3A-15 

Beach Slope Beach slope in classes See Table 6.3A-16 

Bank Stability Identifies the type of bank instability, if present See Table 6.3A-17 

Land Cover Land cover type inland of the shore zone (see Table 
6.3.1-3 for description) 

Needleleaf treed 
vegetation on mineral or 
thin peatland 

Coarse Habitat Coarse habitat type inland of the shore zone (see 
Table 6.3.1-3 for description) 

Black spruce treed 
vegetation on shallow 
peatland 

Broad Habitat Broad habitat type inland of the shore zone (see 
Table 6.3.1-3 for description) 

Black spruce dominant 
vegetation on shallow 
peatland 

Ecosite Coarse Coarse ecosite type inland of the shore zone (see 
Table 6.3.1-3 for description) See Table 6.3A-2 

Human Identifies the presence and type of human 
disturbance See Table 6.3A-18 

Island Indicates whether the shore segment is on island or 
not Yes; No 

1. Tables, figures and maps with a letter in their number (e.g., A) can be found in the appendices for this chapter. 
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Source: ECOSTEM Ltd. 2010 

Photo 6.3.1-1: Example Photo for the Clay on Low Bedrock Bank Material Class 

 

 
Source: ECOSTEM Ltd. 2011 

Photo 6.3.1-2: Example Photo for the Clay on Bedrock Bank Material Class 
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