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EXECUTIVE SUMMARY 
 

In 2006, Petro-Canada (a Suncor Energy Company) indicated an interest in supporting 

the development of a conservation program focusing on innovations in sustainable 

land-use management in Alberta’s grasslands. As one of four projects delivered under 

the Petro-Canada Sustainable Grasslands Program, Alberta Conservation Association 

(ACA) examined whether encroachment by shrubs and trees has resulted in significant 

losses of grasslands in the southwest foothills of Alberta. A phased approach was used, 

where the first phase focused on data collection and development of program support. 

This phase included collecting historical and current vegetation information, obtaining 

literature from past projects in the area, meeting with land managers in the area, and 

talking to stakeholder groups and landowners. The second phase focused on 

developing a technical group, identifying key focal areas in the southwest foothills, and 

analyzing data to assess the level of encroachment by shrubs and trees onto grasslands. 

We used black-and-white imagery from 1949 and colour infrared images from 2006 to 

determine changes in grassland cover in three study areas located along the east slopes 

of southwestern Alberta. Data analysis was completed in July 2009, and final results 

revealed significant changes in grassland cover in all three study areas. To validate the 

accuracy of the land-cover classification, ACA conducted a ground-truthing exercise in 

the Porcupine Hills study area in September 2010. Future project direction initiatives 

are discussed. 
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1.0 INTRODUCTION  
 

Historically, the foothills of southern Alberta were highly influenced by fire. These 

fires, caused by both lightning and humans, were essential to vegetation community 

development (Kay 2007). Natural fire cycles began to decline in the early 1800s with the 

onset of human settlements, railways and mining camps (Pyne 1982). In the early to 

mid-1900s, fire suppression and exclusion reduced the number of fires (Tande 1979), 

resulting in a buildup of fine fuels and woody debris.  

 

Lack of fire on the landscape is becoming more commonly recognized as a detriment to 

wildlife in multiple natural subregions, including the Montane, Foothills Parkland, 

Foothills Fescue, and Subalpine. With fire exclusion and suppression in the southwest 

foothills, forests have expanded and become more homogeneous, shrub communities 

have changed, and open forest cover and grasslands have declined (Levesque 2005; 

Watt-Greme 2007). In terms of land area, aspen (Populus spp.) stands, Douglas-fir 

(Pseudotsuga menziesii) stands and grassland communities are likely the most impacted 

ecosystems (Didkowsky et al. 2011).  

 

Some fire research has used forest stand age or tree ring scar data to determine the 

frequency and distribution of fire on the landscape (Van Wagner 1978; Tymstra 

et al. 2005) and to reconstruct historical forest composition before encroachment 

occurred. In the southwest foothills, historical landscape composition is difficult to 

reconstruct because of a lack of tree ring scars in grasslands and a lack of scarring on 

Douglas-fir trees in aspen-dominated forests in the Montane Subregion (Government of 

Alberta 2005; Rogeau 2005). More research on historical vegetation communities has 

been identified as a priority in this area (Rogeau 2005). 

 

Alberta Conservation Association (ACA) works to conserve, protect and enhance 

Alberta’s fish, wildlife and habitat resources for all Albertans to enjoy, value and use. 

One component of this mission is to maintain and improve habitat, thereby ensuring 

that wildlife populations are not negatively affected because of reduced availability of 

the habitats on which they depend.  
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The focus of ACA’s Restoring Natural Habitat for Wildlife project (formerly known as 

Ungulate Winter Range Restoration) is to restore natural ecosystem patterns and 

ungulate winter range habitat values within landscape units that have aged beyond the 

natural range of variability (NRV), primarily through the use of prescribed burns and 

mechanical clearing. In 2005, ACA adopted an ecosystem management approach to 

plan treatment activities. The framework for this strategic plan follows the 

recommendations of The Wildlife Society Technical Committee on Performance 

Measures for Ecosystem Management (Haufler et al. 2002). Under this system, ACA 

developed hierarchical objectives for four scales: landscape, ecosystem, species and 

genetic diversity. Watershed sub-basins are typically chosen as the landscape planning 

unit, but in some instances, such as the Porcupine Hills where the geographic area 

spans several watershed sub-basins, the Montane Natural Subregion boundary was 

chosen as the landscape planning unit. Landscape-level objectives for each of these 

planning units describe the proportion (as an acceptable range) of each ecosystem type 

(cover and age-class combination) that should be present within ungulate winter range 

based on best current knowledge of natural disturbance patterns. Ecosystem-level 

objectives describe the spatial patterns of natural disturbance that should be created to 

emulate the effects of wildfire (e.g., size, shape, residual patches). Species-level 

objectives are used to ensure that treatments provide high-quality winter range for 

target species (e.g., elk, moose, white-tailed and mule deer). Objectives for genetic 

diversity strive to ensure that treatments do not harm the genetic diversity of species at 

risk (e.g., treatments will avoid known rare plant and animal communities if there is 

concern that they may be harmed). 

 

We are interested in conserving a variety of wildlife species but recognize that focal 

species must be selected in order to develop objectives. We selected ungulates as a 

priority group of species because of their ecological and social value, as well as the 

abundance of research that has documented their specific habitat requirements. 

Landscape-level objectives for each treatment area describe the proportion (as an 

acceptable range) of each ecosystem type (forest cover and age-class combination) that 

should be present within ungulate winter range. These targets are derived from our 

best understanding of the NRV that occurred as a result of natural disturbance.  
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Performance measures for each hierarchical level are presented in a manner compatible 

with the provincial government’s Alberta Forest Management Planning Standard (Alberta 

Sustainable Resource Development 2006). Under this framework, values, objectives, 

indicators and targets (VOITs) are identified and monitored to evaluate treatment 

success and facilitate adaptive management. Objectives consistent with the stated 

values are set, and one or more indicators are selected to track progress at achieving the 

stated objective. These indicators are the basis for our monitoring program. In addition, 

target values are proposed, which represent the benchmark to which monitoring data 

are to be compared. 

 
2.0 GENERAL DESCRIPTION  
 
The Porcupine Hills Restoration Plan study area includes the portions of the Montane 

Natural Subregion east of Highway 22 (Figure 1). The Foothills Fescue and Foothills 

Parkland natural subregions are located directly adjacent to the study area. 

Approximately 44% (38,476 ha) of the study area is Crown land (C5 Forest Management 

Unit [FMU]). The study area also intersects the Upper Oldman (05AA), Central 

Oldman–Willow (05AB) and Little Bow (05AC) watershed sub-drainage areas.  

 

We selected the Porcupine Hills area because of perceived encroachment of trees and 

shrubs within the region, which could potentially displace native grassland, alter 

winter habitat and affect the ecological processes within this unique part of the 

province. This area is of interest not only to researchers and land managers but also to 

landowners and the general public due to a high density of wildlife, cattle grazing and 

off-highway vehicle use. 

 

This unique area is named for the spears of Douglas-fir and limber pine (Pinus flexilis) 

that rise along the crests of the hills, which create a diverse vegetation pattern. The 

Porcupine Hills are one of the few unglaciated outlying hills in Alberta. The study area 

consists of a wide variety of soil subgroups, including eluviated eutric brunisol, orthic 

eutric brunisol, calcareous dark gray chernozem, orthic black chernozem, orthic dark 

gray chernozem, orthic humic gleysol, dark gray luvisol, orthic gray luvisol, and orthic 

regosols (Alberta Soil Information Centre 2001). When compared with the Montane of 

other regions, the climate of the Porcupine Hills is relatively mild in the summer, and 
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the area has a longer growing season (Government of Alberta 2005). A description of 

the Montane Natural Subregion is provided in Appendix 1. 

 

2.1 Flora and fauna 

 

Vegetation 

Although the Porcupine Hills occur mostly within the Montane Subregion, this area 

displays characteristics of montane and subalpine forest, aspen parkland and prairie 

grassland. The Douglas-fir, limber pine and lodgepole pine (Pinus contorta) distinguish 

the area as being montane. Coniferous forests are generally found on north- and 

northeast-facing slopes. Dominant tree species include trembling aspen (Populus 

tremuloides), balsam poplar (Populus balsamifera), lodgepole pine, Douglas-fir, white 

spruce (Picea glauca) and limber pine. The Porcupine Hills grasslands are composed of 

rough fescue (Festuca scabrella), Idaho fescue (Festuca idahoensis) and Parry oatgrass 

(Danthonia parryi) on lower slopes, with drier sites having more Parry’s oatgrass and 

Idaho fescue. Other common species include bluebunch wheatgrass (Pseudoroegnaria 

spicata), sedges (Carex spp.) and Sandberg bluegrass (Poa sandbergii). In the transition 

zone, there are more shrub species, including snowberry (Symphoricarpos albus), rose 

(Rosa sp.), Saskatoon (Amelanchier alnifolia) and bearberry (Arctostaphylos uva-ursi). 

Several graminoid-dominated wetlands are also present. Species here include beaked 

and awned sedge (Carex spp.), creeping spike rush (Eleocharis palustris), bulrush 

(Bolboschoenus sp.) and cattails (Typha sp.) (Natural Regions Committee 2006). 
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Figure 1. Porcupine Hills Restoration Plan study area.  
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Mammals 

The Porcupine Hills support a diverse ungulate assemblage and contain critical 

wintering habitat for a resident elk (Cervus elaphus) herd, moose (Alces alces) and large 

populations of both white-tailed (Odocoileus virginianus) and mule (Odocoileus hemionus) 

deer. This landscape also supports large mammals, including wolves (Canus lupus), 

coyotes (Canis latrans), black bears (Ursus americanus), grizzly bears (Ursus arctos), 

beavers (Castor canadensis), badgers (Taxidea taxus) and cougars (Felis concolor). 

 

Fish 

The Beaver Creek in the South Porcupine Hills is the most studied watershed within 

the study area. It contains pure westslope cutthroat trout (Oncorhynchus clarki) in the 

forest reserve. Including other drainages in the study area, the fish assemblage includes 

cutthroat, longnose dace (Rhinichthys cataractae), lake chub (Couesius plumbeus), 

longnose sucker (Catostomus catostomus), mountain sucker (Catostomus platyrhynchus), 

fathead minnow (Pimephales promelas), white sucker (Catastomus commersonii), rainbow 

trout (Oncorhynchus mykiss) and westslope cutthroat trout–rainbow trout hybrids. 

 

Other fauna 

A wide variety of bird species exist within the Porcupine Hills due to the diversity of 

available habitat. Several less common species include Sprague’s pipit (Anthus 

spragueii), golden eagle (Aquila chrysaetos) and long-billed curlew (Numenius 

americanus). Other large birds include sharp-tailed grouse (Tympanuchus phasianellus), 

blue grouse (Dendragapus obscurus), spruce grouse (Falcipennis canadensis) and several 

hawk species. Northern leopard frogs (Rana pipiens) have also been observed in 

waterbodies in the southern portion of the Porcupine Hills study area. 

 

2.1.1 Ungulate habitat potential 
  

The Canada Land Inventory (CLI) is a comprehensive, multi-disciplinary land 

inventory of rural Canada providing maps of ungulate habitat capability based on 

relatively static biophysical variables such as terrain, climate, soil conditions and 

optimum vegetation stage for wildlife (Agriculture and Agri-Food Canada 1998). 

Habitat capability provides a good estimate of what a future landscape may provide in 
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terms of habitat as a result of a focused vegetation management program or natural 

disturbance regime.  

 

The CLI indicates that the disjunct portion of the Porcupine Hills study area directly 

south of Highway 533 has high land capability for deer and elk wintering habitat. 

Moderately high habitat potential for deer and elk winter range occurs south of 

Highway 520 on the eastern edge of the study area, and moderate habitat potential for 

deer, elk and moose winter range spans considerable portions throughout the southern 

half of the study area (Figure 2). The amount of each winter range class in the Montane 

Subregion of the Porcupine Hills is listed in Table 1. 

 

Table 1. Area of potential ungulate winter range in the Montane Natural Subregion 
of the Porcupine Hills and the combined percentage of the subregion that 
this range represents. 

 

Natural 
subregion 

Area of potential ungulate winter range (ha)
Combined 

percent  
Class 1W Class 2W Class 3W 

Best Very good Good
Montane 3,145 6,804 50,824 69
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Figure 2. Canada Land Inventory: Land capability for ungulates in the Porcupine 
Hills and surrounding areas (Agriculture and Agri-Food Canada 1998). 
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2.2 Land use 

 

Livestock 

Livestock grazing is the most long-standing land use in the Porcupine Hills area. Range 

improvements generally focus on controlling shrub and tree encroachment and 

maintaining the forage base to support sustainable animal production. Historically, 

ranchers would frequently use fire to control encroachment; however, the “Granum” 

fire of 1997, which passed south of the area burning ranch buildings and livestock, 

created apprehension about prescribing fire in a grassland community. High 

concentrations of cattle have been observed in several locations along water drainages, 

and extensive grazing has had an adverse effect on grasslands. Heavy grazing pressure 

on rough fescue–dominated community types can result in grassland community 

conversion from rough fescue–dominated communities to an Idaho fescue-Parry 

oatgrass-sedge community (Willoughby 1992). Continued increases in grazing pressure 

eventually leads to a decline in all native species.  

 

Historical land use 

Several historical resource inventories have been completed in the Porcupine Hills. 

Prehistoric sites have been identified in the smaller drainage system west of the study 

area and on exposures of bedrock elevated above streams or rivers (Government of 

Alberta 1987). The Porcupine Hills area is thought to have been used extensively by 

Aboriginal peoples due to the abundance of wildlife. It was virtually free of glacial ice 

in the Pleistocene age. Exploration in areas with similar characteristics (the Yukon) has 

led to the discovery of historical inhabitations. It is possible that the Porcupine Hills 

had similar activity 12,000 years ago and remains are deeply buried by sediment. 

Head-Smashed-In Buffalo Jump, a UNESCO world heritage site, is located 

approximately 15 km southeast of the study area. The site is known to have been used 

continuously by Aboriginal peoples for more than 5,500 years. More recent land-use 

activities include coal mining, ranching and forestry (Government of Alberta 1987). 

Timber harvesting, in particular, was a significant activity in this area beginning in the 

late 1800s.  
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Industry 

To date, approximately 25 well sites exist in the Porcupine Hills area, and future oil and 

gas exploration and activity is likely further to the east. Very little exploration for 

minerals has occurred, other than for coal. Forestry activity in the area focuses mostly 

on lodgepole pine, although Douglas-fir makes up most of the over-mature age classes. 

Mountain pine beetle (Dendroctonus ponderosae) has been prevalent in the area, and a 

control program has been initiated.  

  

2.3 Recreation and tourism 

 

The Porcupine Hills support a variety of recreational uses, from trapping, hunting, 

fishing, hiking and trail riding, to snowmobile and off-highway vehicle use. Most of 

this area has been accessed for agriculture, forestry, and oil and gas exploration and 

extraction. These industrial uses allow recreational access over much of the landscape. 

This area is a popular hunting destination because of the high density of deer and elk. 

Moose populations have been declining in the area; consequently, tag allocations have 

limited the ability of residents to hunt, with the exception of First Nations. Much of the 

area is accessible by trail and is used by off-highway vehicles. A system to reduce trails 

and provide non-motorized opportunities is an objective in the Livingstone-Porcupine 

Hills Sub-regional Integrated Resource Plan (Government of Alberta 1987) and the C5 

Forest Management Plan 2006–2026 (Government of Alberta 2010). The beautiful scenery 

also attracts hikers, mountain bikers and horseback riders to this unique area.  

  

2.4 Higher-level plans  

 

The Porcupine Hills fall within the C5 FMU. The Government of Alberta initiated a 

long-term provincial forest management plan (FMP) for this region in 2001 and 

completed the plan in 2010 (Government of Alberta 2010). The C5 area encompasses 

3,522 km2 of the Rocky Mountains, Parkland and Grassland natural regions in 

southwest Alberta (approximately 394 km2 of this falls within the Porcupine Hills 

subregion of the C5 FMU). The objective of the FMP is to provide landscape-level 

direction for forest management activities aimed at establishing and maintaining future 

forest conditions capable of providing the many values currently deemed important in 

the C5 area.  
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Although objectives outlined in the C5 Forest Management Plan may not always overlap 

with ACA’s wildlife habitat objectives, the C5 FMP is complementary to this restoration 

plan for the Porcupine Hills because it could allow for coordinated restoration planning 

at a large scale. ACA’s efforts will focus on planning for restoring habitat for wildlife 

within and outside the C5 area, and we will contribute expertise to overall FMU 

planning when requested to do so by Alberta Environment and Parks (AEP). Options 

for coordinated planning outside of C5 will also be explored. 

 

3.0 PLANNING COMPONENTS 
 
Ecosystem management involves balancing social, economic and ecological values. 

ACA’s focus is primarily on the ecological aspects, but we recognize the importance 

and realities of the social and economic context we are faced with. As a result, this plan 

identifies these values as separate planning components and outlines the hierarchical 

objectives and performance measures associated with each. The hierarchical framework 

deemed necessary for measuring the effectiveness of ecosystem management at the 

landscape, ecosystem, species and genetic levels has been adopted from Haufler 

et al. (2002).  

 
3.1 Ecological 

3.1.1 Landscape level  
 

Fire has been the main natural disturbance agent on this landscape. Therefore, 

restoration efforts are focused on emulating fire disturbance patterns within high 

habitat value areas primarily using prescribed burning. It is expected that species 

adapted to fire will benefit from prescribed burning and that habitat conditions will 

improve.  

 

Because fire history information is lacking, Didkowsky et al. (2011) used 

black-and-white imagery from 1949 and colour infrared images from 2006 to determine 

grassland change over time in the southern portion of the Porcupine Hills (Figure 3). 

The results of the photo analysis show significant changes in land cover. In 1949, the 

largest or most representative land cover type within the study area was the 

Grassland 1 type followed by the Forest type (Table 2). The least representative types 
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included the Cutblock and Water types. By 2006, the most representative type was the 

Forest type followed by the Grassland 1 type. The least representative types in 2006 

were Settlements and Water types. The total area, number of polygons and average 

polygon size for both the Shrub and Forest types increased substantially between 1949 

and 2006. Consequently, the average polygon size for all of the grassland types 

declined significantly between 1949 and 2006. In addition, the number of polygons for 

all grassland types has increased, with the exception of the Grassland 3 type, for which 

the number of polygons has remained unchanged. This change indicates that many 

smaller native grassland patches currently exist in comparison with the fewer but larger 

grassland patches in 1949.  

 

Table 2 reveals a trend toward a high degree of fragmentation, as evidenced by the 

doubling of the polygon counts and subsequent halving of the average polygon size. 

The largest “pure” grassland polygon in 1949 was 971.34 ha, while the largest intact 

pure grassland polygon in 2006 was 223.99 ha. Grassland 1, 2, 3 and 4 types are 

significantly different in size (P <0.0001 for all tests: t = 5.2500, df = 597; t = 4.631, 

df = 264; t = 7.082, df = 198; t = 6.440, df = 129, respectively). Between 1949 and 2006, the 

average size of Forest polygons decreased (t = 3.336, df = 1,120, P = 0.009). 

 

Table 3 shows the result of intersecting the 1949 and 2006 landscape data to reveal 

positive or negative changes in the extent and amount of grass cover through time. For 

example, 1,312.36 ha of land have changed from the Grassland 1 category in 1949 to a 

Grassland 2 category in 2006, which is considered a negative impact on the extent and 

amount of grass cover. 
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Figure 3. South Porcupine Hills study area (Didkowsky et al. 2011). 
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Grass cover across all community types changed over time, increasing in some and 

decreasing in others. Grass cover could decrease within a category but not actually 

affect the category for that polygon over time (e.g., a polygon classified as Grassland 2 

with 89% grass cover in 1949 and that contains 82% grass cover in 2006 would still be 

classified as Grassland 2). To better understand the actual change in hectares of grass 

cover (as well as Shrub, Tree, Soil and Water cover) across the landscape in all 

categories, the area of each cover type in both 1949 and 2006 was calculated (percent 

grass cover × actual area of polygon = hectares of grass), and changes between years are 

shown in Table 4. Negative numbers indicate a decrease in hectares of the cover type, 

and positive numbers indicate an increase in that cover type.  

 

The net decrease in grass cover (1,689.96 ha) is evident (Table 4). For shrub cover, there 

was a net increase of approximately the same amount (although pure shrub polygons 

were uncommon in 1949, the abundance of shrubs increased substantially by 2006). 

Interestingly, there was a net decrease in the amount of tree cover (Table 4), but the 

removal of tree cover from logging activity (456.64 ha) was largely offset by gains in 

tree cover on shrub and forest lands. Tree cover decreased in all grasslands, whereas 

shrub cover increased in all grasslands.  

 

3.1.1.1 Performance measures (VOITs) 

The VOITs at the landscape level are designed to support the goal of restoring broad 

habitat patterns naturally found within fire-adapted systems (Table 5). 

 



 

 15

Table 2. A comparison of land cover type polygon metrics between 1949 and 2006 in the south Porcupine Hills study area 
(Didkowsky et al. 2011). A description of land cover types is provided in Appendix 2.  

 

Land cover type 

 1949 2006 
 Number of 

polygons 
Area 
(ha) 

Average 
polygon 
size (ha) 

Largest 
polygon 

(ha) 

 Number of 
polygons 

Area 
(ha) 

Average 
polygon 
size (ha) 

Largest 
polygon 

(ha) 
Grassland 1  165 7,951.44 48.19 971.34*  434 7,029.22 16.20 223.99 
Grassland 2  86 1,611.25 18.74 102.89  180 1,802.10 10.01 152.76 
Grassland 3  100 1,820.78 18.21 74.46  100 680.67 6.81 35.79 
Grassland 4  34 501.29 14.74 32.08  97 689.07 7.10 25.59 
Shrub  4 31.78 7.94 12.16  64 603.08 9.42 41.11 
Forest  468 7,487.92 16.00 213.93  654 7,949.79 12.16 386.10*
Water  6 2.57 0.43 1.16  34 7.15 0.21 1.80 
Crop  16 126.78 7.92 21.54  14 35.22 2.52 7.60 
Tame pasture  7 65.02 9.29 21.82  26 237.79 9.15 36.08 

Cutblocks  0 0 0 n/a  97 503.89 5.19 20.71 
Roads  26 19.14 0.74 3.17  119 78.73 0.66 11.76 
Settlements  2 3.95 1.97 2.82  2 5.21 2.60 3.09 
Total  914 19,621.92 n/a n/a  1,821 19,621.92 n/a n/a 
n/a = not applicable 
* The largest polygon size (ha) among all land cover types in 1949 and 2006. 
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Table 3. Conversion from one land cover type to another (ha) between 1949 and 2006 in the south Porcupine Hills study area 
(Didkowsky et al. 2011). A description of land cover types is provided in Appendix 2. Green cells (upper right) indicate 
increases in the grassland category (hectares of grass), orange cells (lower left) indicate a decrease in the grassland 
category (hectares of grass), and gray cells (middle) indicate no change in cover type. 
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  Grassland 1 5,697.52 581.12 409.03 79.69 4.08 230.20 7,001.64

  Grassland 2 1,312.36 246.13 87.52 14.44 0.40 110.02 1,770.87

  Grassland 3 261.04 120.51 124.82 46.76 7.21 119.01 679.35

  Grassland 4 117.40 87.90 142.36 59.42 11.90 268.91 687.89

  Shrub 42.85 61.04 136.68 41.98 8.19 311.73 602.47

  Forest 362.53 486.36 879.66 254.62 0.00 5,959.94 7,943.11

  TOTAL 7,793.70 1,583.06 1,780.07 496.91 31.78 6,999.81 18,685.33
 

 

 



 

17 

Table 4. Changes in land cover characteristics (ha) by land cover type between 1949 and 2006 in the south Porcupine Hills 
study area (Didkowsky et al. 2011). A description of land cover types is provided in Appendix 2. 

 
Land cover type Grass Shrub Tree Soil Water Anthropogenic 
Grassland 1 -878.64 96.04 -160.29 66.77 -46.48 0.38 
Grassland 2 161.19 113.80 -167.78 77.56 5.57 0.51 
Grassland 3 -753.08 76.34 -477.13 11.76 2.00 0.00 
Grassland 4 54.22 142.48 -13.74 4.77 0.04 0.00
Shrub 88.54 349.24 129.65 3.88 0.00 0.00
Forest -726.01 847.45 331.79 9.51 -0.86 0.00
Water 0.27 0.00 0.00 0.04 4.27 0.00
Crop -91.69 0.00 0.00 0.13 0.00 0.00
Tame pasture 172.57 0.00 0.00 0.20 0.00 0.00
Cutblocks 280.54 39.97 80.38 102.87 0.13 0.00
Roads 0.00 0.00 0.00 0.00 0.00 59.58 
Settlements 2.13 0.11 0.42 0.00 0.00 -1.40 
Total -1,689.96 1,665.43 -276.69 277.49 -35.34 59.08 
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Table 5. Landscape-level values, objectives, indicators and targets.  
 

Value Objective Indicator Target 
Area of grassland Emulate natural fire disturbance 

patterns through habitat treatments to 
reduce landscape fragmentation. The 
resulting area, age distribution and 
species composition of grassland falls 
within the NRV of the Montane NSR. 

Area of grassland cover 
type in 1949 as determined 
by Didkowsky et al. (2011) 

Apply treatments to mitigate the 
annual rate of change in grassland 
area; no net loss from current 
conditions of grassland cover type 
area 

    
Area of shrub Emulate natural fire disturbance 

patterns through habitat treatments to 
reduce landscape fragmentation. The 
resulting area, age distribution and 
species composition of shrub falls 
within the NRV of the Montane NSR. 

Area of shrub cover type in 
1949 as determined by 
Didkowsky et al. (2011) 

Apply treatments to mitigate the 
annual rate of change in shrub area; 
no net loss from current conditions 
of shrub cover type area 

    
Area of forest Emulate natural fire disturbance 

patterns through habitat treatments to 
reduce landscape fragmentation. The 
resulting area, age distribution and 
species composition of forest falls 
within the NRV of the Montane NSR. 

Area of forest cover type in 
1949 as determined by 
Didkowsky et al. (2011) 

Apply treatments to mitigate the 
annual rate of change in forest area; 
no net loss from current conditions 
of forest cover type area 

NRV = natural range of variability, NSR = natural subregion 
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3.1.2 Ecosystem level  
 
Wildlife habitat restoration efforts at the ecosystem scale are focused on restoring 

natural burn patterns, including the emulation of the NRV for disturbance patch size 

and remnant patch size distribution. Andison (2003a) states that in 1950 71% of 

disturbed areas were in patches between 600 and 2,000 ha and that individual 

disturbance events larger than 5,000 ha were virtually absent in the Montane. 

Consequently, Didkowsky et al. (2011) found that average patch sizes in the Montane 

portions of the Porcupine Hills in 1949 were significantly smaller than 600 ha for all 

cover types (see Table 2). It is unknown why this large variation exists, although we 

suspect that it is a function of topography, the intensity and frequency of historical fire 

events, other natural and anthropogenic disturbances, and the location and climate of 

this unique montane region. 

  

In the absence of data on natural fire disturbance patterns in the Porcupine Hills, ACA 

uses data associated with studies conducted in other locations in the province with 

similar ecological conditions or the best available data known for the area. In other 

areas of the province that are forested, the historical fire template described by Andison 

(2003b) suggests that a small number of very large fires account for most of the area 

disturbed on a given landscape. Although there are a greater number of very small 

disturbance patches, only 5%–10% of them are considered individual disturbances in 

space and time. Most are clustered as part of a single, large disturbance event 

(Andison 2003b). 

 

Several logistical, economic, social and ecological constraints are associated with 

conducting a single, large-scale disturbance (treatment), such as a large prescribed 

burn. Therefore, ACA has adopted the approach of planning for and creating single 

disturbance events. Disturbance events are composed of multiple disturbed patches 

that are, by definition, less than 500 m apart. A disturbance event occurs over a mostly 

contiguous area where at least 20% of the trees have been killed (Andison 2006a). The 

disturbance event approach allows for maximum flexibility in implementing treatments 

because patch size can be managed according to constraints while still allowing the 

landscape to retain many ecological parameters associated with large-scale fires. 

Treatments within these event areas would proceed over a relatively short (<10 years) 
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period and essentially initiate or maintain the dominance of a single age class over a 

large area that is analogous to intermediate or large-scale wildfires.  

 

Disturbance events are generally composed of a cluster of patches, so the NRV in patch 

number and area should be considered. Andison (2003a) documented a very basic, 

reproducible estimate of the number of patches for fire events of varying sizes (Table 6). 

Events are usually dominated by one large patch that is, on average, 73% of the total 

event area. When planning a series of coordinated prescribed burns, the aim should be 

to have the largest patch between 63% and 83% (±10% of the average) of the event area 

(Andison 2003a). 

 

Table 6. Average number of disturbed patches for varying event sizes (Adapted 
from Andison 2003a). 

 

Event size (ha)  Average number of patches1 
<10  2 

11–100  3 

101–1,000  7 

1,001–10,000  >42 
1 Rounded to nearest whole number 

 

 

Within natural fire events, especially larger ones, there are always remnant patches of 

unburned forest. Remnants can be part of the matrix of live trees between the disturbed 

patch and event boundaries, an island within the disturbed patch, or individual live 

trees remaining within the disturbed patch. Unburned remnants that form corridors 

between burned patches are the most common type of residual patch, and they are the 

largest residual patches within an event (Andison 2003a). The other types of remnants 

(bays, islands or individual trees) are smaller and generally evenly distributed by size 

within events. Remnants are an ecological necessity because they contribute to the 

mosaic of stand types and provide cover for wildlife. 

 

Analysis of the area and distribution of remnant patches by the Foothills Research 

Institute found that the NRV in the area of unburned forest is always within 15% to 

62% of the total burn area (Andison 2006a). Andison (2006a) found that the area of 
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residual patches after disturbance was completely unpredictable based on the location 

or size of a fire. As a result, a range of residual patch sizes should be created to emulate 

natural fire event patterns.  

 

Deliberate inclusion of corridor remnants is logistically feasible when planning 

prescribed burns because they can be planned as part of the boundaries to the multiple 

prescribed fires that compose an event, with the remaining types of remnants likely 

occurring naturally as part of the burn process. 

 

3.1.2.1 Performance measures (VOITs) 

 

The VOITs at the ecosystem level are designed to support the goal of emulating the 

effects of wildfire in terms of burn patterns and the amount of burned area (Table 7).  
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Table 7. Ecosystem-level values, objectives, indicators and targets. 
 

Value  Objective  Indicator  Target 
Average size of ≥80% 
grassland patches1 

 Emulate natural fire disturbance 
patterns through habitat treatments to 
reduce landscape fragmentation and 
restore the NRV within the Montane 
NSR 

 The current average size of ≥80% 
grassland patches  

 38.10 ha; the equivalency of no net 
loss of average grassland cover type 
patch size in 1949 (Table 2) 
 

       
Average size of <80% 
grassland patches2 

 Emulate natural fire disturbance 
patterns through habitat treatments to 
reduce landscape fragmentation and 
restore the NRV within the Montane 
NSR  

 The current average size of <80% 
grassland patches  

 17.33 ha; the equivalency of no net 
loss of average grassland cover type 
patch size in 1949 (Table 2) 
 

       
Average size of 
Douglas-fir-dominated 
forest stands 

 Emulate natural fire disturbance 
patterns through habitat treatments to 
reduce landscape fragmentation and 
restore the NRV within the Montane 
NSR 
 

 Re-establish the average size of 
Douglas-fir forest stand patches to 
no smaller than 16.84 ha (Table 2); 
the average polygon size in 1949 as 
determined by Didkowsky et al. 
(2011) 

 Apply treatments to mitigate the 
annual rate of change of average 
Douglas-fir forest stand patch size; 
no net loss of average Douglas-fir 
forest cover type patch size 

       
Average size of 
aspen-dominated 
forest stands 

 Emulate natural fire disturbance 
patterns through habitat treatments to 
reduce landscape fragmentation and 
restore the NRV within the Montane 
NSR 

 Re-establish the average size of 
aspen forest stand patches to no 
smaller than 13.77 ha (Table 2); the 
average polygon size in 1949 as 
determined by Didkowsky et al. 
(2011) 

 Apply treatments to mitigate the 
annual rate of change of average 
aspen forest stand patch size; no net 
loss of average aspen forest stand 
patch size 

NRV = natural range of variability, NSR = natural subregion 
1 ≥80% Grassland is defined as at least 80% of the polygon is covered by grassland vegetation. This represents a combination of Class 1 and 2 (Didkowsky et al. 
2011). 
2 <80% Grassland is defined as more grassland than any of the other land cover type but less than 80% grass cover. In case of a tie between grassland and other 
cover types (e.g., 40% grass cover, 40% shrub cover, 10% forest cover and 10% soil cover) the polygon is classified as Grassland <80%. This represents a 
combination of Class 3 and 4 (Didkowsky et al. 2011). 
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3.1.3 Species level  
 

We focused on the coarse-filter planning approach (e.g., landscape, ecosystem) to 

restore the historical range of variability to the Porcupine Hills ecosystem (Haufler 

et al. 2002). We assumed that achieving natural patterns through prescribed burns will 

benefit a wide variety of species that have evolved with and adapted to historical 

disturbances, particularly those that use early successional habitats. We identified 

broad species-level performance measures that are important to ACA, and we use them 

to verify that the coarse-filter targets are successful. We envision this as the first step in 

identifying some of the important species-level values for the area, with room to 

expand in the future through further collaboration and discussions with our 

stakeholders. 

 

Winter range is a key habitat requirement that can limit ungulate populations. 

Ungulate winter range generally provides three main habitat values: forage availability, 

predator avoidance and thermal regulation. The Porcupine Hills provide good ungulate 

winter range for large herds of elk and deer. Therefore, maintaining adequate winter 

range to support healthy ungulate herds is an important ACA objective. 

 

Planning restoration treatments should improve habitat quality without adding 

mortality risk. Many wildlife species are negatively impacted by motorized access 

either through direct vehicle collision mortality or through indirect effects of access 

such as stress, harassment or poaching (Trombulak and Frissell 2000). Habitat 

treatments should be planned away from human access or, at the very least, out of sight 

of motorized roads and trails to minimize mortality and alteration of wildlife 

behaviour. 
 
3.1.3.1 Performance measures (VOITs) 

 

The VOITs at the species level (Table 8) are based on providing general forage, predator 

avoidance and thermal cover characteristics required by ungulates and other wildlife. 

These VOITs will be used to guide restoration planning and delivery to ensure that 

ACA treatments are improving wildlife habitat. 
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Table 8. Species-level values, objectives, indicators and targets. 
 
Value Objective Indicator Target Reference 
Ungulate winter 
range 

Maintain good quality 
ungulate winter range 
within the NRV 

Area of combined 
grassland classes 1–4 
(Didkowsky et al. 2011) 
within potential ungulate 
winter range (Class 1–3 W) 
classified from the CLI as 
calculated using a GIS 

No net loss of area of 
combined grassland 
classes, as of 2006. For 
Didkowsky et al.’s 
(2011) study area, this 
area is 10,201 ha. Area 
for remainder of study 
area is data deficient. 

ACA target value 
 

Human disturbance Majority of treatment 
areas are beyond the 
direct influence of 
motorized roads and 
human use trails. 

Proportion of treatment 
areas occurring where 
road density is 
<1.2 km/km2 as measured 
using a GIS 

A minimum of 50% Alberta Grizzly Bear 
Recovery Plan 2008–
2013 (ASRD 2008) 
 
ACA objective 

NRV = natural range of variability, CLI = Canada Land Inventory, GIS = geographic information system 
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3.1.4 Genetic-diversity level 
 

Objectives established at the genetic-diversity level are designed to ensure that 

treatments do not negatively impact sensitive species or that they improve habitat 

conditions for species at risk. Habitat treatments, such as prescribed fire, are expected 

to displace some wildlife in the short term, but the goal is to improve overall habitat 

quality to support greater biodiversity in the long term. In the Porcupine Hills, species 

that require special consideration include limber and whitebark pine, northern leopard 

frog and grizzly bear. 

 

Limber and whitebark pine have interestingly complex life cycles. A large number of 

limber pine stands have been identified and mapped in the Porcupine Hills (ASRD and 

ACA 2007a). Prescribed burns would benefit both limber and whitebark pine as long as 

some mature seed trees were maintained to enable seed dispersal by Clark’s nutcracker 

(Nucifraga columbiana) (ASRD and ACA 2007a, b). However, limber and whitebark pine 

stands are declining at an alarming rate in the province due to an invasive fungus 

(ASRD and ACA 2007a, b). In addition, old limber pine trees are lacking, particularly in 

the Porcupine Hills, due to a mountain pine beetle outbreak in the early 1980s (ASRD 

and ACA 2007a). Thus, we will avoid planning treatments that overlap known limber 

and whitebark pine stands at this time to preserve these remaining pine stands. 

Planning prescribed fire in unoccupied but suitable limber or whitebark pine habitat is 

expected to have positive effects on the recruitment of these species by creating a fertile 

seed bed for nutcrackers to disperse and cache seeds within the Porcupine Hills. 

 

At least three northern leopard frog sightings have been recorded in the Porcupine 

Hills according to the provincial government wildlife database (Klassen 1990; 

Hlady 1991; Klassen 2000–2002). Prescribed burns can minimize negative impacts on 

amphibians and other wildlife by preserving dense ground cover and ensuring a 

low-intensity burn around wetlands and waterbodies (ASRD 2003). Ideally, treatments 

should be planned in the spring when mature adults are closer to refuge provided by 

waterbodies and eggs have been safely laid in the water (K. Kendell, personal 

communication, 2011). 
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It is important that we plan habitat treatments for wildlife that provide high-quality 

forage and adequate security to prevent creating “attractive sinks”—places with high 

habitat value but also high mortality risk (ASRD and ACA 2010). The Porcupine Hills 

are classified as secondary habitat for grizzly bear, which should benefit from recent 

burns because of the abundance of forbs, grasses and shrubs that emerge after a fire 

(ASRD 2010). The primary limiting factor for grizzlies in Alberta is mortality facilitated 

by motorized human access (ASRD and ACA 2010). We will plan burns away from 

motorized access to minimize human-caused mortality of grizzly bears and other 

wildlife. 

 

3.1.4.1 Performance measures (VOITs) 

 

The VOITs for the genetic-diversity level (Table 9) are designed to ensure that sensitive 

species are identified so that habitat treatments do not have detrimental effects.  
 

Table 9. Genetic-level values, objectives, indicators and targets 
 
Value Objective Indicator Target 
Limber pine Avoid limber 

pine mortality 
 

Area and location of 
prescribed burns 
 

No prescribed burn 
falls within 
documented limber 
pine stands.  

Whitebark pine Avoid 
whitebark pine 
mortality 

Area and location of 
prescribed burns 

No prescribed burn 
falls within 
documented 
whitebark pine 
stands. 

Northern 
leopard frog 
 

Minimize 
negative 
impacts to 
leopard frogs 

Pre/post surveys where 
known occurrences fall 
within 1 km of proposed 
habitat treatment areas; 
at wetlands 100 m from 
treatment area 

Low intensity burns 
in wetland-type 
areas 

Grizzly bear Minimize 
human-caused 
mortality 

Area and location of 
prescribed burns 

Prescribed burns are 
located >150 m from 
motorized access. 
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3.2 Social 

 

The Porcupine Hills region is a multiple-use area that is used by several industries and 

recreational user groups. The operable land base for timber extraction is managed by 

AEP for other extractors of timber (e.g., quota holders). Areas not considered for 

potential timber extraction typically have unmerchantable trees or vegetation, or are 

inoperable due to steep slopes or location next to sensitive areas. Usually, harvesting on 

sustained slopes steeper than 45% will not be considered (Alberta Environmental 

Protection 1994). Thus, any stand of merchantable timber on operable ground may be 

considered potentially harvestable, and prescribed burns may be denied for these areas 

unless other social concerns override the timber extraction priorities.  

 

Oil and gas infrastructure may also be located in areas considered for prescribed burns. 

Depending on the type of installation (e.g., well sites versus compressor stations), the 

burn boundaries may have to be modified to accommodate it, or prescribed burns may 

be denied for those areas. 

 

Recreation-based social objectives must also be considered when providing the 

rationale for prescribed burning. Members of the public or ACA partners will typically 

express these objectives. Hunters, guides and outfitters will undoubtedly prefer spring 

burns so that hunting opportunities will not be disrupted.  

 

Cattle ranching is prevalent in the area and requires special consideration so that 

restoration plans are not detrimental to livestock operations. Support and input from 

local ranchers and landowners will be important for planning restoration activities. 

 

At the larger landscape scale, the C5 FMP has undergone considerable public 

consultation regarding social values and objectives. In addition to preserving the 

aesthetic quality and recreational opportunities, the public input group identified 

maintaining a viable and healthy forest as a high priority. As these objectives align well 

with ACA’s objectives outlined in this plan, the C5 area provides an excellent 

opportunity for ACA to work with AEP and other stakeholders toward common goals. 

The results of the C5 plan will, therefore, provide the foundation for treatment 

proposals created for the portion of the Porcupine Hills that overlaps the C5 FMU. 
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3.3 Economic 
 
Planning and executing prescribed burns require a great deal of time and financial 

resources. ACA can contribute in-kind resources in providing human resources and 

vehicles for assisting with burns and performing burn evaluations. ACA can also 

provide expertise for creating restoration plans, such as this document. Resources for 

this work will be budgeted within ACA’s wildlife program planning process.  

 

Partner support will be needed to provide funds for planning and executing specific 

burns. To help reduce costs over a portion of the planning area, ACA may partner 

directly with AEP in developing and executing prescribed burns as a component of the 

C5 FMP.  

 

 

4.0 MONITORING 
4.1  Landscape level  

 

Monitoring the landscape-level indicators will primarily be completed through 

geographic information system (GIS) analysis of change over time. Current information 

sources for landscape condition (e.g., stand age, cover type) will need to be obtained, 

which may include using updated Alberta Vegetation Inventory layers or satellite 

imagery. Up-to-date information will be used to compare the stand age distribution at 

that time to both the theoretical NRV distribution and the starting distribution. GIS 

analysis will also be used to calculate the total area treated in each natural subregion. 

These values will be compared with targets listed in Table 6. 

 

Divergence from targets will result in a review of the planning and implementation 

process to determine whether changes need to be made to either the targets or the way 

in which treatments are planned and conducted. 
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4.2 Ecosystem level  

 

Monitoring for ecosystem-level indicators will be conducted through GIS analysis of 

event boundaries. The event will be defined as in Andison (2006b), including both 

treatment areas and unburned remnants. It may be necessary to obtain air photos or 

high-resolution satellite imagery of treatment areas to map event boundaries. These 

values will be compared with targets listed in Table 7. 

 

Divergence from targets will result in a review of the planning and implementation 

process to determine whether changes need to be made to either the targets or the way 

in which treatments are planned and conducted. 

 

4.3 Species and genetic levels 

 

Indicators will be measured within an ecologically appropriate study area that is 

relevant to the target species. Monitoring data collection and analysis should follow a 

BACI (before-after, control-impact) study design. Results of the monitoring program 

will be compared with targets outlined in Tables 8 and 9. 

 

Any divergence from targets will result in a review of the planning and implementation 

process to determine whether changes need to be made to either the targets or the way 

in which treatments are planned and conducted. ACA will consistently adapt 

species-level targets based on new scientific research. 

 

If conflicts among objectives are identified and result in divergence from targets, 

precedence will be given to higher-level objectives (i.e., ecosystem and landscape 

objectives override species objectives). 
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5.0 POTENTIAL FOCUS AREAS FOR RESTORATION 
TREATMENTS 

 
Ecological, social and economic objectives were used to develop a flow chart to aid in 

identifying geographic focus areas within the Porcupine Hills study area for future 

prescribed burns (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Example flow chart of the process used to identify potential treatment areas. 
 
 

Restrict to good-quality winter 
range (Class 1–3) 

Two-thirds of treatment is outside 
the zone of influence of human 
disturbance

Exclude northern leopard frog 
breeding ponds 

Exclude limber pine and whitebark 
pine stands 

Genetic-diversity level 

Species level 

Prescribed burns are located >150 m 
from motorized access  

Average size of <80% grassland 
patches no smaller than 18.21 ha 

Average size of ≥80% grassland 
patches no smaller than 48.19 ha 

Restrict to grassland, forest and 
shrub cover types  

Ecosystem level 

Average size of aspen forest stand 
patches no smaller than 13.77 ha 

Landscape level 

Average size of Douglas-fir forest 
stand patches no smaller than 
16.84 ha 
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7.0 APPENDICES 
 
Appendix 1. Description of the Montane Natural Subregion. Information is 

adapted from Natural Regions Committee (2006). The area of this 
natural subregion in the Porcupine Hills study area is 87,843 ha.  

 
Characteristic Description 
Climate Mean annual temperature is 2.3 °C with a mean July temperature of 13.9 °C 

and a mean January temperature of -10 °C. Although the summers are cool, 
this subregion has the warmest winters in all of Alberta. Total annual 
precipitation is 589 mm with much less snowfall than the Alpine or 
Subalpine subregions; 65% of the total precipitation falls during the growing 
season. 

Dominant 
vegetation 
cover 

The Montane Subregion is divided into three portions. The first portion, the 
southern foothills and plains district, includes the lower-elevation areas 
along the Front Ranges, mainly south of the Bow River corridor and also the 
upper elevations of the Cypress Hills. The second portion, the southern and 
central mountain valley district, includes Crowsnest Pass, Bow Valley and 
Ya-Ha-Tinda area. The northern mountain valley district includes the North 
Saskatchewan River (including the Kootenay Plains) and mountain valleys 
to the north (the Athabasca River valley between Jasper and Hinton, and the 
Smoky River valley near Grande Cache). The vegetation of the first two 
districts is highly similar and is characterized by forests composed of 
Douglas-fir, white spruce, lodgepole pine and aspen, with grassy 
understories characterized by hairy wild rye (Leymus innovatus) and pine 
reed grass (Calamagrostis rubescens). Grasslands in the southern districts 
occur on south- and west-facing aspects with the mix of species varying with 
elevation and latitude. The northern district is characterized by forests of 
lodgepole pine, aspen or white spruce, with understories of hairy wild rye, 
Canada buffalo-berry (Shepherdia canadensis), diverse forbs and feather 
mosses. Grasslands are less common in this district and Douglas-fir only 
occurs as far north as the Kootenay Plains and Jasper. 

Soils Black to dark gray chernozems that are typical under grasslands are 
predominant throughout this subregion. However, significant occurrences of 
brunisols and luvisols are found on valley bottoms and sides. Regisols are 
common adjacent to rivers, on floodplains and on unstable slopes. 

Elevation Elevation ranges from an upper limit of 1,850 m to a lower elevation limit of 
850 m; average elevation is 1,400 m. 
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Appendix 2. Land cover type definitions used in the assessment of grassland 
change between 1949 and 2006 (Didkowsky et al. 2011). 

 
Cover Type Description 
Grassland 1 Where at least 90% of the polygon is covered by grassland vegetation. A 

minor component, up to 9% of other land cover types, may be noted (e.g., 
shrub/tree/bare soil, water or anthropogenic). 

Grassland 2 Minimum of 80% grass cover up to 89% 
Grassland 3 Minimum of 60% grass cover up to 79% 
Grassland 4 More grassland than any of the other land cover types but less than 60% 

grass cover. In case of a tie between grassland and other cover types (e.g., 
grasscov 40%, shrubcov 40%, forestcov 10%, soilcov 10%), the polygon is 
classified as Grassland 4. 

Shrub At least 50% shrub and less than 50% grassland. Heights of shrubs are 
included. 

Forest At least 50% forest and less than 50% grassland. Leading species are noted 
as well as estimated height class. The proportion of coniferous to 
deciduous is also recorded. For example, D80C20 indicates 80% deciduous 
and 20% coniferous.  

Tame pasture and 
crop  

Where fields are clearly not native grassland, they are captured and 
labelled as tame pasture or crop; 5 ha minimum polygon size 

Anthropogenic 
(e.g., gravel pit, 
mine) 

To capture non-cultivation anthropogenic features, this type includes 
confined feeding operations, gravel pits, mines, etc. This type has a 
minimum size of 1 ha in the case of well pads and 2 ha for other 
anthropogenic types.  

Cutblocks Delineated and given a label “cutblock.” Unless a cutblock is associated 
with the edge of the forest in an agricultural area, it is considered unlikely 
that the change is permanent. Where it is thought that a clear-cut is in fact 
a “permanent” conversion to crop or pasture or settlement or grassland, it 
is attributed as per those types. 

Roads Captured as centrelines if they are not in the roads GIS layer and assigned 
a type (primary, secondary or tertiary).  

Settlements Delineated clusters of houses and or farm buildings 5 ha minimum in size. 
This type typically may include some grassy areas, trees, shrubs and roads 
associated with farmsteads and settlements. 

Base-feature (BF) 
hydro polygons 

Current BF hydrography guidelines are followed for the capture of any 
missed BF hydro polygons in the current BF hydro polygons coverage. 
BF hydro polygons are captured on the 1949 imagery following the 
current guidelines to allow for comparison and show any changes due to 
changes in watercourses. 
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