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Executive Summary 

Background 
The Ghost Watershed Alliance Society (GWAS) has completed this State of the Watershed 
(SOW) report as an initial step in watershed management planning in the Ghost Watershed. The 
purpose of this report is to provide an objective, scientifically-based overview of available data 
and information to assess the current condition of the watershed. In addition to providing an 
overview, this report outlines current data and knowledge gaps, and provides recommendations 
on ways to improve our understanding of the watershed. The completion of this report was 
collaborative in nature, with input from several individuals and organizations. 

Watershed Overview 
The Ghost Watershed is a special place. Situated along the Eastern Slopes of the Rocky 
Mountains, west of the City of Calgary, Alberta, the Ghost River and its tributaries flow through a 
diverse landscape, eventually discharging into the north arm of the Ghost Reservoir where it flows 
into the Bow River at the site of the Ghost dam. The gradual eastward decrease in elevation and 
slope defines this watershed, corresponding with changes in geology, soils, climate, vegetation 
and human use, all of which change along this west to east gradient. These gradual changes 
determine the numerous natural subregions represented within the Ghost Watershed, including 
Alpine, Subalpine, Montane, Upper and Lower Foothills, and Foothills Parkland, which provide a 
complexity that supports biodiversity. Generally, the biota in the watershed is rich and diverse, 
with a variety of wildlife, fish and plant populations. 

The Ghost Watershed is one of the most scenic landscapes in Alberta, and people have lived 
here for thousands of years. More than 100 years ago, the Canadian government recognized the 
importance of the Eastern Slopes watersheds as the source of water for the prairie region. In 
1910, they established the Rocky Mountains Forest Reserve for the maintenance of timber and a 
continuous water supply. Today, the watershed is sparsely inhabited with only three higher 
density developments. Although there are few full-time residents, many visitors enjoy camping, 
hiking, rock and ice climbing, hunting, fishing, horseback riding, wildlife watching and off-highway 
vehicle (OHV) use. Large portions of the upper reaches of the Ghost Watershed are protected 
from development and OHV use, including the Ghost River Wilderness Area and Don Getty 
Wildland Provincial Park. However, outside of these protected areas, the land use history of the 
watershed, as well as the Ghost Arm of the Ghost Reservoir, has been one of increasing access 
and human impact, particularly by motorized recreational users.  

Summary of the current state of the Ghost Watershed 
Few measurements of air pollution exist within the Ghost Watershed. However, the evidence that 
is available suggests that air quality is generally excellent. Measurements of nitrogen dioxide, 
sulphur dioxide and ozone were all well below thresholds set by Alberta's ambient air quality 
objectives. Levels of emissions of carbon monoxide, particulate matter and carbon dioxide have 
not been measured within the watershed. Levels of these pollutants in the City of Calgary 
generally meet air quality standards, which suggest that the Ghost Watershed, with less 
urbanization and fewer sources of emissions, should meet these standards easily as well. 
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One of the critical indicators used to assess the state of the watershed is streamflow, as this 
represents an integration of climate, geology and land use. Streamflow contribution in the Ghost 
River is dominated by snowmelt. Streamflow in rivers and creeks within the watershed is low in 
winter when most water is stored as snow, particularly at higher elevations, and peaks in late 
spring as snowmelt and rainfall runoff. In addition to providing high volumes of water in the spring, 
much of the snowmelt recharges groundwater in aquifers, which then plays a substantial role in 
feeding flow in streams and rivers throughout the late summer, fall and winter.  

Surface water within the Ghost Watershed currently is not highly allocated to human uses. Until 
the flood of 2013, the largest commitment of water was a diversion to Lake Minnewanka for 
hydroelectric power generation. On average, the volume of water diverted was equal to 
approximately 63% of the water in the upper Ghost River, and 22% of the streamflow volume in 
the watershed as a whole. Groundwater use is considered to be low as well, with groundwater 
allocations (excluding household wells) representing only 0.04% of total water licences in the 
watershed. Furthermore, the allocations pertaining to groundwater wells are located in areas of 
the watershed that provide sufficient groundwater yield. From this we can assume that 
groundwater use in the watershed is sustainable. That said, groundwater resources in the valley 
bottom and headwaters of the watershed are highly vulnerable. Fortunately, this is a region with 
relatively little groundwater well development.  

Water quality is equally as important as water quantity given that water quality provides an 
indication of the health of the watershed. Water quality in the Ghost Watershed is generally 
healthy, with an overall rating for all indicators as “Natural” to “Good”. However, some water 
quality indicators showed water quality conditions may be deviating from natural levels. In 
particular, water clarity appears to be degraded in Waiparous Creek. Past water quality studies 
have attributed this sedimentation issue to anthropogenic causes (Andrews 2006); however, at 
this time it is uncertain whether this is human induced or naturally occurring. Fecal coliform and 
Escherichia coli (E. coli) levels also exceeded thresholds of concern within the lower reaches of 
the watershed, specifically at Benchlands. In almost one out of every four measurements, fecal 
coliform levels exceeded safe thresholds, as defined by the provincial water quality guidelines for 
the protection of agricultural water uses, suggesting that the problem is persistent at this site and 
most likely requires further attention. Dissolved oxygen levels appeared to be adequate for most 
species, including spring mayflies, but were considered too low for larval fish in all sample periods 
in Waiparous Creek. This suggests there may be a long-term issue for larval fish habitat in these 
specific locations in the Ghost Watershed. However, these general water quality ratings may not 
accurately reflect habitat quality, since fish habitat is highly variable from place to place.  

Riparian areas and wetlands are critically important for the maintenance of watershed health. The 
most recent publicly available assessments of riparian health in the Ghost Watershed took place 
during 2010 within the Waiparous Creek sub-basin and 2011 within the remainder of the 
watershed. The sites assessed in the Waiparous Creek sub-watershed were in generally good 
health, with a few areas of moderate to severe degradation, particularly on Johnson and Meadow 
creeks, and largely as a result of OHV activity. In addition, the “Aura Wetland” at the headwaters 
of Aura Creek (AUR3) was rated healthy but with problems largely due to impacts by livestock. 

Most of the sites sampled along the Ghost River and its tributaries were rated healthy. Of note, 
the area immediately downstream of the Ghost River diversion, although rated healthy, exhibited 
much less tree cover relative to the other Ghost River sites. In addition, there is a back channel 
near Benchlands which has been altered by a berm and steep riprap. Less severe problems 
occurred at one site on Baymar Creek where livestock grazing appeared to be contributing to an 
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excess of invasive and disturbance-associated plants, and near the confluence with the Ghost 
Reservoir, where the channel has shifted, leading to bank instability and an increase in invasive 
plants.  

The Ghost Watershed is home to several important fish and wildlife species, in addition to several 
rare plant species. While species at risk indicators suggest that biodiversity is relatively high, it is 
likely that certain populations will decline in the future. Westslope cutthroat trout have been found 
in the Waiparous Creek headwaters, with hybrid populations documented. Habitat loss presents 
a real threat to westslope cutthroat trout populations. Bull trout are also considered at high risk 
within the Ghost Watershed and recovery potential is low. This could be due to the dominance of 
invasive fish species (e.g., brook trout) in the watershed, cumulative impacts threatening bull trout, 
including habitat loss and degradation, and possibly poaching or historic overfishing. In addition 
to altered habitats, the Ghost Watershed is within a whirling disease infected area. This disease 
affects salmonid fish and can result in high juvenile fish mortality. Invertebrate communities in the 
Ghost Watershed indicate a healthy aquatic ecosystem with a high presence of pollution-
intolerant species. The grizzly bear is a keystone indicator species and has been documented at 
multiple locations within the watershed despite moderate human presence. The presence of 
grizzly bears is often indicative of a healthy ecosystem containing large patches of undisturbed 
habitat; therefore, it is important to maintain their populations in the face of increasing human 
presence and habitat fragmentation. 

Pressure from disturbance, such as habitat fragmentation and spread of invasive species, is 
generally rated as low in the Ghost Watershed. Native vegetation cover is high at 85%. Despite 
these promising indications of good ecological health, road densities, specifically, have 
approached levels at which grizzly bears will be significantly displaced and bull trout populations 
are at high risk. Residents and visitors express serious concern over the growing use of the area 
by OHVs and associated random camping. This use is driven by an extensive trail and road 
network that is largely undesignated, including new trails created by users. There is a lack of 
enforcement, an apparent lack of public education regarding the significant negative influences 
OHV use can have on the environment, and perhaps a lack of willingness on the part of some 
users to respect the rules. In addition, a high density of roads and trails immediately adjacent to 
streams poses substantial risk to riparian and aquatic habitats, and ultimately downstream water 
users. 

Other significant land uses in the watershed include livestock grazing, forestry, oil and gas 
extraction, hunting and fishing. A small amount of crop production and a few gravel pits occur, 
mostly in the lowland eastern portions of the watershed. The current extent of logged cutblocks 
is estimated to be 3% of the watershed (5.7% of the forested area) or approximately 31.4 km2. 
The majority of this harvest has occurred since 2007. There are a minor number of cutblocks from 
private logging in the watershed as well. Oil and gas activities have resulted in approximately 4.5 
km2 of disturbed area in the watershed, mostly from linear developments.  
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Recommendations 
Broad and specific recommendations were made throughout the document with the primary 
objective to understand and monitor changes in watershed condition. Additionally, 
recommendations for further study have been made to improve our knowledge of the Ghost 
Watershed. Recommendations are as follows: 

Air Quality 

■ Install a continuous air quality monitoring station in the Ghost Watershed to provide the 
necessary data to conduct meaningful analyses concerning air quality in the watershed. 

Surface Water Quantity and Allocation 

■ Install hydrometric monitoring sites in the headwaters of both the North and South Ghost 
rivers in order to improve our understanding of the current and future hydrologic conditions 
of the watershed. 

■ Conduct a comprehensive wetland inventory in the Ghost Watershed, as these areas 
provide important hydrologic and ecosystem functions. 

■ Endeavour to better understand the role of land use and climate change and their 
associated effects on hydrology. 

Surface Water Quality 

■ Continue water quality monitoring at spatially representative sites within the watershed, 
ideally close to established Water Survey of Canada streamflow gauges. Continuous 
water temperature and conductivity sensors should also be installed at these sites.  

■ Calculate pollution load using hydrologic data from nearby Water Survey of Canada 
stations. 

■ Conduct further assessment into the sources of erosion and carry out a study to 
understand the role of human land use relative to natural sediment inputs. 

o This study should involve installing continuous turbidity sensors, or increasing the 
number of periodic measurements to better understand seasonal and annual 
variations. 

■ Conduct further investigations to identify the source of fecal coliform inputs to the 
watershed, particularly since these were measured at Benchlands.  

o This investigation should take into account both surface water inputs as well as 
groundwater leaching. 

■ Perform aquatic invertebrate sampling (as per the Canadian Aquatic Biomonitoring 
Network protocols) at sites within the Ghost Watershed, and use Ephemoptera, 
Plectoptera and Trichoptera (EPT) ratios as a proxy for water quality. 
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Groundwater  

■ Collect more detailed spatial data concerning aquifer location and depth (or summarize 
from existing information). 

■ Update groundwater quality datasets with current samples to provide a better 
understanding of the present groundwater condition. 

■ Create a long-term monitoring plan to survey the state of groundwater in the Ghost 
Watershed to enable better management in the face of a changing climate and increased 
anthropogenic pressure. 

Riparian Health 

■ Implement measures to decrease the spread of invasive species, such as minimization of 
exposed soil and maintenance of native plant communities. 

■ Discourage livestock from entering riparian areas through improved range management. 

■ Take management action to avoid further riparian degradation from recreational use, since 
recreational impacts to riparian areas appear to be prevalent. 

■ Conduct monitoring of the existing riparian health sites every three to five years to provide 
information on trends in riparian health, especially due to the importance of water quality 
to downstream water uses.  

o If feasible, adding additional sites is recommended, particularly in areas where 
recreational and industrial activity is prevalent. 

■ Obtain riparian health assessment results from the Rocky Mountain Forest Range 
Association or individual allotment holders, as applicable. 

■ Focus environmental management on areas where trends in riparian health are 
decreasing. 

■ Improve our understanding of the current condition of wetlands in the watershed and the 
impacts of land uses in adjacent uplands. This understanding would help promote the 
maintenance of these important systems. 

Biodiversity and Wildlife Resources 

■ Conduct spatially representative and scientifically sound wildlife surveys at a frequency to 
properly estimate species abundances and distributions. 

■ Develop rating classes for biological indicators to help understand the current state of the 
watershed. 

■ Carry out regular habitat surveys to monitor the change in habitat cover (e.g., old growth 
forest and native grassland). 
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■ Monitor native fish populations’ response to invasion from brook trout and rainbow trout. 

■ Prevent loss and degradation of habitat of westslope cutthroat trout, bull trout and 
spoonhead sculpin through proper land management. 

■ Quantify the effects of habitat fragmentation on keystone species (grizzly bear) and 
species at risk (e.g., bull trout, westslope cutthroat trout). 

■ Conduct detailed vegetation inventories to quantify and document the plant diversity in the 
basin and monitor effects of invasive plant species on ecosystems. 

Land Use and Development 

■ Conduct maintenance and monitoring of private septic systems throughout the watershed 
to ensure potential contaminants are contained. 

■ Collect additional water quality data upstream and downstream of the Rocky Mountain 
Cadet Training Centre to determine if there are any concerns, given that the lagoon is 
located in close proximity to Waiparous Creek. 

■ Conduct a detailed analysis of linear features within the Ghost Watershed. 

■ Employ a holistic land use management approach that considers each individual 
land use within the context of all of the other land uses. 

o This should include assessment of timber harvest levels at smaller spatial scales. 

■ Encourage operators on public lands to ensure that all of their data are available to the 
public in a transparent manner. 
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1. Introduction 
The Ghost Watershed is situated west of the City of Calgary and just east of Banff National Park. 
It is the northernmost of five sub-basins of the Bow River Basin upstream of major population and 
economic centres in southern Alberta. The North Ghost River originates at the headwaters of the 
Rocky Mountains near Mt. Oliver and flows generally eastward where it meets up with the South 
Ghost River and further downstream with Waiparous Creek. Below the confluence with Waiparous 
Creek, the Ghost River flows into a lower canyon and eventually discharges into the north arm of 
the Ghost Reservoir where it flows into the Bow River at the site of the Ghost Hydroelectric 
Development (Ghost dam). The Ghost Watershed is 947 km2 in size and contains one of the most 
scenic landscapes in Alberta (Figure 1), making it a very popular area for recreation. 
Approximately 78% of the Ghost Watershed is Crown land, including portions of the Rocky 
Mountains Forest Reserve, Don Getty Wildland Provincial Park and the Ghost River Wilderness 
Area. Visitors can enjoy camping, hiking, rock and ice climbing, hunting, fishing, horseback riding, 
wildlife watching and off-highway vehicle (OHV) use. Generally, the biodiversity of the watershed 
is quite rich with a variety of wildlife, fish and plant populations. However, the watershed is 
vulnerable to impacts from humans and therefore proper watershed management is necessary to 
keep these impacts at bay in order to maintain the ecological integrity of the entire Ghost 
Watershed, from its headwaters to the confluence with the Bow River. 

 
Figure 1. Wetland and mountains in the Ghost Watershed (photo credit: M. Krainer). 
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Cumulative effects from human land uses are increasingly placing stress on the Ghost 
Watershed. Proper management and planning of suitable, sustainable land uses needs to be 
employed by all stakeholders within the watershed, including municipalities, provincial 
government, First Nations, industry, private citizens and non-governmental organizations, in order 
to maintain a healthy ecosystem. 

The vision of the Ghost Watershed Alliance Society (GWAS) is to “preserve and enhance the 
integrity of the ecosystem” in the Ghost Watershed (GWAS 2018a). Established in 2002, the 
GWAS aims to develop a science-based understanding of the watershed. As such, the GWAS 
has commissioned several scientific reports concerning cumulative effects, an ecosystem 
analysis and riparian health. As a Watershed Stewardship Group (WSG) under the Alberta 
government's Water for Life Strategy, producing a state of the watershed (SOW) report provides 
the basis for developing effective management strategies to meet watershed goals. GWAS 
believes this to be an important project to undertake. 

The purpose of a SOW report is to provide “a compilation and scientific interpretation of existing 
available watershed information and data, leading to conclusions about the condition of the 
watershed” (Alberta Government 2008a). More specifically, the Ghost River SOW report is to act 
as an objective tool that uses available data to assess the condition of the Ghost Watershed, and 
to identify any present concerns and any factors that are contributing to these areas of concern. 
This SOW report will identify data gaps and act as the first phase in the development of a 
watershed management plan for the Ghost Watershed. 

The Ghost River SOW report describes the current state of the Ghost Watershed, in terms of 
socio-economic history and condition; air quality; surface water quantity and allocation; surface 
water quality; groundwater; riparian health; biodiversity and wildlife resources; land use and 
development; and existing plans, programs and watershed stewardship. Each topic will be 
addressed in its own chapter. Only the common names of plant and wildlife species are used 
throughout the document. Common and scientific names are provided in Appendix A. 
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2. The Ghost Watershed 

2.1 Overview 
The Ghost Watershed comprises the portion of the east slopes of the Rocky Mountains of Alberta 
that is drained by the Ghost River. The North Ghost River drains the northwestern portion of the 
watershed, with the headwaters near Mt. Oliver in the Ghost River Wilderness Area. The South 
Ghost River drains the southern portion of the watershed, joining with the Ghost River near the 
Rocky Mountains Forest Reserve border. Another major tributary, Waiparous Creek, drains the 
northeastern portion of the watershed and discharges into the Ghost River in the Summer Village 
(SV) of Waiparous (Figure 2).  

 

Figure 2. Study area map of the Ghost Watershed. 
 

Water from the Rocky Mountains flows generally eastward from the high alpine zone down 
through forested slopes and lower foothills. From there, the water moves out onto gentler grassy 
valleys via a deeply incised lower canyon to the Ghost River's confluence with the Bow River at 
the Ghost Reservoir, the lower boundary of the Ghost Watershed.  The Ghost dam flooded the 
lower reach of the Ghost River, forming the "Ghost Arm". The water released from the reservoir 
then flows through the Bow River to where it meets the South Saskatchewan River and on to 
Lake Winnipeg, ultimately ending up in Hudson’s Bay. This larger river system provides water to 
several downstream communities, including the City of Calgary (Figure 3). 
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Figure 3. Ghost Watershed location within the South Saskatchewan River Basin. 

This topographic gradient, running roughly west to east, largely determines the physical and 
biological characteristics of the Ghost Watershed. The gradual eastward decrease in elevation 
and slope corresponds with changes in geology, soils, climate, vegetation and human use, all of 
which also change predictably from west to east.  

Most of the Ghost Watershed falls within the Rocky Mountain Natural Region, which 
encompasses Alpine, Subalpine and Montane natural subregions (Natural Regions Committee 
2006). Almost all of the remainder is within the Foothills Natural Region, and only a small corner 
of the watershed lies within the Parkland Natural Region. The Alpine Natural Subregion is largely 
above tree-line, and vegetation is dominated by cushion plants and small shrubs, with occasional 
dwarf trees in protected sites. The Subalpine Natural Subregion features forests of spruce, fir and 
pine, while the Montane Natural Subregion is dominated by forests of mixed conifers, aspen and 
balsam poplar. Vegetation cover in the Foothills Natural Region largely consists of lodgepole pine 
or mixedwood forests, with black spruce on wetter soils and grassland on south- and west-facing 
exposures (Natural Regions Committee 2006).  

The majority of the Ghost Watershed, including the Rocky Mountains Forest Reserve, Don Getty 
Wildland Provincial Park and the Ghost River Wilderness Area, lies within the “green area” of the 
province of Alberta, and is thus largely under the jurisdiction of the provincial government. Some 
local services within the green area are provided by the Municipal District (MD) of Bighorn No. 8, 
such as emergency response. The MD administers much of the “white area” of the watershed, 
including the communities of Ghost River Country Residential Subdivision (hereafter referred to 
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as Ghost River Subdivision) and the Hamlet 
of Benchlands. The SV of Waiparous has its 
own administration as an incorporated 
village. About 8% of the watershed is 
administered by the Stoney Nakoda First 
Nation under the authority of Treaty 7.  

2.2 Topography 
The topography of a watershed refers to the 
shape and physical features of the land 
surface, which reflect the region's geology. 
Within the Ghost Watershed, the western 
portion is dominated by rugged mountains 
and steep sided ravines of the Eastern 
Slopes of the Palliser and Fairholme Ranges 
of the Rocky Mountains. East of the 
mountains, most of the watershed consists of 
gently sloping valleys with relatively flat 
bottoms containing meadows and 
grasslands. Elevations range from 3,163 m at 
the summit of Mt. Aylmer, to 1,190 m at the 
confluence with the Bow River near the 
mouth of the Ghost Reservoir (Figure 4). 

 
Figure 4. Topographic variation of the Ghost Watershed displayed as 
elevation in metres (m) above sea level. 

Since 1948, Alberta has been divided into 
two main areas, the “green area” (58%) and 
“white area” (42%). The white area (settled 
portion) consists of the populated central, 
southern and Peace River areas of the 
province. The green area (forested portion) 
includes most of northern Alberta as well as 
the mountain and foothills areas along the 
province’s western boundary. In the green 
area, public lands are managed for timber 
production, watershed, fish and wildlife, 
recreation, energy development and other 
uses. Agricultural use is limited to grazing 
where it is compatible with other uses 
(AESRD 2011b). 

GREEN AND WHITE AREAS 
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Gradients are steeper in the higher elevation areas of the Rocky Mountains and shallower in the 
lower elevation areas of the Montane and Foothills natural subregions (Figure 5). These gradients 
govern the way streams and rivers form. Steep slopes make it difficult for water to infiltrate into 
the ground and for vegetation to establish; therefore, steep areas are often erosional. Moderate 
slopes are typically areas where sediments are transported through the system, while gradual 
slopes allow for more established vegetation and infiltration, and form depositional areas. 

 
Figure 5. Elevation range in the Ghost Watershed of the three main water courses, 
including the South Ghost River, North Ghost River and Waiparous Creek. 
 

2.3 Natural Regions 
In Alberta, an ecological classification system defining natural regions and subregions has been 
used in planning resource management activities since the 1970s (Natural Regions Committee 
2006). Natural regions are ecological units used to broadly define regions geographically based 
on climate, physical features, soils and vegetation (Natural Regions Committee 2006). Each 
natural region is further classified into subregions, which are characterized by climate, elevation, 
latitudinal or physiographic differences, and vegetation within a given natural region. The Ghost 
Watershed is represented by three natural regions and six subregions (Figure 6).  
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Figure 6. Natural regions and subregions in the Ghost Watershed. 
 

The Rocky Mountain Natural Region covers 83% of the watershed and includes the Alpine (21%), 
Subalpine (21%) and Montane (41%) natural subregions (Figure 7). The Alpine Natural Subregion 
consists of the cold, wet and treeless highest elevation areas, while the Subalpine Natural 
Subregion includes the forested middle elevations of the Rocky Mountains. The Montane Natural 
Subregion consists of lower slopes with warmer, drier, forest-grassland landscapes (Natural 
Regions Committee 2006).  

The Foothills Natural Region represents 16.9% of the watershed, comprised of Upper (15.5%) 
and Lower (1.4%) Foothills natural subregions (Figure 7). The Upper Foothills Natural Subregion 
is characterized by closed canopy conifer stands on rolling to steeply sloping terrain, while the 
Lower Foothills Natural Subregion is distinguished by a climatic transition area and rolling, till -
covered plateaus forested by mesic, closed canopy mixed stands (Natural Regions Committee 
2006).  

The Parkland Natural Region is represented in the southeast corner of the watershed by the 
Foothills Parkland Natural Subregion, comprising approximately 0.1% of the land area (Figure 7). 
It consists of rolling to hilly native grasslands on southerly slopes and aspen woodlands or willow 
shrublands in low-lying areas or on northerly slopes (Natural Regions Committee 2006).  



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

8 

 
Figure 7. Relative proportions of the natural subregions in the Ghost Watershed. 

 

The classification of these regions provides a clear and distinguishable boundary for other 
landscape features to be discussed. Throughout the rest of this chapter reference will be made 
to these regions. 

2.4 Bedrock Geology 
The Ghost Watershed is dominated by sedimentary rocks. Sedimentary rocks are formed as 
eroded particles and fragments of solid material which are deposited in basins over extensive 
periods of geologic time. In general, the sedimentary rocks seen in the Ghost Watershed can be 
broadly divided into two different types, carbonates and clastics. Carbonates are comprised of 
limestones and dolomites that originate as calcium carbonate secretions from sea creatures, 
primarily as platforms and reefs, while clastics are weathered fragments of older rocks deposited 
in basins and on paleo shore faces that have been consolidated under pressure, and cemented 
or lithified into sedimentary rocks. Common clastic rocks seen in the Ghost Watershed are 
sandstones, shales and conglomerates. The bedrock geology of the Ghost Watershed reflects 
several large-scale movements of the earth’s crust. This bedrock was formed many millions of 
years ago, before and during the rise of the Rocky Mountains, spanning two major geologic eras, 
the Paleozoic and Mesozoic Eras (Figure 8). 
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Figure 8. Geologic timeline (source: slideshare.net). 

 

The Paleozoic Era (542 to 252.2 million years ago (mya)) was a time when separate continents 
from the early earth came together to form the supercontinent of Pangea. Six geologic periods 
occurred during this era, including the Cambrian, Ordovician, Silurian, Devonian, Carboniferous 
(Mississippian and Pennsylvanian) and Permian. The Paleozoic Era ended with the Permian 
extinction, the largest well-documented mass extinction in earth’s history (Levin 2006).  
 
The Mesozoic Era (252.2 to 65.5 mya) featured significant tectonic activity, including the gradual 
rifting of Pangea into separate landmasses and the eventual formation of the Rocky Mountains. 
Three periods occurred during this era, including the Triassic, Jurassic and Cretaceous. The 
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Mesozoic Era closed with another major extinction event, the Cretaceous mass extinction, which 
eliminated the dinosaurs and many other animals (Levin 2006). 

A number of different geological units from these two eras make up the bedrock of the Ghost 
Watershed. The section below describes the location and composition of these geological units 
within the watershed.  

Bedrock at the highest elevations in the Ghost Watershed is composed of limestone, dolomite 
and shales of Upper Devonian age. The Upper Devonian is exposed extensively across the alpine 
areas of the watershed.  

Cambrian aged rock is the oldest rock (542 to 488.3 mya) in the Ghost Watershed and is also 
found in the alpine areas of the watershed as well as at lower elevations. It is composed of 
quartzite, sandstone, shale and limestone. Black Rock Mountain has good examples of exposures 
of Cambrian rock.  

The Brazeau Formation is an Upper Cretaceous (99.6 to 65.5 mya) continental sequence from 
the Mesozoic Era found in the central and eastern areas of the Ghost Watershed. This formation 
is non-marine, containing sandstone, mudstone and thin coal beds. In most of the watershed, this 
formation is covered with glacial till and alluvial sediments (see section 2.5), although bedrock 
exposures do occur in some places.  

The Alberta Group includes a series of related formations, including the Blackstone, Cardium and 
Wapiabi, which are found in the most downstream areas of the watershed and are also 
Cretaceous in age. All of these formations are marine in origin and are composed of either shale 
or sandstone with siltstone, limestone, coal, ironstone and clay. Like the Brazeau Formation, this 
bedrock is extensively covered by surficial geology deposits.  

The oldest bedrock of the Mesozoic Era includes geological units that date to the Lower 
Cretaceous, Jurassic and Triassic periods (251 to 99.6 mya). Composed of siltstone, limestone, 
dolomite, breccia and gypsum, this bedrock only makes up a small portion of the watershed. The 
type of building stone quarried in the Canmore area called Rundle stone or Rundle rock also is 
found in outcrops in the Ghost Watershed. It is somewhat misnamed since it is Triassic Period in 
age and does not belong to the Devonian Rundle Group. 

Many factors have influenced and shaped the Ghost Watershed, but two have significantly 
dominated the formation of the modern landscape. These are the Laramide orogeny and a 
succession of glacial periods, the last being the Pleistocene glaciation that ended roughly 11,000 
years ago, putting the finishing touches on the landscape that we see today. 

The Laramide orogeny is responsible for the folding and thrusting of rock layers in western 
Canada approximately 80 mya. In southwestern Alberta, the front ranges and foothills are part of 
this fold-and-thrust belt and as such are an expression of the tectonic forces that were active 
during the Laramide orogeny. This tectonic event was the dominant landscape-shaping force in 
the Ghost Watershed. During that period of geologic history in North America, the ancient 
continental shelf experienced tremendous compressional forces that buckled and folded the more 
pliable rocks, while more brittle rocks broke along fault lines and were over-thrust towards the 
northeast, with displacements of several hundred kilometres in some instances. A diagram of 
over-thrusting activity can be seen in Figure 9. The most important thrust fault expressed in the 
Ghost Watershed is the McConnell thrust that strikes northwest to southeast along the eastern 
front of the Fairholme Range. Today the front ranges of the Rocky Mountains in the Ghost 
Watershed express more brittle Paleozoic limestones and dolomites as cliff-forming units and 
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some recessive shale sequences west of the McConnell thrust. East of the McConnell thrust, the 
compressional forces were less intense, and the rocks bent and folded, forming the Mesozoic 
sandstones, conglomerates and shales of the foothills of the watershed (B. Motherwell, pers. 
comm.).  
 

 
Figure 9. Diagram of geologic over-thrusting (source: nps.gov/parkhistory/). 

 

2.5 Surficial Geology 
The Pleistocene glaciation had a strong influence on shaping the modern landscape of the Ghost 
Watershed. Steep alpine valleys were carved out by the glacial advance, while during the post-
glacial melt era, the retreating glaciers deposited till, kames and moraines throughout the valley. 
The Wisconsin Cordilleran glacier started as a series of steep valley glaciers in the Rocky 
Mountains at approximately 2,600 m elevation. As these glaciers flowed downslope they 
coalesced to form major foot-glaciers in the relatively flat plains of the foothills (Reimchen and 
Bayrock 1977). In some places, evidence of earlier glaciations may also remain beneath surface 
materials or between major river valleys. Small nunataks, exposed bedrock not covered with ice 
during glaciation, may also be found on the landscape. There are several types of glacial deposits 
prominent in the Ghost Watershed (Figure 10). The organic deposits in the watershed originate 
from plants and trees that have decayed since the end of the last glaciation. 
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Figure 10. Surficial geology of the Ghost Watershed. 
 

2.5.1 Deeply, Moderately and Slightly Leached Till, Cordilleran Provenance 
Much of the central and downstream reaches of the Ghost River are composed of blankets of 
unsorted materials deposited directly from glaciers. Unsorted materials have lots of pore space 
and easily transport and store water. These tills, which can be seen, for example, in the Upper 
Foothills and Montane natural subregions, are composed of carbonates and quartzites as a result 
of the glaciers flowing over the Paleozoic formations of the Rocky Mountains. Leaching refers to 
the loss of water-soluble minerals due to rainfall. Over time, rainfall has leached away carbonate 
minerals to a greater or lesser extent (Reimchen and Bayrock 1977).  

2.5.2 Kames, Kame Terraces and Kame Moraines 
Any raised feature composed of sediments deposited by glacial melt water (glaciofluvial 
sediments) is classified as a kame. Kames are composed primarily of well-rounded glaciofluvial 
gravels and in some locations contain silt, till and rubble. Kame deposits, such as those visible 
near the North Ghost River in the Montane Natural Subregion, are commonly poorly sorted, as 
these deposits include not only materials from flowing water, but also glacial debris from slumping 
and mud flows on the surface of the glacier. This heterogeneous composition often makes these 
deposits economically undesirable for gravel extraction.   
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2.5.3 Outwash Plains 
Areas that are relatively level, not bounded by topography, and covered with glaciofluvial deposits 
are classified as outwash plains. Good examples can be found within the Ghost Watershed in the 
Montane and Upper Foothills natural subregions. Outwash plains are composed of rounded 
pebbles and cobbles ultimately derived from the Paleozoic formations further upstream. Sands 
and silts formed the last depositional phase of these plains. Although the gravels within these 
plains are glacial in age, they are often overlain by sands and silts deposited by post-glacial fluvial 
processes. 

2.5.4 Post-Glacial Fluvial Processes 
In the post-glacial landscape of the Ghost Watershed, rivers and streams act as conduits not only 
for water, but also for sediment (alluvium). Rivers are naturally in a state of dynamic equilibrium. 
This balance is controlled by gradient, flow volume, sediment volume and sediment size. As water 
flows over the ground surface and the stream channel, it suspends sediment and transports it 
downstream. Sediment types within the watershed include predominantly coarse types, such as 
gravel and sand, with some fine sediment types as well, such as silt and clay. The coarse types 
that are too heavy for suspension within the water column roll along the river bed and comprise 
the bedload, while the fine types are suspended within the water column and comprise the 
suspended load. Coarse and fine stream alluvial deposits (sediment types) are found along the 
Ghost River and Waiparous Creek, as well as other streams in the watershed (Figure 11). 

 
Figure 11. Ghost River alluvial deposits (photo credit: M. Krainer). 
 

Alluvial deposits can also present challenges, particularly in systems where the dynamic 
equilibrium is disrupted. Dams on fluvial systems interrupt the natural dynamic equilibrium when 
moving water is impounded and loses velocity. As the velocity diminishes in a reservoir, bedload 
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transport also diminishes, and solid material drops out of suspension. Generally, the largest and 
densest material drops out furthest upstream and the smaller least dense material drops out 
further downstream. The majority of this material can occupy “live” reservoir storage volume 
formerly available as water storage capacity. To our knowledge, this volume of lost reservoir 
storage has not been quantified and remains a data gap that is important to reconcile given that 
the Ghost Reservoir provides key flood damping capacity upstream of several major population 
centres (Figure 12).  

 

Figure 12. The Ghost Arm during the June 2015 drawdown, showing sediment deposits 
grading from cobble and gravel at the upstream end to sand, silt and flocculated clays at 
the toe (photo credit: B. Motherwell). 
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2.5.5 Alluvial Fans and Aprons  
Alluvial fans are accumulations of sediment where steep-gradient streams from mountainous 
terrain emerge into larger, lower-gradient streams. As the water slows due to lessening gradient, 
it deposits some of its sediments in a fan or cone shape. These deposits are very permeable and 
composed of angular and sub-rounded gravels. These limestone and quartzite gravels are 
derived from the Paleozoic and Mesozoic formations. These deposits in many cases overlie 
previous glacial deposits such as outwash plains in the valley areas. A series of individual fans 
that have coalesced are called aprons.  

 

The Bow River has been dammed at the terminus of the Ghost Watershed near its confluence with the 
Ghost River since 1930. The Ghost dam reduces the stream slope variable to zero causing the 
accumulation of sediment ranging in size from large cobbles and boulders to silt, sand and gravel. 

During low reservoir drawdowns in May, June and early July, significant accumulations of topset and 
bottomset bed sediments can be observed in the Ghost Arm of the Ghost Reservoir.  

 
View of the reservoir topset bed looking north during 
the 2015 drawdown.  

 
A suspended sediment cloud advancing down the 
Ghost Arm after a summer thunder storm in July of 
2016.  

 
Ghost Arm, September 1934. 

  
Ghost Arm, same perspective as photo to left, on 
August 20, 2017. 
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2.5.6 Mass Movement  
Steep slopes (>15%) created by valley glaciers in the Rocky Mountains are subject to mass 
movement of sediments and rock downslope under the force of gravity and weather events. 
Weathered bedrock (colluvium) accumulates slowly at the base of steep slopes over time due to 
gravity (Figure 13). The thickness of colluvium is often highly variable in the Ghost Watershed. 
The texture and lithology of the colluvium depends on the original composition of the bedrock 
formation. Siltstone weathers into fine-grained unconsolidated silt, shale weathers into clay with 
fragments of the original shale, and sandstone weathers mainly into angular sandstone fragments 
or sand. Conglomerates may produce gravel deposits. On very steep slopes of the watershed, 
bedrock is exposed and colluvium is not present. 

 
Figure 13. Colluvium on either side of Hoodoo Hall (photo credit: A. Holcroft Weerstra). 
 

The accumulation of coarse rock debris by frost wedging at the base of cliffs is called talus, and 
is common in the upper reaches of the Ghost Watershed. Most talus in the Rocky Mountains 
originates from carbonate Paleozoic rocks. Significant reaches of the upper Ghost River 
(TransAlta diversion intake to Richards Road) form a deep canyon, drowned in aggregate that 
originated as talus. The river along these reaches disappears into the ground at lower flow 
volumes as the water flows through the aggregate. This can also be observed in the South Ghost 
River tributary. Interestingly, a geological survey has been undertaken at the Devil’s Gap along 
the North Ghost River. This geological survey involved drilling several test holes, none of which 
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encountered bedrock material, despite having drilled to a depth of 54.86 m. Groundwater was 
observed at a depth of 17.7 m at the same drilling location (TransAlta 2015). 

Rockslides can cause the rapid movement and accumulation of detached bedrock on steep 
mountainsides. These deposits are composed of very coarse, angular rocks. Rockslide deposits 
circle the entire base of Black Rock Mountain located in Don Getty Wildland Provincial Park 
(Figure 14). These deposits are rarely found in the downstream regions of the Ghost Watershed.  

 
Figure 14. Rockslide deposits on Black Rock Mountain (photo credit: A. Holcroft Weerstra). 

2.6 Climate 
Climate refers to the long-term pattern of weather for a given region. The climate of an area is 
determined by latitude, elevation, vegetation and topography. Climate is an important driver of 
the physical, chemical and biological components of the Ghost Watershed.  

The Alpine and Subalpine natural subregions of the Ghost Watershed receive the most 
precipitation. Heavy snowfall accumulates throughout long, cold winter months and the snowpack 
melts during short, cool, wet springs and summers. Snow deposition, sublimation and mid-winter 
air temperatures are strongly controlled by intense chinook winds common in this region.  

The Montane Natural Subregion experiences warmer winters and summers and frequent warm 
chinook winds. A weather station located in this subregion (at the former Ghost Ranger Station) 
reported that approximately 68% of average total annual precipitation falls as rain (Figure 15). On 
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average, June receives the most precipitation and July experiences the warmest temperatures. 
Warm mid-winter and early-spring air temperatures can produce rain on snow events causing 
rapid melting of the snowpack.  

The climate of the Foothills Natural Region is comparable to the Montane Natural Subregion due 
to relatively high elevations and proximity to the mountains. The Lower Foothills Natural 
Subregion has slightly warmer summers and colder winters than the Upper Foothills Natural 
Subregion (Natural Regions Committee 2006). Climatic conditions result in longer growing 
seasons in the Foothills compared to the Rocky Mountain Natural Region. 

It is important to note that the lack of continuous precipitation and air temperature data since 1996 
for the Ghost Watershed is a data gap.  

 
Figure 15. Average monthly air temperature and precipitation at the Ghost Ranger 
Station between 1971 and 1996 (source: Environment Canada Climate Normals). 

2.7 Soils 
The underlying bedrock and surficial geological materials make up the parent material of soils. 
Soil develops over time from these geologic materials through the influence of climate, biological 
activity and topography. Soil type determines the type of vegetation and plays an important role 
in absorbing, holding and transporting water. The organic content is an integral component of soil, 
acting as a reservoir for nutrients and water storage, while also reducing compaction and erosion.  
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Soils are classified into orders that reflect the overall nature of the soil environment and the effects 
of the dominant soil-forming processes. Table 1 and Figure 16 show the proportion of soils that 
are found in the Ghost Watershed (ASRD 2011). The following soil orders (Soil Classification 
Working Group 1998) occur in the Ghost Watershed: 

■ Chernozemic: Grassland soils whose most characteristic horizon is formed by high levels 
of organic matter additions from the roots of grasses.  

■ Luvisolic: Forest soil found in areas with parent material derived from glacially modified till 
and lacustrine sediments.  

■ Brunisolic: Forest soil whose properties are not as developed as Luvisols (and other forest 
soil types) and can be viewed as a stage in an evolutionary sequence of Luvisols.  

■ Gleysolic: Wetland soil wherever temporary or permanent water saturation occurs in the 
soil.  

■ Organic: Organic soils are frequently found in water-saturated conditions and are 
associated with the accumulation of organic materials. 

■ Regosolic: Soils found in areas were the land surface is unstable and little to no soil 
development is able to take place. 

 

Figure 16. Soil types in the Ghost Watershed. 
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Within the Ghost Watershed, soils are generally thin and poor in the high-elevation, mountainous 
western portion. Moving downslope and eastward, soils generally increase in depth and richness. 
The organic content of soil originates from generations of plants and trees that have died and 
decayed since the end of the last glaciation 11,000 years ago. It has taken so long for this organic 
content to form that in practical terms it is non-renewable. Further analysis is required to determine 
how soil organic matter is changing as a function of land use in the Ghost Watershed.   

Table 1. Proportion of soil types found in each natural subregion within the Ghost 
Watershed. Note: Tr refers to trace amounts. 

Soil Type Alpine 
(%) 

Subalpine 
(%) 

Montane 
(%) 

Upper 
Foothills 

(%) 

Lower 
Foothills 

(%) 
Parkland 

(%) 

Black 
Chernozems - - 5.0 - - 83.3 

Humic Regosols - - 0.7 - - - 
Grey Luvisol - 0.2 12.9 11.9 - - 
Eutric Brunisols 13.4 49.5 66.3 70.0 33.9 - 
Turbic Cryosols Tr - - - - - 
Gleysols - Tr 0.7 5.2 - - 
Organics - 0.2 2.9 2.0 - - 
Regosols 5.7 19.2 8.2 9.7 - - 
Undefined 80.6 29.6 0.7 - 66.1 - 
Water 0.2 1.4 2.7 1.2 - 16.7 
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2.8 Land Cover 
Each of the dominant five natural subregions in the Ghost Watershed supports a distinctly 
different mix of plant communities (Figure 17). These communities result from the consistent 
differences in topography, climate, geology and soils discussed in previous sections of this 
chapter. 

 
Figure 17. Vegetation cover types in the Ghost Watershed.  
Note: Cover types adapted from Derived Ecosite Phase (DEP) data via Alberta 
government open data  https://open.alberta.ca/opendata/derived-ecosite-phase. 

 

Within the Alpine Natural Subregion, these physical conditions interact in a complex and poorly 
understood way to create a highly variable plant community distribution and structure. On the 
exposed rock and thin soil-covered areas, the only plant species are alpine wildflowers and a 
stonefield-lichen complex (Figure 18). On well drained soils, low growing tussock or cushion-form 
plants occur, commonly associated with white mountain avens, bog sedge and alpine fescues. 
Woody vegetation is almost absent except for islands of dwarf trees (krummholz), and willow and 
dwarf birch communities on poorly drained soils. Unlike most other natural subregions, vegetation 
in this subregion has not been strongly influenced by wildfire (Natural Regions Committee 2006).  

 

https://open.alberta.ca/opendata/derived-ecosite-phase
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Figure 18. Mountain avens community and stonefield-lichen complex (left), and alpine 
wildflower (cinquefoil) (right) (photo credits: A. Holcroft Weerstra (left) and H. Unger 
(right). 

The Subalpine Natural Subregion is characterized by coniferous forests (Figure 19). The upper 
areas are composed of closed Engelmann spruce-subalpine fir forests which transition near the 
tree-line to include more open and sparse stands on well drained soils. The lower areas are largely 
closed fire-origin lodgepole pine forests with Engelmann spruce, subalpine fir and some 
Engelmann spruce-white spruce hybrids. The understory vegetation of these forests is highly 
variable and largely defined by tree species, elevation, climate and underlying soil type (Natural 
Regions Committee 2006).  

 
Figure 19. Subalpine forest on the Anti-Ghost ridge (photo credit: A. Holcroft Weerstra). 
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Forests and grasslands cover the landscape of the Montane Natural Subregion. Forests are 
composed of both coniferous and deciduous trees, including Douglas-fir (unique to the Montane 
Natural Subregion), white spruce, lodgepole pine, balsam poplar and aspen. These forests are 
primarily found in areas of well drained soils. Grasslands are common on south- and west-facing 
aspects with well drained soils, supporting the presence of mountain rough fescue and Parry oat 
grass (Natural Regions Committee 2006). In more downstream areas, near the communities of 
Waiparous and Benchlands, some grassland areas have been converted to annual cropland and 
tame forage pasture.  

Forests of the Upper Foothills Natural Subregion are dominated by even-aged fire-origin 
lodgepole pine stands commonly found with an understory of white spruce. Forests of the Lower 
Foothills Natural Subregion are commonly deciduous or mixedwood with aspen, balsam poplar, 
white birch, lodgepole pine and white spruce, and black spruce near bogs and wetlands (Natural 
Regions Committee 2006). Wetland shrubs are also found in this area where poorly drained soils 
are present (Figure 20). 

 
Figure 20. Wetlands and forests of the Upper Foothills Natural Subregion (photo credit: H. 
Unger). 

 
 
 
 
 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

24 

 

2.9 Hydrology  
Water is constantly in motion. Precipitation that falls as rain or snow in the Ghost Watershed 
originates in air masses that develop primarily over the Pacific Ocean. As these maritime air 
masses move east, they are forced up the western slopes of the Rocky Mountains, losing much 
of their moisture there. Relatively little rain or snow falls on the Eastern Slopes as the descending 
air warms before arriving on the prairies. Occasional air masses from the east, in contrast, move 
more freely across the prairies, delivering heavy precipitation to the foothills as the air ascends 
the Eastern Slopes. This precipitation ultimately results in streamflow. The Ghost Watershed is 
largely dominated by snowmelt with peak streamflow in the spring. In addition to snowmelt-driven 
peak streamflow, groundwater contributes large amounts of streamflow throughout the year.  

The Ghost Watershed contains 667 km of rivers and streams, with an average density of 0.7 km 
of stream per km2. The North Ghost River starts as a small headwater stream near Mt. Oliver in 
the Ghost River Wilderness Area and drains the northwesterly portion of the watershed. The 
South Ghost River drains the southern portion of the watershed and discharges into the Ghost 
River near the Rocky Mountains Forest Reserve border. Another major tributary, Waiparous 
Creek, which drains the northeasterly portion of the watershed, discharges into the Ghost River 
near the SV of Waiparous. The Ghost River then feeds into the Ghost Arm of the Ghost Reservoir. 

Ecoregions and Climate Change 
How will the ecoregions of the Ghost Watershed respond to climate change in coming decades? A 
look at the region's history provides some clues.  
Shortly after the end of the last glaciation about 10,000 years ago, the world experienced a warm, 
dry climatic period known as the hypsithermal. During this time, air temperatures were 
approximately 1.5˚C to 3˚C warmer than today. These temperatures, and the dry climate patterns 
that accompanied them, resemble those anticipated with climate change in the near future 
(Schneider 2013). 
Scientists can track how vegetation changed during the Holocene, the period since the last 
glaciation, by examining pollen grains in sediments from lakes and ponds in Alberta. The record 
shows that the Rocky Mountain and Foothills natural regions were relatively stable compared to 
the Boreal and Grassland natural regions. The evidence suggests that the following changes 
occurred during the hypsithermal, with similar changes possible during future climate warming: 

Foothills Montane Alpine and Subalpine 
Increase in pine at the expense 
of spruce at higher elevations 
and increase in the rate of fire. 
Water table declined. Lakes did 
not become saline or dry out as 
they did on the plains. 

Decline in pine and 
spruce and increase in 
open areas. Increase in 
the rate of forest fires. 

Upslope migration of white 
spruce and an upward shift in 
tree-line of up to 200 m. Most 
glaciers melted completely, but 
re-established after the 
hypsithermal. 

 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

25 

Several smaller streams also feed these major river systems, such as Spectral, Johnson, 
Meadow, Lost Knife, Robinson, Baymar and Jamieson creeks.  

2.9.1 Conditions for Extreme Flooding in the Ghost Watershed 
Flooding in the Ghost Watershed is a common seasonal occurrence. However, on occasion 
unique conditions align that cause extreme flooding in the valley. Such conditions can include 
above average snow pack, a cold spring preserving snow at higher elevations into late May and 
June, rain on snow events from a Pacific cold low, moisture-laden air masses from the Gulf of 
Mexico, westward system deflection by a high-pressure cell, or upslope conditions leading to a 
system stall on the Eastern Slopes. All of these conditions can cause large amounts of 
precipitation and/or snowmelt which results in larger than normal floods travelling down the valley. 

Water from rain and snowmelt moves downward through the earth’s surface, infiltrating and 
percolating through cracks and pores in the soil and rock until it reaches the water table, where it 
becomes shallow groundwater. Excessive rain and snowmelt can overwhelm the soil's capacity 
and produce surface flow, which flows into road ditches, creeks and other streams.  

2.10 Landownership/Administration 
Although land administration influences land use planning and development activities in 
watersheds, the boundaries of administrative units rarely coincide with natural boundaries. This 
is true of the Ghost Watershed, which is administered partly by the rural MD of Bighorn, partly by 
the Stoney Nakoda First Nation, and partly by the provincial government. There is also a small 
portion in the southeast corner of the watershed which lies in Rocky View County. 

The Ghost Watershed is almost entirely within the boundaries of the MD of Bighorn. This local 
government is responsible for the provision of municipal government services, including 
community and emergency services, infrastructure, and bylaw enforcement. Portions of the green 
area are included within this administrative region, including the Rocky Mountains Forest 
Reserve, Don Getty Wildland Provincial Park and the Ghost River Wilderness Area; however, 
they are not administered or managed by the MD of Bighorn, but rather by the provincial 
government. The white area lands, covering 17% of the watershed, contain the Stoney Nakoda 
First Nation Reserve lands, and the communities of Waiparous, Ghost River Subdivision and 
Benchlands (Figure 21).  

The Stoney Nakoda First Nation is composed of three bands, including the Bearspaw, Chiniki and 
Wesley First Nations. All three bands signed Treaty 7 with the British Crown in 1877 and were 
assigned reserve lands. Approximately 8% of the Ghost Watershed is part of the Stoney 142, 
142B, 143 and 144 Reserve. Treaty 7 established reserve areas and promised annual payments 
and continued hunting and trapping rights in exchange for secession of traditional rights as 
owners of the land. It is important to note that not all members of the Stoney Nakoda First Nation 
accept the legitimacy of Treaty 7.  
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Figure 21. Administrative boundaries in the Ghost Watershed. 
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3. Socio-Economic History and Condition  

3.1 Overview 
People have lived in the Ghost Watershed for thousands of years. Today, the watershed is 
sparsely inhabited with only three higher density developments:  

• The Hamlet of Benchlands,  

• Ghost River Country Residential Subdivision and  

• The Summer Village of Waiparous.  

Further residential development is highly restricted. Although there are few full-time residents, 
land use is substantial in the watershed and continues to evolve over time. Important land uses 
within the Ghost Watershed include forestry, ranching, oil and gas, and recreation. For further 
details on certain land uses, refer to chapter 10. In recent years, residents and other users of the 
Ghost Watershed have expressed serious concerns about unmanaged recreational use of the 
region, which is leading to ecosystem degradation, pressure on wildlife and their habitat, 
vandalism, and increased risk to road users. 

3.2 Social History 

3.2.1 Pre-settlement 
Archaeological surveys have shown that humans have inhabited what is now southern Alberta for 
about the past 13,000 years. Specifically, a site near Lake Minnewanka has been radiocarbon 
dated to show humans existed there about 10,250 years ago (Peck 2011). It has been “suggested 
that sites such as Lake Minnewanka, Sibbald Creek, and Vermilion Lakes would have provided 
good winter base camps while summer was spent in camps around small Holocene Lakes such 
as Frank Lake in southwestern Alberta” (Gryba 2001 quoted in Peck 2011:46). 

Historical records published by the MD of Bighorn show that the Bow Valley area, including the 
Ghost Watershed, was occupied for hundreds of years before European settlement (Buckle 
2011). Pictographs in the Bow Valley are estimated to be over a thousand years old, and the 
painted images predate the Indigenous communities that currently call the region home 
(Alexander and Cooper 2005).  

3.2.2 First Nations 
The people living in the Bow Valley at the time of the first European explorers were of the 
Assiniboia group of Indigenous peoples, part of the great Sioux Nation. Assiniboia is an Ojibwe 
word for the northern Sioux peoples who moved westward from woodland areas of Minnesota 
and southern Manitoba (B. Wesley, pers. comm.). The Assiniboine people of the Nakoda dialect 
migrated to what would become Alberta from the central continent around 1640 AD, and they 
were some of the first peoples to trade with the Hudson’s Bay Company (Buckle 2011). The word 
“Stoney” was used by early European traders to describe the Nakoda people who used stones 
heated in a fire to drop into broth for boiling soup or tea. To Europeans these people became 
known as the Stoney Indians. By 1790, the Assiniboia had formed two distinct groups in western 
Alberta: Mountain Stoney and Plains Stoney.  
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With the signing of Treaty 7 at Crowfoot Crossing in 1877, the Iyhe Nakoda were assigned reserve 
lands on the Eastern Slopes of the Rocky Mountains in their traditional hunting areas. Today they 
have reserve lands at Morley in the Bow Valley, at Eden Valley on the Highwood River, and at 
Bighorn on the North Saskatchewan River. The reserve land in Morley extends north from the 
Bow Valley to the Ghost River. As mentioned in section 2.10, portions of IR 142, 142B, 143 and 
144 are within the boundaries of the Ghost Watershed. The Stoney Nakoda First Nation 
comprises three bands that traditionally were extended kin groups. These are the Bearspaw, 
Chiniki and Wesley bands (Wishart 2007:35). 

3.2.3 Explorers 
Prior to the signing of Treaty 7 in 1877, David Thompson, of the North West Company, was the 
first known European to visit the region. While ascending the Bow River on horseback in the fall 
of 1800, he forded the Ghost River, which he called the “Bow Rivulet” (Thompson author, Belyea 
ed. 2007:19, 201). He camped above the confluence of the Ghost and Bow rivers where he saw 
many buffalo (Alberta Historical Society Review, Spring 1965, quoted in Turner 1977a:11). In 
1841, Sir George Simpson, explorer and administrator for the rival Hudson’s Bay Company, 
passed through the Ghost and Waiparous area, as captured in his book, An Overland Journey 
Round the World.  

The best early documentation of the Ghost Watershed comes from Dr. James Hector, a geologist 
on the Palliser Expedition. In 1858, while making side trips up tributaries to the Bow River, he 
found it “very difficult to get the carts over Deadman’s River [today’s Ghost River]” (Spry 
1995:147). Hector met Stoney Indians who gave his group “much welcome help” (Spry 1995:147). 
He returned to the watershed in December 1860 to explore the mountains northeast of Banff, and 
“he concluded – correctly – that Simpson must have used a pass known to exist close by the 
Devil’s Head. This was the gap running from the Ghost River by Lake Minnewanka to the Bow 
River at Cascade Mountain” (Spry 1995:189).  

By matching latitudes recorded in Hector’s journals with his landscape descriptions, his position 
within the Ghost Watershed can be interpreted. In December 1860, he left the headwaters of the 
Little Red Deer River and camped at the confluence of Waiparous Creek and Lost Knife Creek. 
Hector used the appellation Waiparous Creek, as known today (Palliser 1863:121).  

During his travels in December 1860, Hector recorded many physical attributes of the Ghost 
Watershed. As he studied local geology, he recognized classic fold and thrust structures as well 
as formations of shale, sandstone and limestone. Nearly 160 years ago, Hector described a 
hydrologic characteristic of the Ghost River that people still observe today. He writes, “On 
reaching that river we found it still quite open, only having small masses of ice floating in it. The 
temperature of the water was 30.4° Fah.” (Palliser 1863:121). Even in cold winter weather, several 
sections of the river do not completely freeze over because of the continual exchange between 
surface flow and ground flow (B. Motherwell, pers. comm.). Along an upper section of Ghost River, 
Hector reports, “From below the shingle terrace, and from the rocks along the river, I found many 
springs escaping, the waters from which deposit a rusty sediment and have a temperature of 35°” 
(Palliser 1863:121). Hector recognized the interconnectivity between the ground and surface 
water, prolific in the Ghost Watershed. He also observed wildlife and recounted, “The Virginian 
deer [white-tailed deer] is very abundant in this district...distinguished at any distance from its 
bounding motion, and its conspicuous broad white tail...” (Palliser 1863:121).    
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3.2.4 Early Settlement 
The first non-native settlement at the confluence of the Ghost and Bow rivers was the Morleyville 
mission founded in 1873. Reverend George MacDougall and his family founded this settlement, 
which became a regional nucleus (Johnson 1977b:72; Turner 1977a:11, 12). Surveying for the 
Canadian Pacific Railway (CPR) right-of-way took place between 1881 and 1882 (Alexander and 
Cooper 2005). The railway line was completed through the Stoney Reserve in 1883 (Binnema 
and Niemi 2006). Binnema and Niemi (2006) note a subsequent increase in fire caused by cinders 
from locomotives, and an increased number of non-native visitors followed by significant depletion 
of wildlife. 

Field notes from early surveys (1880s) in the Ghost Watershed provide important information on 
landscape and environment (Cochrane and Area Historical Society 1977). In one area, the soils 
were “in general very good, hence the grass luxuriant” (Brabazon 1888: 19). Quality timber was 
also available. Game included deer, partridges, rabbits and prairie chickens. Elsewhere the water 
was described as “clear, cold and wholesome” (Aylen 1904:20). “Speckled trout appear plentiful 
in the North Branch of the ‘Ghost River’ but in the main branch none were observed” (Miles 1904: 
21). 

As the CPR tracks progressed westward in the early 1880s, settlement followed. In 1881 A.P. 
Patrick, Dominion Government surveyor, founded the first privately owned ranch, the Mount Royal 
Ranch. He ran both horses and cattle in the watershed until he sold the ranch in 1886. For further 
discussion of early ranching, see section 3.6.5.  

3.3 Early Communities and Population  
Early settlers in the Ghost Watershed learned self-sufficiency as they lived far from population 
centres and forged their lives in the vast landscape. Over time, ranchers and homesteaders saw 
the arrival of those seeking nature in the summer months. Seasonal cabins and log dwellings 
became the start of small communities. 

3.3.1 Hamlet of Benchlands 
In the 1930s, Mrs. Wynne registered a quarter section of land as a Junior Townsite to subdivide 
into residential lots on the banks of the Ghost River (Buckle 2011). She named this section 
Benchlands, a name descriptive of its topography on the north bank of the Ghost River with three 
distinctive terraces (Johnson 1977a:308). In 1934, Guy Gibson bought the registered Junior 
Townsite from Mrs. Wynne. Guy Gibson, who served during World War I, chose the section as 
part of the program for returning First World War veterans because of its peacefulness and the 
beauty of the mountains (MD of Bighorn n.d.a).  In 1935, he subdivided what is known today as 
the middle and lower bench of Benchlands into 17 lots, and in 1941 added one more lot. The 
upper bench, also with 17 lots, was subdivided in 1955 and two more lots were added in 1956 
(Glenbow Museum 2018a). Over the years Guy Gibson built many log cabins at Benchlands, 
some of which still stand today (Johnson 1977a:308; MD of Bighorn n.d.a). Benchlands was 
initially a summer community, and only later did families begin to make their permanent homes 
there (Johnson 1977a:308; Buckle 2011). Benchlands was recognized as a hamlet in 1978 
(Sanders 2003), and according to the federal census, it had a population of 42 residents in 2011. 
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3.3.2 Summer Village of Waiparous 
The earliest dwellings in the Waiparous area were built on the north and east side of the creek, 
close to the confluence with the Ghost River. Guy Gibson built one of these original cabins in 
1936. In 1962, the Calgary Herald advertised a draw for 42 lots in the newly subdivided Crown 
land on the west side of Waiparous Creek. As 600 people responded, the first draw determined 
the order of the draw, and the second draw determined ownership of the lots. In 1986, the Hamlet 
of Waiparous became the Summer Village (SV) of Waiparous after residents opted out of 
Improvement District No. 8 governance and approved this new incorporation (Merkley et al. 1991). 
The village covers 54.2 hectares of land and comprises 68 residential lots. According to the 
federal census of 2011, Waiparous had 42 full time residents and 200 summer residents. 

3.3.3 Ghost River Country Residential Subdivision 
The Ghost River Country Residential Subdivision, established in 1991, is located immediately 
west of the SV of Waiparous on almost 30 hectares of land north of Highway 40. The development 
occurred on land that was previously leased by the Wassons for livestock grazing and hay 
production. The subdivision was developed in two phases with a total of 27 lots. Most of the lots 
have now been developed and the 2011 census indicated a population of just over 40 people. 

3.3.4 MD of Bighorn 
The MD of Bighorn, previously Improvement District No.8, was created in January of 1988. The 
municipal district is located east of Banff National Park, along the Eastern Slopes of the Rocky 
Mountains. The vast majority of land located within the MD of Bighorn is provincial Crown land, 
and a substantial portion of that Crown land is contained within the Rocky Mountains Forest 
Reserve, Don Getty Wildland Provincial Park and the Ghost River Wilderness Area. These lands 
are not settled.  

The portion of the MD of Bighorn that lies within the Ghost Watershed is called the Ranchlands 
area. The MD describes the area as “generally sparsely populated and rural in nature” (MD of 
Bighorn n.d.b). Development within the Ghost Watershed is generally dispersed, with nodal 
communities situated along the road network. The Hamlet of Benchlands and Ghost River 
Subdivision are the MD of Bighorn’s only nodes of higher residential density in the Ranchlands 
area. The Jamieson Road area, located to the south of the Ghost River, contains a slightly higher 
rural residential density than the remainder of the Ranchlands area due to small holdings parcels. 
The Ranchlands area also contains a portion of the Stoney Indian Reserve. Although part of the 
MD of Bighorn, these reserve lands are under the authority of the federal government and the 
Stoney Nakoda First Nation. 

Further subdivision for country residential use will only be allowed in the urban fringe area of the 
SV of Waiparous (MD of Bighorn 2012) and on a portion of the Bar C Ranch located west of the 
SV of Waiparous along Highway 40 (Bar C Ranch and Resort 2010). In 2010, the MD of Bighorn 
approved a subdivision for second-home recreational use of up to 45 bare land units on this 
portion of the Bar C Ranch. However, to date no development has occurred. These restrictions 
are in tune with the desired outcome of “low development and population” (MD of Bighorn 2011:7), 
which was based on the responses of residents surveyed during the MD’s Municipal Development 
Plan Review in 2011. 

The exact number of full- and part-time residents within the Ghost Watershed has not been 
documented to date. However, the MD of Bighorn estimated the number of residents to be around 
250 (M. Buckley, pers. comm.). This number does not include seasonal populations on leased 
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lands, such as the Enviros Wilderness School, Camp Chamisall and the Rocky Mountain National 
Army Cadet Summer Training Centre. For further information on residential land use, see section 
10.6. 

3.4 Artistic Inspiration 
Many people who live in or visit the Ghost Watershed feel that there is something special about 
the natural environment. Over the years, several authors and artists have described and portrayed 
the landscape and flora of the Ghost region. 

R.M. Patterson, who owned land just upstream of the mouth of the Ghost River, wrote about their 
property on the Ghost River in his book Far Pastures: “Though that glen of the Ghost River was 
only a bit over two miles from the Calgary-Banff road, yet it was like some little piece of the wild 
mountains that had wandered out into the foothills and liked it there and stayed” (Patterson 
1963:165). Patterson (1963:166) also wrote: 

That point around which the Ghost River swept on its last descent to the arm was a garden 
of flowers. There were blue pentstemons in the stony coulees, and Jacob’s ladder. The 
slopes in some years would be blue with lupins - and down below, around the cabin, there 
were larkspurs and delphiniums, fireweed and wild geraniums, lace flowers and forget-
me-nots. Under the trees there were tiger lilies - and, in the spring, the whole place would 
burst out into “crocuses,” which were the pasque flowers. That deep glen had never been 
grazed and it was a perfect picture of the Bow River foothills and their untouched best.  

Roland Gissing (1895-1967) settled at the junction of the Ghost River and Bow River in 1924 and 
began to paint. He married Alexandrina Gillies of the Ghost River Ranch. Over time, he became 
a very well-known artist. His subjects were realistic portraits of the local landscapes, depicting 
mountain and river scenes, including the Ghost River (Fine Art Collector 2018).  

Mary Vaux Walcott (1860-1940), an American artist and naturalist known for her watercolour 
paintings of wildflowers, spent many years exploring the rugged terrain of the Canadian Rockies 
to find important flowering species to paint (Figure 22). In 1925, the Smithsonian Institution 
published some 400 of her illustrations, accompanied by brief descriptions, in a five-volume work 
entitled North American Wild Flowers (Walcott 1925). Walcott completed several of her botanical 
illustrations in the Ghost Watershed. She described plants growing in the region as survivors 
perfected by adversity. One of the plants she painted was the silverberry (wolf willow), which 
grows in many places in the watershed and has a distinctive smell, characteristic of the area 
(Laviolette 2012). 
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Figure 22. Watercolour painting of silverberry by Mary Vaux Walcott (1920)  
(source: Smithsonian American Art Museum, Gift of the artist, 1970.355.411). 

3.5 History of the Ghost River Name 
Among the many stories on how the Ghost River got its name, four are included here:  

• The Ghost River Story by Madeline Young as told by Vernon Young, Stoney Nakoda First 
Nation; 

• The Ghost River Story, by Sykes Powderface, Stoney Nakoda First Nation;  

• Deadman’s River, as written in Dr. James Hector’s journal; and 

• The Legend of the Ghost of Ghost River, written by Roland Gissing. 

3.5.1 The Ghost River Story (by Madeline Young as told to Vernon Young, 
Stoney Nakoda First Nation, 2016) 
Last spoken of by “Enoch Baptist” this is the story of the Ghost River which took place three 
generations before. The origin of the name of Ghost River, [comes] from the Stoney Nakoda 
tradition. We traditionally used the Ghost River area as one of our many harvesting locations. This 
story took place during the time we call “Ayee Chi-daga-bi shi”, a time of prevalent internal tribal 
conflict for the Nakoda people. This means not seeing eye-to-eye, or a time of disagreement. 
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At one time a band of Stoneys was camped at the north side of the Ghost River. There were many 
tepees and many people in the camp. They were camped close together for safety, as was 
common in those days, as there was frequent fighting.  

On one particular night, the Indians heard what sounded like a herd of buffalo running eastward. 
Someone seemed to be driving them. One brave said, “I am going to find out what is driving those 
buffaloes.” He saddled his horse and tied it near his tepee, so that it would be ready the moment 
he heard the buffalo again. At about midnight he heard the pounding of hoof beats on the ground. 
The brave jumped onto his horse and followed the sound of the hoof beats, which were rapidly 
moving into the distance. He pushed his horse fast and after a while seemed to be gaining on the 
herd. Then he saw a rider ahead of him in the distance – a man riding a grey horse. As he gained 
on the rider, the brave noticed that the rider was naked and had an eagle feather in his hair. The 
rider was chasing the buffalo causing the herd to stampede.  

The brave in pursuit pushed his horse faster and faster. He wanted to see the face of the rider of 
the grey horse. He wanted to find out who was chasing the buffalo and why he was stampeding 
them in the dark of night. When he finally rode up beside the grey horse, the rider and the buffalo 
herd disappeared into the mists of the night along the river. No one could ever catch them, 
because they were ghosts. That is why the river is called the Ghost River. 

3.5.2 The Ghost River Story (by Sykes Powderface, Stoney Nakoda First 
Nation (2017) as recorded by B. Motherwell) 
Sykes Powderface, a respected Nakoda elder of the Chiniki band, tells of a confrontation that 
took place between the Blackfoot and the Nakoda. Blackfoot braves entered traditional Nakoda 
territory to fish in the Ghost River near the confluence with the Bow. These braves had not 
followed protocols to gain permission and so a battle ensued in which a number of the Blackfoot 
were slain. Thereafter, the voices of the slain could be heard from across the river during the 
night. Nakoda people were always anxious to get across the river and arrive home before nightfall 
lest they encounter the ghosts of the dead who had not been able to rest after the confrontation. 
In 1996, in conjunction with the Alberta government, the Nakoda hosted a ceremony to release 
the spirits of those slain in the Ghost River battle to eternal rest. 

3.5.3 Deadman’s River (as written in Hector’s journal, 1860) 
Dr. James Hector’s December 11, 1860 log entry states, “On ascending the opposite or right bank 
of the stream, we crossed a wide level plain, wholly formed of rounded shingle, being the 
expansion of one of the valley terraces up the valley of ‘Dead Man’s River’...” (Palliser 1863:121). 
On December 13, 1860, Hector wrote, “Start on our return to Edmonton, at first taking to the south 
till we fall on the Bow River, at the foot of ‘Dead Man’s Hill’ (Chi-pei-watchi.). There was once a 
great battle fought here, and there is a grave built in the wood on the top of the hill, in which the 
slain were buried” (Palliser, 1863:121). On Palliser’s map, Dead Man’s Hill is marked as the first 
major rise in the landscape west of the confluence of Dead Man’s River and the Bow River (Turner 
1977b:22). Maps produced between 1860 and 1879, which use Palliser’s map as a base, show 
Dead Man’s River. Maps produced by Dominion Land surveyors from 1879 onward use the name 
Ghost River. Further discussion on this topic can be found in a document on the GWAS website 
entitled “Naming of the Ghost River” (Motherwell 2018). 
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3.5.4 The Legend of the Ghost of Ghost River (Gissing 1965) 
In 1965, Roland Gissing wrote: 

There were several different versions of the legend of Ghost River, but each one was 
substantially the same. 

The east bank of Ghost River just north of its junction with the Bow was a great battle 
ground between the Stonies and Blackfeet, and skulls and other bones, also arrow heads, 
have been found by ranchers in the district. I recall the late John Gillies telling me of his 
ploughing up skulls and then reburying them. 

Before the Ghost dam was built and raised the water of Ghost River to its present level, 
there were quite high precipitous banks on the east side and the story goes that during 
one of these battles a Blackfoot chief or warrior accidentally fell or was pushed over the 
cliff and drowned in the river. This was considered a very ignominious way of being killed 
and his spirit would never be able to rest in peace. As a result, every night after sundown, 
his spirit rides a white horse up and down the river bed looking for any Stony that might 
be on the east side of the river presumably he would kill him on sight. The Blackfoot is 
always said to be seated on his horse backwards - facing the tail, and brandishing a spear. 

I myself can remember, many years ago, seeing Stony Indians lashing their horses to a 
gallop to get across the river before sundown if they happened to get late and the sun was 
setting.  

 
Figure 23. The Legend of the Ghost of Ghost River by Roland Gissing (Courtesy  
of the Estate of Roland Gissing. www.rolandgissing.com/gallery_ghostriver.html). 

                                                 
 Permission to include this story and painting was granted by the holders of the estate of Roland Gissing. 
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3.6 Historic Context for Current Land Uses 

3.6.1 First Nation’s Perspective of Land Use (by Vernon Young, Stoney 
Nakoda First Nation) 
“In Stoney tradition the Nakoda people don’t claim the land, don’t own the land, but are stewards 
of the land. Living for each other, looking after each other. This applies to the very ground we 
walk on and all living things on the land. We, all that are living here on earth, were created in such 
a way that we cannot live without one another. The land, water and trees are very vital and 
important to life. The forest and trees serve many functions for us. The trees give us life, with 
fresh clean air provided in each breath we take. The forests settings and trees provide scenery 
and distinguished locations that for us create memories, stories, tradition and culture. Everything 
comes hand in hand that we cannot live without one another, without the land, without the water, 
and without the forest. The land, the river, and the forest give us location, setting, scenery and 
life. They become part of the stories, memories, culture and tradition we generate.” 

3.6.2 History of Protected Areas 
Between the years 1887 and 1930, a portion of the Ghost Watershed was part of the Rocky 
Mountains Park, which later became Banff National Park (Scace 1968). Prime Minister John A. 
Macdonald decided to set aside a small reserve of 26 km2 around the hot springs at Cave and 
Basin as a public park known as the Banff Hot Springs Reserve in 1885. Under the Rocky 

□ Waiparous Creek was called the North Fork of the Ghost River until it got its current name 
registered on the 31st of March 1924. According to the book Place Names of Alberta, the 
name Waiparous is a corruption of the Stoney Indian name meaning “Crow (Indian) scalp” 
(Karamitsanis 1992). 

□ Jamieson Creek, a tributary to the Ghost River, was named after Alexander Jamieson and 
his family, who were early settlers to the area (Karamitsanis 1992). It is also known as 
Ripley Creek.  

□ Baymar Creek, a tributary to the Ghost River, was named after an oil well near the mouth 
of the creek. The name was submitted and officially registered in 1950 (Karamitsanis 
1992). 

□ Lesueur Creek, a tributary to the Ghost River, was named after the Payn Le Sueur family, 
who were homesteaders and the first owners of the Bar C Ranch (Karamitsanis 1991). 

□ Robinson Creek, a tributary to the Ghost River upstream of the Hamlet of Benchlands, was 
named after Tom Robinson, an early settler who lived on the banks of the creek (Turner 
1977b:24). 

HISTORY OF SOME OTHER PLACE NAMES IN THE GHOST WATERSHED 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

36 

Mountains Park Act, enacted on June 23, 1887, the park was expanded to 674 km2 and named 
Rocky Mountains Park.  

In the summer of 1899, the Chief Inspector of Timber and Forestry for the Dominion of Canada, 
E. Stewart, conducted a two-month survey of the Eastern Slopes of the Rocky Mountains from 
the international boundary north to the Bow River. He recommended implementation of 
management plans for forest and watershed preservation.  

In his annual reports in the following years, 1900 through 1907, Stewart continued to discuss the 
timber reserves along the Eastern Slopes of the Rocky Mountains (Weerstra 1986). He reiterated 
the need for establishment of reserves in order to conserve the water supply of the prairie region 
through protection of timber from fires (Canada, Department of the Interior 1902:4-6, 1903:6-7, 
1904:4-5, 1907:3-4).  

In 1902, the Rocky Mountains Park was expanded to cover 11,400 km2, encompassing areas 
around Lake Louise, and the Bow, Red Deer, Kananaskis and Spray rivers. Bowing to pressure 
from grazing and logging interests, the size of the park was reduced to 4,663 km2 in 1911, 
eliminating many eastern foothills areas from the park. Park boundaries changed several more 
times until the area of the park was fixed at 6,697 km2 with the passage of the National Parks Act. 
The Act, which took effect May 30, 1930, also renamed the park Banff National Park. 

While the Dominion Forests Reserves Act was passed in 1906, the Rocky Mountains Forest 
Reserve (RMFR) was only created in 1910 (Government of Canada 1911). The purpose of forest 
reserves was cited as “(1) the reserving of timber supplies, (2) the reserving of areas unsuited to 
agriculture so that they would not be homesteaded and (3) the preserving of the water level in 
streams by conserving the timber on the upper watersheds.”  

In 1930, the Natural Resources Transfer Act gave the province jurisdiction over natural resources, 
formerly under the control of the federal government. While the provincial government became 
responsible for the Forest Reserve, research continued to be handled by federal officials. Annual 
reports from the Director of Forestry (Alberta Department of Lands and Mines 1938, 1939, 1940) 
highlighted inadequacies in forest protection in Alberta, and in 1947 the Eastern Rockies Forest 
Conservation Board (ERFCB) was established. The role of the ERFCB was “to plan, advise, 
direct, supervise, and carry out the following: the construction, operation, and maintenance of 
projects and facilities for the protection of forests of the area; the protection of these forests from 
fires, insects, disease, and other damage; and the conservation, development, maintenance, and 
management of these forests to obtain the greatest flow of water in the Saskatchewan River and 
its tributaries” (The Provincial Archives of Alberta 2006:433). The ERFCB was established 
through an agreement between the province and the Dominion government, with the responsibility 
of administering the Crowsnest, Bow River and Clearwater forests, an area that includes the 
headwaters of the North and South Saskatchewan rivers. It recognized the interprovincial 
importance of the Eastern Slopes as the rivers flow through the provinces of Saskatchewan and 
Manitoba, as well as Alberta, and are therefore of vital importance to all the prairie provinces. The 
initial agreement was set for 25 years and after that period either government could terminate the 
agreement with one year’s notice (Government of Alberta 1947; Government of Canada 1947). 
In March 1972, the Alberta government gave notice that it intended to terminate the agreement, 
which became effective March 31, 1973 (Government of Alberta 1978). 

The Ghost River Wilderness Area was established in 1967 and is 15,317 ha in size. It is one of 
three wilderness areas in Alberta and is administered under Alberta Parks legislation. No 
development is allowed to occur and access is only permitted on foot. Hunting and fishing are 
prohibited. The area encompasses rugged mountain terrain and glacier-carved valleys. Several 
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mountains such as Mount Aylmer, Oliver and Costigan reach elevations of over 2,700 metres 
(Alberta Parks 2017). 

In 2001, much of the Prime Protection Zone1 in the Ghost area, an area of 198 km2, was 
designated as part of the newly gazetted Don Getty Wildland Provincial Park. OHVs are prohibited 
in the park under current legislation. Non-motorized uses, hunting and fishing are allowed, but to 
date there is no management plan in place for the park (Alberta Parks n.d.). 

3.6.3 Commercial Forestry 
The arrival of the Canadian Pacific Railway (CPR) in the Bow Valley and the growing interest in 
lumber in the area had pushed the government into roughly delineating timber berths along the 
Bow, Spray and Kananaskis rivers. A berth was a tract of forested land. By the end of September 
1883, a formal application to the government for leases on the best of the berths was made. The 
bounds of a berth were established by the government, which leased or sold the rights to fell and 
remove timber. By 1884, the Eau Claire and Bow River Lumber Company secured title to 10 
berths, with a total area of approximately 1,238 km2. It became the biggest logging operation in 
Alberta before 1930. 

While the locations of the timber berths in the Ghost Watershed are not all clear, it appears that 
Eau Claire only acquired the rights to log in the Ghost River area in 1906. Timber berth #1708, 
which covered several sections in Township 28, Range 7, West of 5th Meridian, is mentioned in 
several documents found at the Glenbow Archives (Glenbow Museum 2018b). A licence for 
timber berth #478, covering almost 32 km2 in Township 28, Range 8, West of 5th Meridian in the 
Ghost Watershed, was issued in 1921 and logging continued in the area until the 1930s. The Eau 
Claire Lumber Company ran several camps in the Ghost River area (Figure 24).  

 
Figure 24. Eau Claire Lumber Company camp (source: Alberta 
Environment and Parks Library). 

                                                 
1 Under the 1984 Eastern Slopes policy, the Prime Protection Zone is meant to preserve environmentally 
sensitive terrain and valuable ecological and aesthetic resources. Objectives include watershed, fisheries 
and wildlife management, and only extensive recreational activities (non-motorized) (Alberta Energy and 
Natural Resources 1984).  
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Logs were flushed down the Waiparous Creek and Ghost River. Remains of the temporary log 
dams can still be observed along Waiparous Creek today. Interestingly, R.M. Patterson had his 
log cabin built by Guy Gibson just upstream from the mouth of the Ghost River in the early 1930s. 
It was built from logs purchased from Eau Claire that were flushed down the river. Patterson 
selected and hauled the logs directly out of the river (Buckle 2011).  

The completion of the Ghost dam and reservoir in 1929 made flushing of the logs very difficult 
and ultimately commercially nonviable (Murphy 1986).  Buziak (1992) states that “by the 1920s, 
the heyday of the Eau Claire Company was over. The company was by no means bankrupt, but 
its timber berths were nearly bare.” In 1956 the company was dissolved. 

In the Jamieson Road area, three families owned and operated small sawmills after 1930. All 
these small sawmills harvested trees by hand, with horses and small tractors. Part of the area 
they logged is now part of the South B9 timber quota area (F. Seidel, pers. comm.). For discussion 
of current commercial forestry practices, see section 10.5.2. 

3.6.4 Forest Management and Protection 
One early record about forest cover in the Ghost Watershed comes from Hector, a member of the 
Palliser Expedition. He states, “everywhere here the country is covered with dense forest” 
(Palliser 1863:121). He did not observe a burnt landscape, nor did he refer to evidence of 
anthropogenic burning by First Nations. From his account of dense and mature forest, it can be 
inferred that large-scale forest fires in the watershed occurred after he was there.  

By the 1890s, forest fires, caused by nature and humans, increasingly became a concern for two 
reasons. Not only was economic opportunity lost when marketable timber burned, but water 
conservation was threatened over the long-term. Officials recognized that the headwaters in the 
Rocky Mountains could be subject to severe flooding if forest fires denuded the timbered slopes. 
This flooding could result in damage to costly irrigation systems downstream (Canada, 
Department of the Interior 1900:10). For the next few years, the Forestry Superintendent repeated 
the importance of protecting the Eastern Slopes of Alberta for watershed protection (Canada, 
Department of the Interior 1910a:7, 1910b:42). He also indicated the need for an efficient fire 
patrol system, timber survey and accurate maps of the whole Eastern Slopes. Refer to section 
3.6.4.2. 

The history of forest fires in the Ghost Watershed is still being researched (R. Arthur, pers. 
comm.), but it is known that large fires occurred in the 1910s. One large fire extended from the 
Ghost River north to the southern branches of Fallen Timber and Burnt Timber creeks (Rogeau 
2005 quoted in Annand 2010:19). This fire matches the description of the fires noted by the 
superintendent of the Rocky Mountains Park, who mentions two fires occurring at the east end of 
Lake Minnewanka, one of which “came down from the Brazeau and Ghost rivers to a point near 
the east end of Lake Minnewanka and we had to send a party of fire fighters out from here to 
prevent it getting into the park, which, I am glad to say, was accomplished after considerable 
work” (White 1985). 
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During this same period, three wildfires threatened the Bar C Ranch (Johnson 1977c:107). 

• In 1910 a fire came from the south, jumped the Ghost River, Waiparous Creek and the 
Little Red Deer River, and burned the Greasy Plains and beyond. 

• In 1914, a fire was started by lightning up Waiparous Creek. George Creighton, Boney 
Thompson, Jerry Fuller and his son, Jack, fought this fire and almost had it under control 
when the wind changed and took it west to Black Rock and south to the Bar C hay 
meadows. 

• In 1919 a fire started in the Broken Leg Lake country, jumped the Ghost River, where the 
gravel flats are a quarter of a mile wide, and came so close to the Bar C buildings that 
P.D. Bowlen took everything out of the house and stacked it in a pile in the big paddock. 

Wildfire history can be mapped by using the tree age and the location of fire scars on tree trunks. 
Although forest age class distribution in the Ghost Watershed may have been studied and 
documented by the Alberta government and Spray Lake Sawmills (SLS), data have not been 
provided for this report. The forest age class distribution in SLS’s Detailed Forest Management 
Plan (DFMP) is reflective of the vegetation inventory used in the SLS 2001-2026 DFMP net land 
base delineation and timber supply analysis (Spray Lake Sawmills 2006). Due to the age of the 
inventory and changes in vegetation from forest management and natural disturbance, the data 
are not current. SLS is currently collecting new vegetation inventory data to incorporate in their 
new Detailed Forest Management Plan.  

3.6.4.1 Air Patrols and Lookouts 
Forest fire prevention and containment have been part of land management for decades. Early 
efforts on the ground evolved to include air patrols and permanent lookout towers. 

Aeroplanes were first used to protect the forests of the RMFR in 1920. Their use solved the 
problem of a poor communication network in the region. Reports of fires were sent wirelessly from 
the aeroplanes to the air station and then by telephone to the appropriate forest rangers. Forest 
officers also used planes for fire reconnaissance and fire-fighting operations. Leaflets warning the 
public about the danger of forest fires were dropped over towns during fair and sport days 
(Canada, Department of the Interior 1922:34). 

The Dominion Forestry Branch developed trails for their patrol routes and then began building a 
system of fire lookouts in Alberta’s extensive area of forest reserves and parks (Larmour 2014). 
With the transfer of administration from the federal to provincial government in 1930 (see section 
3.6.2), the Alberta Forest Service (AFS) stopped using aircraft from the Royal Canadian Air Force 
in forest protection. Instead, they adopted the existing lookout towers and established a 
permanent lookout system (Canada, Department of the Interior 1932:58; Alberta Department of 
Lands and Mines 1934). 

One of these lookouts was located on the top of Black Rock Mountain, built in 1928 (Figure 25). 
The remains of the building can still be found standing today. Materials to build the 12x12 foot 
lookout were taken to the mountain top by horses following a narrow winding trail, which is a 
popular hiking trail today. It was a three-day trek with pack horses from the Aura Ranger Station 
(Daffern 2013:56). According to Potter (1998:85), part of the trail to Black Rock lookout collapsed 
in 1950 and the lookout was “closed for good at the end of the season.” A new lookout site, 
Mockingbird Hill, was surveyed the same year (Potter 1998:88) and replaced the site on Black 
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Rock Mountain. The name Mockingbird was inspired by the song of the same name, heard on 
the radio by men working at the site.  

 
Figure 25. Lookout tower on Black Rock Mountain (photo credit: H. Unger). 

 

3.6.4.2 Ranger Stations and the Forestry Trunk Road 
Dominion officials were keen to establish and enforce the regulations of the newly created Forest 
Reserve (see section 3.6.2). In his 1917 annual report, the District Inspector of Forest Reserves 
for Alberta, E.H. Finlayson, stated “the most important building project on the reserve was the 
construction of the Aura ranger station house, which, in part by location, construction and cost, is 
one of the most satisfying buildings in the district” (Canada, Department of the Interior 1917:49). 
The Aura Ranger Station in the Ghost Watershed stood as the first of its kind (Figure 26). The 
ranger stations sheltered stewards of the Forest Reserve, and among the many duties of these 
stewards, forest fire management was important.  
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Figure 26. Aura Ranger Station, Bow River Forest, showing aerial patrol sign 
(source: Alberta Forest History Photographic Collection).  

Over time the structures at the Aura Ranger Station deteriorated. During the summer of 1942, a 
substantial start was made on a new ranger station in the vicinity (Alberta Department of Lands 
and Mines 1943:49). The building was completed in 1943 (Alberta Department of Lands and 
Mines, 1944:51). Photographs of the structure under construction can be viewed in the annual 
report (Alberta Department of Lands and Mines 1945:43). From 1944 to 1949, improvements 
included the following: corrals, a communication radio, antenna tower, bunkhouse, cottage, 
storehouse and power system (Alberta Department of Lands and Mines 1946:69, 1947:55, 
1949:49, 1950:45, 1951:55).  

In 1952, “the Trunk road connecting the Bow Valley with the Red Deer Valley – 42 miles – was 
completed” (ERFCB 1953:4-5). Construction of the portion of this essential road that fell within 
the watershed included a substantial bridge over Waiparous Creek. Still used today, the Forestry 
Trunk Road (Highway 40) passes through the mid-range of the Ghost Watershed and crosses 
Waiparous Creek very close to its confluence with the Ghost River.  

Because the Forestry Trunk Road offered many advantages to the forest service, a ranger’s 
house was built along it in 1953. This became the location of the new Ghost Ranger Station 
(ERFCB 1954:14). The Aura Ranger Station was abandoned, and in the late 1960s it was burnt 

                                                 
 The original photograph of the Aura Ranger Station (black and white) was published in “Report of the 
Director of Forestry, Department of the Interior, Canada. 1922. For the fiscal year ending March 31“ 
Appendix No. 4, page 33. The caption indicated “Forestry Branch Photograph No. 15999". The colour 
rendition was provided courtesy of Bruce Mayer, Assistant Deputy Minister, Alberta Agriculture and 
Forestry, Forest Division from the Alberta Forest History Photographic Collection. 
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down, a common practice of the day (C. Hill, pers. comm.). A single log garage survived this 
phase and stands among more recent buildings. 

Staff at the Ghost Ranger Station collected climate data, monitored grazing, built and maintained 
trails, and supervised land use in the area. Rangers were “peace officers with authority to carry a 
gun and enforce regulations” (Pharis 2009:28). Gates were placed across the trunk road, and 
Alberta Forest Service staff registered those who entered the Forest Reserve. They recorded 
names, vehicle type, and purpose of visit. Upon returning, the visitors were checked out. The 
intent of this system was to monitor and protect the forest, as well as to provide a mechanism for 
public safety. 

After the ERFCB developed the Forestry Trunk Road and established ranger stations, airstrips 
were built as infrastructure funds and time became available. In 1963, an airstrip adjacent to the 
Ghost Ranger Station was partially constructed (ERFCB 1964:29). The following year it was 
enlarged to “a standard mud bombing strip” (ERFCB 1965:17). In 1965, the airstrip was fenced 
and seeded to grass (ERFCB 1966:18). In 1968, two 12,000-gallon water storage tanks for water 
bombing were installed (ERFCB 1969:14). 

The buildings at this site were removed after construction of a new facility further south, which 
was the original site of the Aura Ranger Station. Several forces converged to end the existence 
of this ranger station as operated by the Alberta Forest Service. Provincial budget cuts coincided 
with the federal decision to remove the cadet camp in Banff National Park. In 1996, the Ghost 
Ranger Station was closed, ending the formal governance program in the Ghost Watershed, but 
the remaining buildings are still used as a fire base with a helicopter pad and fuel storage. By 
1998, “staffing decreased from 28 full time seasonal personnel to none with the closing of the 
ranger station” (MD of Bighorn 1999:8). The site was leased to the Rocky Mountain National Army 
Cadet Summer Training Centre in 1996.  

While a ranger station no longer exists today, forest management and forest fire prevention 
continue in order to protect, conserve and manage the forests of the Bow Valley and area, 
including the Ghost Watershed. See section 10.5.2 for current forestry practices. 

3.6.5 Agriculture and Ranching 
The Ghost Watershed was settled in the early 1880s. One of the first ranches was the Ghost 
River Ranch, stretching upstream from the mouth of the Ghost River. It was advertised in the first 
edition of the Calgary Herald in August 1883 as one of the best winter grazing areas in the Eastern 
Slopes. In 1884, Alexander Gillies and his family settled and ranched the Ghost River Ranch 
(Harris 1977:310). Fifty years later, in 1934, the ranch was sold to Agness Hammond and her 
sister Tilda (Hammond 1977:314). Like most early ranches, they had a mix of horses, cattle and 
sheep, and also ploughed some areas to have hay for winter feed (Figure 27).  
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Figure 27. William (Bill) Wasson (1915-2004) haying his field in the Ghost Watershed, 
just west of where the Summer Village of Waiparous is located today (photo credit: J. 
Velletta). 

The Forest Reserves Act of 1906 strictly prohibited grazing within the reserves. However, the 
reserves had not been fully surveyed and boundaries had not been delineated. As there were no 
fences, trespassing of livestock onto reserves was common, and in 1909 the Inspector of Forest 
Reserves, A. Knechtel, started questioning the exclusion of livestock from reserves, where good 
grazing existed. Knechtel argued that good grass was allowed to go to waste, and he also saw a 
benefit in grazing to reduce fires. In 1913, detailed regulations on livestock grazing in forest 
reserves were passed by the federal government and grazing was allowed to start in 1914 
(Weerstra 1986).  

3.6.5.1 Horses in the Ghost Watershed 
Horses were used for transportation and agriculture purposes in the watershed as well as 
outfitting. For a long time, horses were the only mode of transportation for the early settlers, and 
horses are used for managing cattle in the watershed to this day.  

During these early days, some residents allowed their horses to freely graze the open range within 
the Ghost Watershed. George Creighton purchased the Le Sueur ranch and named it the Bar C 
Ranch after his brand (Johnson 1977c:105). At one time, he had approximately 650 head of 
horses and kept ten stallions for breeding. Periodically, some colts were not castrated and allowed 
to roam the range.  

One old stallion with his herd roamed in the Devil’s Head camp area. Other herds roamed the 
Meadow Creek drainage and a couple of herds occupied the Waiparous Creek valley. Some 
horses roamed east to the Robinson Creek area (Johnson 1977c:106). 

During World War I, George Creighton donated hundreds of horses to the Canadian military for 
the war efforts overseas. Creighton died in 1915. One year later, the ranch was sold to P.D. 
Bowlen. In 1918, when the Brewsters were forced off the Ya Ha Tinda, some of their horses were 
purchased by Bowlen (Johnson 1977d:318). Shortly thereafter, he gathered most of the Bar C 
horses and then sold all the ones that were saleable (Johnson 1977c:106). In 1924, the ranch 
was sold to Mr. Duncan and sons. They kept sheep, cattle and horses. The horses were branded 
quarter circle D. Some horses with this brand ran wild in the Forest Reserve into the 1950s 
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(Johnson 1977c:107). The Duncans sold the ranch in 1935. Between 1960 to present, there have 
been five more owners of the Bar C Ranch. According to the Alberta government stock return 
forms, grazing permit transfers occurred in 1960, 1967, 1973, 2001 and 2006.  

It is likely that some of the free ranging horses that occupy this watershed today are descendants 
of those original herds, which over time became feral. These animals have had an impact on the 
landscape and this has resulted in management challenges. 

Documentation of feral horses within the watershed can be found in a document on the GWAS 
website entitled “Rocky Mountains Forest Reserve Watershed - Forest Preservation and 
Livestock Grazing History with Special Reference to the Ghost River Watershed (Weerstra 2018). 

Prior to the establishment of Crown lands, Bill and Jim Brewster, who operated the Kananaskis 
Ranch at Seebe, wintered at least 400 head of horses east of Lake Minnewanka at the 
headwaters of the North Ghost River and Meadow Creek. They called this location the Company 
Ranch. As they also used an area further north, known as the Ya Ha Tinda, they ran horses 
between the North Ghost River and the Ya Ha Tinda. In 1904, they applied to the Dominion of 
Canada to lease the Ya Ha Tinda, which was granted in 1905. It was registered as the Brewster 
Brothers Transfer Company (Feddema-Leonard 2012). 

The Brewsters were forced off the Ya Ha Tinda in 1917 after the annexation of a portion of the 
Dominion Forest Reserve into the Rocky Mountains Park, but they continued to use the Company 
Ranch area (Feddema-Leonard 2012). During the spring roundup in the early days, it was 
common for approximately one-third of the horse herd to evade being rounded up due to the vast 
area in which they freely roamed (Feddema-Leonard 2012). 

To this day, Brewster Adventures, located at Seebe, holds a preference quota and associated 
grazing permit to utilize a portion of the North Ghost River headwaters for grazing their livestock, 
known as the Devil’s Head Allotment. Their horses mainly graze during the winter months at the 
headwaters of Meadow Creek (Weerstra 2018). A cabin still exists at this location, where 
Brewster’s wrangler, Bill Bagley, stayed to keep an eye on the horses (Figure 28). There are also 
newer cabins and facilities associated with the current trail riding operation. 

 
Figure 28. Cabin at Meadow Creek (photo credit: M. Krainer). 
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3.6.5.2 Early Grazing in the Rocky Mountains Forest Reserve 
In establishing the regulations for grazing within the Forest Reserve, the federal government 
considered the following points (Canada, Department of the Interior 1915b:13): 

• Instead of leases for yearly terms, annual permits were issued with a fixed charge per 
head. This system gave officials the flexibility to adapt to changing conditions. 

• Fixed, maximum stock numbers protected districts from being overgrazed. 

The Forestry Branch extensively advertised the new grazing permit system. Primarily, Forest 
Reserve officers contacted landowners adjacent to the reserves who had livestock. The officers 
ensured agreement with the permit requirements. The scheme was co-operative in nature, and 
grazing associations were formed. There was consultation between Forest Reserve officers and 
the associations to achieve understanding. This proved beneficial when areas were set aside for 
sheep grazing, and conflict was minimized with cattle ranchers (Canada, Department of the 
Interior 1915a:67). 

In the regulations, three fundamental principles were stressed (Canada, Department of the Interior 
1915a:66): 

1. Each year, restrictions on the entire available range would be conservative and prevent 
damage to harvestable timber. 

2. This range would be distributed among many local farmers or ranchers. The carrying-
capacity of winter home range would determine maximum allowable stock. 

3. Mixed farming would be encouraged by devoting Forest Reserve range for summer use 
and advocating for winter feeding on forage grown on farmland outside the Forest 
Reserve. 

Areas contemplated for grazing were subdivided into grazing districts, now called grazing 
allotments. Within most grazing districts, smaller units were created and referred to as divisions, 
now called distribution units. The permitted number of animals varied with each district. The 
grazing periods in each district varied with climatic conditions and forage development.  

Three classes of grazing permits were issued: summer, winter and all-season. Summer permits 
were issued for areas where the terrain was essentially level. Winter grazing was allowed where 
hills predominated, and all-season grazing was allowed where both terrain classes were available. 
In addition, vegetation type was evaluated to prevent forage damage due to early grazing in spring 
or late grazing in winter. Regulators also considered poisonous plants and avoided early season 
grazing (Canada, Department of the Interior 1916:63-67). 

3.6.5.3 Grazing Practices in the Rocky Mountains Forest Reserve (1914-1947) 
The first year that grazing was allowed as a legitimate forest land use was in 1914. Between 1914 
and 1930, the Department of the Interior's Dominion Forestry Branch administered grazing. On 
October 1, 1930, the Alberta Natural Resources Act was passed transferring administration to the 
province of Alberta (Government of Canada 1930: chapter 3). The province of Alberta's 
Legislative Assembly subsequently passed the Alberta Forest Reserves Act (Government of 
Canada 1931: chapter 15). This gave the Forest Service of the Department of Lands and Mines 
responsibility for the major forest activities, including grazing administration. The range 
management changed very little in the transfer. Until 1947, the Alberta Forest Service (AFS) 
administered the range. In 1947, the ERFCB was established and began the administration, 
management and monitoring of the range and range condition. 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

46 

Grazing intensities in the RMFR varied among forests depending upon access and settlement. 
When ranching became prevalent in southern Alberta with the establishment of the large ranches, 
forests south of the Bow River were attractive for summer use. They were closer to population 
centres and had better access due to numerous valley bottoms which contained suitable livestock 
range. The philosophy of the day was also to graze the Forest Reserve to reduce fire hazard, 
while allowing deeded pastures to grow forage for the winter. Prior to 1947, forests north of the 
Bow River contained roads that were poor or non-existent. This restricted the use of available 
range mainly due to inaccessibility. Settlement adjacent to the Forest Reserve was sparse and 
ranching was not nearly as prominent as farther south (Weerstra 1986:64). 

3.6.5.4 Rangeland Resource Management in the Rocky Mountains Forest 
Reserve 
With the establishment of the ERFCB in 1947, the board started to conduct field surveys to assess 
the range condition in the Bow River Forest area in 1948. No extensive overgrazing was observed, 
but there was evidence of localized overgrazing as well as underutilization (Weerstra 1986). 
Range health assessments2 are conducted in all grazing allotments in the Forest Reserve on a 
regular basis with the goal of maintaining or promoting rangeland health, and identifying areas 
that may require more targeted management.  

A comprehensive survey of range condition began in 1949 under the direction of the board’s 
Assistant Chief Forester, Mr. Wallace R. Hanson. Throughout his tenure at the ERFCB, Mr. 
Hanson supported grazing as a resource management tool within the multiple land use concept, 
provided that the focus remained on watershed protection (Hanson 1952, 1975). 

The ERFCB wrote the first range management plans for the Ghost grazing allotments (Aura 
Cache, Devil’s Head, Ghost and Lesueur Creek) in 1959 (ERFCB 1959b, 1959c, 1959d, 1959e). 
These plans have been updated periodically as inventory methods have advanced. The Aura 
Cache was last inventoried and assessed in 2006 and the plan was updated in 2015 (Alberta 
Environment and Parks 2015c). The Devil’s Head and Lesueur Creek were reassessed in 2013, 
and the Ghost in 2015, and these plans are being revised (C. Boulton, pers. comm.). 

In 1998, the Government of Alberta (GoA) transferred the responsibility of range inventories to 
the private sector (Alberta Farmer Express 2012). At that time, a group of Forest Reserve grazing 
permit holders formed the Rocky Mountain Forest Range Association (RMFRA). Their mandate 
is to take a leadership role in the stewardship and management of grazing allotments within the 
RMFR.  

A detailed range inventory is normally conducted every ten years on Forest Reserve allotments, 
and must be completed by a certified contractor. Whether it is via membership with the RMFRA 
or on their own, each allotment holder is required to provide a range inventory of their allotment 
by hiring a certified contractor. Contractors are certified by the governing agency, which at the 
time of writing is Alberta Environment and Parks. The range inventory information is then used to 

                                                 
2 The concept of range health has been adopted for management of grassland, forest and tame pastures 
to denote changes in vegetation composition, productivity and land stability. Indicators are: integrity and 
ecological status, community structure, hydrologic function and nutrient cycling, site stability and 
presence of noxious weeds (Adams et al. 2009). The three categories of health are: healthy (> 75%), 
healthy with problems (50-74%) and unhealthy (<50%). 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

47 

develop a range management plan for the allotment. A discussion of the plans and management 
strategies can be found in chapter 10 (Land Use and Development, section 10.5.1). 

3.6.6 Recreation 
Due to its close proximity to Calgary and its scenic mountain terrain, the Ghost region has been 
and still is a popular area for recreation, including climbing, hiking, horseback riding and OHV 
use. Recreation use in the area has evolved significantly over time as the human population has 
grown and outdoor activities have gained in popularity.  

At one time, cross country ski trails were groomed around the area of the Ghost River airstrip 
along Highway 40. Snowmobiling was one of the first motorized recreational activities. In addition, 
4x4 users accessed backcountry camping spots in the late 1960s. Roads and seismic trails 
resulting from oil and gas exploration and development made this a particularly appealing setting 
for those wanting motorized access to the backcountry. OHV activity in the area increased 
significantly in 1978 when the Alberta government established Kananaskis Country and limited 
OHV use within Kananaskis Country boundaries. The government subsequently upgraded 
170 km of trails in the Ghost area for summer and winter OHV use. 

The Calgary Mountain Club began exploring the Ghost River area for rock climbing in 1975. The 
first guidebook on climbing in this area was published by Perry (1980). A later edition was 
published by Genereux in 2003. Genereux comments that “numerous features come to a dramatic 
union in the Ghost River to produce a most unique and unforgettable rock-climbing arena” 
(Genereux 2003:7). He also describes the Ghost River area as “woefully underdeveloped” for 
climbing, even though there was a significant increase in popularity of the area with climbers.  

In 1988, the Ghost River Sub-Regional Integrated Resource Plan (IRP) directed that an access 
management plan be developed for the Ghost-Waiparous area (Alberta Forestry, Lands and 
Wildlife 1988). The plan stated that “OHV use is a legitimate activity and highly valued by many 
users of the area” (Alberta Forestry, Lands and Wildlife 1988:14). The plan also stated that 
“indiscriminate OHV use has the potential to cause impact on the terrain, vegetation, wildlife and 
water quality.” 

In 1992 the government began the process of downsizing departments as part of a new fiscal 
management plan. Responsibilities for management within the Forest Reserve were divided 
between two agencies of Alberta Environmental Protection: Forestry, and Fish and Wildlife. As 
well, the Forest Reserve in the Ghost region was added to the municipal boundaries of the MD of 
Bighorn, increasing their responsibilities, such as road maintenance and provision of emergency 
services. This downsizing and change in management had direct effects on this area. As 
mentioned in section 3.6.4.2, from 1992 to 1998, staffing decreased from 28 full time seasonal 
personnel to none. The ranger station closed and there was a gross reduction in the government 
presence in the area. While protected areas, fish and wildlife habitat, and commercial industry 
were still being managed and monitored by the provincial government, recreational use was not 
being managed (MD of Bighorn 1999). 

The MD of Bighorn increasingly heard concerns and reports of incidents in the Forest Reserve. 
In 1998, the MD of Bighorn Council initiated the Forest Reserve Multi-Use Dialogue (FRMUD) 
process in an effort to take action that would lead to an access management policy (see section 
3.7.1). 

In December 2002 and January 2003, the Alberta government began consulting with Albertans, 
both the general public and stakeholder groups, on a process to achieve access management 
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planning in the area. Following public consultation and a public telephone survey, a draft 
directions document was prepared and released to the public for further input. This directions 
document and input indicated strong support for a balanced access management plan that would 
provide clear guidelines and regulations for access while ensuring that resource values are 
sustained (Alberta Sustainable Resource Development 2005). 

The Ghost-Waiparous Operational Access Management Plan (GOAMP) was approved in April 
2005, designating trails for motorized recreational use. No trails were specifically designated for 
non-motorized use. It was suggested by the government that non-motorized users could have 
unrestricted use of the entire area. However, this approach has led to conflicts between users as 
well as commercial outfitters active in the area. A new recreation management plan is now 
planned for 2018, which once approved, will replace the GOAMP. For further discussion on 
access and recreation in the Ghost Watershed, see chapter 10. For further discussion on existing 
plans and programs, see chapter 11. 

3.7 Public Perceptions and Concerns 

3.7.1 Forest Reserve Multi-Use Dialogue 
In 1999, the MD of Bighorn released a report called the Forest Reserve Multi-Use Dialogue 
(FRMUD). The “purpose of this project is to draw attention to the widespread ecosystem 
degradation that is being caused by random camping and off-highway vehicle use in the Ghost 
River Forest Reserve. […] The main focus of this study has been to initiate dialogue. The Steering 
Committee has met with user groups and other stakeholders, including: representatives from the 
oil/gas and logging industries, ranching, tourism, camp operators, organized recreational groups, 
random users, and area residents” (MD of Bighorn 1999). 

What resulted from the FRMUD process was “a collective voice that clearly identified four main 
issues” listed below: 

• The Forest Reserve is desirable for its wilderness, its beauty, abundance of natural 
resources and its varied outdoor pursuit opportunities. 

• Use of the Forest Reserve has grown exponentially over the past 8-10 years.   
• This growth has created a critical situation for all users and the Forest Reserve itself.  
• There is an urgent need to do something to preserve the Forest Reserve. 

 
Results of multi-stakeholder interviews in the FRMUD report stated the following concerns from 
interviews and discussions held with over 50 stakeholders (MD of Bighorn 1999): 

• Many area residents feel their safety and wellbeing are in jeopardy. They complain of 
increased trespass, ignoring of fire bans, degradation of the Forest Reserve, reckless 
driving on access roads and blatant lawless activity. 

• Allotment holders have indicated that their grazing lands are negatively affected by the 
public's activities and that livestock are endangered due to garbage left behind by the 
public.  

• Outfitters are experiencing a decline in repeat clientele as a result of the lost wilderness 
experience. 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

49 

• Camp operators are also concerned: facilities are being vandalized and there is a high 
incidence of theft. 

• Recreational users worry that they will ultimately be excluded from the area. Many are 
concerned about the activity that is taking place by the “irresponsible” OHV users and 
random campers, and the negative image surrounding their sport. 

While access management was proclaimed in 2006, not much has changed in terms of the 
concerns of stakeholders. 

3.7.2 Ongoing Concerns 
In 2012, the GWAS organized a series of meetings and an open house inviting users, 
stakeholders and the general public under the theme “The Future of the Ghost Watershed: 
Exploring Solutions”. Participants were invited to host discussion topics on issues, challenges or 
opportunities that were important to them with regard to the future of the Ghost Watershed. The 
major themes of discussion were “ecosystem awareness, planning and management, the lack of 
government leadership, OHV use and the balance of diverse interests” (Marteinson 2012). 

Despite several attempts by the provincial government to manage recreational use, concerns over 
motorized recreational use and random camping with motorized vehicles continue to this day. The 
main issues are reckless behaviour including drunk driving, shooting and littering, minimal 
enforcement of existing rules due to insufficient manpower, the lack of toilet facilities and dump 
stations for recreational vehicles, as well as erosion and sedimentation of streams. 

Logging in the Ghost Watershed has also raised concerns with the local community and the 
greater public, especially those that are recreating in the Ghost River area. Logging activity was 
very limited until the early 2000s. The concerns about logging include: 

• Impacts on tourism and recreation 
• Impacts on wildlife 
• Impacts on water quality and quantity 

During the MD of Bighorn’s Municipal Development Plan Review in 2011, the Phase 1 
Summary of Visioning and Direction report stated that people living in the Ghost Watershed 
still felt that the following challenges exist with motorized recreational use: 

■ Environmental damage 
■ MD finances clean-up of OHV weekenders 
■ Accountability 
■ Dangers on the road 
■ City of Calgary growth 
■ Fire hazard 
■ Unregulated OHV use (no enforcement) 
■ Yahoos  
■ Proximity to city (Calgary) 

Residents stated as a desired outcome that the “MD should have more influence on 
decisions on OHV use, [and] land use on public lands”.  

■  

 

Residents stated as a desired outcome that the “MD should have more influence on decisions 
on OHV use, [and] land use on public lands”.  
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• Increased erosion and sedimentation 
• Large sizes of the cut blocks 
• Haul roads opening up unauthorized access for motorized users 
• Poor regeneration of the forest due to thin soils, severe climatic conditions and the rapid 

pace of the harvest 

The GWAS initiated the Cumulative Effects Study of the Ghost Watershed, Phase I and II, in 2010 
to investigate the cumulative impacts of current land uses in the Ghost Watershed. The study 
highlighted issues such as high levels of landscape fragmentation and vehicle accessibility, as 
well as reduced water quality from elevated nutrient runoff and human waste due to a lack of 
facilities for recreational users. The reports are available on GWAS’s website.  

3.7.3 Concerns with Recreation on the Ghost Arm 
Recreation on the Ghost Arm has also been an issue of public concern. In 1988, private land at 
the confluence of the Bow and Ghost rivers came under control of the provincial government, and 
a provincial recreation area (PRA) and campground was established at the site under the name 
Ghost Reservoir Provincial Recreation Area. Since then, the Ghost Reservoir, and in particular 
the Ghost Arm of the reservoir, has seen a tremendous increase in human use. Concerns about 
current use include public safety, shoreline erosion, wildfire risk, wildlife declines, water 
contamination, littering and noise pollution. 

Beginning in the late 1990s, there was a significant increase in the number of high powered boats 
on the reservoir. These boats create larger, more powerful wakes which can cause increased 
erosion to the shoreline. As the Ghost Arm is in a canyon, its sheltering geography makes it a 
highly concentrated area for boating traffic. Collisions and near misses are known to have 
occurred, and often small powered and paddle powered crafts must compete for space with high 
powered boats. In recent years, a new class of high thrust jet boat that can operate at high speed 
in 2 inches of water has been observed travelling up the Ghost River, stirring up sediment (B. 
Motherwell, pers. comm.) (Figure 29). 

 

Figure 29. Jet boat on the Ghost River (photo credit: B. Motherwell). 
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Timber and brush are also being removed from the shoreline to be used as fire wood for camp 
fires. Local residents report that mature Douglas-fir and spruce trees on private and First Nations 
property have been cut down and burned. The removal of vegetation from steep and unstable 
banks can contribute to shoreline erosion. Furthermore, local residents have observed these fires 
often being left unattended with open flame or smoldering embers, presenting a serious risk of 
wildfires.  

Local residents also report that the Ghost Arm historically hosted large populations of common 
loons, mergansers and beavers. Prior to the establishment of the provincial recreation area, these 
species were commonly observed. Coincident with an increase of human use in the area, local 
residents have observed that wildlife and fish populations have declined, particularly cutthroat 
trout.  

Over the past three decades, local residents have observed a proliferation of people driving 
vehicles on the ice-covered Ghost Reservoir, including cars, trucks and OHVs. There are frequent 
reports of vehicles being refuelled while they are on the ice, and every year several vehicles have 
broken through thin ice (Figure 30). While most vehicles have been recovered before sinking into 
the reservoir, several are known to have sunk to the bottom. This causes concerns regarding 
potential water contamination from hydrocarbons contained in oil and fuel. Motor vehicles and 
OHVs that access the ice-covered reservoir have been observed driving up the frozen Ghost 
River onto deeded and First Nations land. 

Figure 30. Vehicles breaking through ice at Ghost Reservoir near the Ghost Arm (source: Global 
News Calgary). 

 
While the public campground does have toilet and garbage facilities, they are not always used by 
people recreating on the reservoir and the Ghost Arm. Increasingly, large amounts of garbage 
and human waste have been reported on the ice and along the shoreline. 

Additionally, residents have voiced their dismay regarding significant noise pollution coinciding 
with the large increase in motorized traffic: high powered boats in the summer and vehicles 
travelling the ice-covered reservoir in the winter.  
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4. Air Quality 

4.1 Overview 
Few measurements of air pollution exist within the Ghost Watershed. However, the evidence that 
is available suggests that air quality is generally excellent. Measurements of nitrogen dioxide, 
sulphur dioxide and ozone were all well below thresholds set by Alberta's ambient air quality 
objectives. Levels of emissions of carbon monoxide, particulate matter and carbon dioxide have 
not been measured within the watershed. Levels of these pollutants in the city of Calgary generally 
meet air quality standards, which suggest that the Ghost Watershed, with less urbanization and 
fewer sources of emissions, should meet these standards easily as well. The lack of air quality 
data in the watershed poses an issue if meaningful air quality analysis and accurate air quality 
monitoring is desired. It is recommended to install a continuous monitoring station within the 
Ghost Watershed to rectify this issue. 

4.2 Available Air Quality Data 
The Calgary Region Airshed Zone (CRAZ) collects air quality data at three continuous monitoring 
stations and 40 passive monitoring stations throughout the airshed. These data can then be used 
to determine if Alberta’s ambient air quality objectives are being met. The three continuous 
stations are located within the Calgary city limits, and the passive stations are scattered 
throughout the airshed, one of them located within the Ghost Watershed (Figure 31).  

 
Figure 31. Map of Calgary Region Airshed Zone (purple) including monitoring stations 
(blue markers) and Ghost Watershed (orange). 
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4.2.1 Passive Air Monitoring (NW Border Station) 
At the passive monitoring stations, air pollutants pass through a semi-permeable membrane and 
collect on a filter which absorbs the specific compound of interest. After one month of exposure 
in the field, pollutant concentrations are calculated taking into account duration of exposure, air 
temperature, wind speed and humidity. At the NW Border station located in the Ghost Watershed, 
12 air quality samples were collected during 2013.  

4.2.2 Continuous Air Monitoring  
At the continuous air monitoring stations, air is drawn through a commercial analyser filter which 
produces a data output proportional to the ambient concentration of the specific air pollutants 
present. This method has a much higher resolution than passive monitoring; however, it is much 
more costly.  

No continuous air monitoring stations exist within the Ghost Watershed. The nearest stations are 
three within the city of Calgary: Calgary Northwest, Calgary Central and Calgary Southeast. The 
Calgary Southeast station was out of order between April 2011 and April 2014. These stations 
collect continuous daily data on a number of air quality parameters as described below. These 
data are the best available, but they should be viewed with caution since they are unlikely to 
accurately represent conditions within the Ghost Watershed, particularly for air pollutants that are 
local or regional in distribution. 

4.2.3 ALCES Simulations 
Air quality data within this chapter are also from ALCES Online (2016). ALCES calculated 
greenhouse gas (GHG) emissions from coefficients derived from facility reports in 2011, and 
agricultural and domestic emission statistics from the 2010 national inventory report from 
Environment Canada (ALCES Group 2014). Nitrogen oxide (NOx) and sulphur oxide (SOx) 
emission coefficients were calculated with data from the 2011 National Pollutant Release 
Inventory and resource production/human population data for that year. Emissions are spatially 
distributed in proportion to the spatial distribution of resource production and population within the 
watershed (ALCES Group 2014). It should be noted that ALCES is not a formal air quality model, 
rather air quality coefficients are applied to land use. Therefore, these simulations are meant to 
be informative approximations of the potential air quality implications of human land use rather 
than precise estimates.  

4.3 Nitrogen Dioxide (NO2) 
During the combustion of hydrocarbons, atmospheric nitrogen combines with oxygen to create 
nitrogen monoxide (NO). This NO then reacts with ozone (O3) in the atmosphere to create 
nitrogen dioxide (NO2). NO2 is a brown tinged gas with a strong odour and forms part of city smog. 
Transportation and the oil and gas industry are both major sources of NO2 in Alberta. Within the 
Ghost Watershed, the passive air monitoring station reported average levels of 0.5 ppb, which 
are well below Alberta's ambient air quality objective, which sets an annual average threshold of 
24 ppb NO2.  

According to ALCES simulations, NOx gases are most concentrated in the eastern portion of the 
watershed, closer to the municipal areas. It is assumed that the very low emission of NOx gas just 
east of Lake Minnewanka is due to one building in this area that would be emitting low amounts 
of NOx gas (Figure 32).  
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Figure 32. ALCES simulation of the spatial distribution of NOx emissions in the Ghost 
Watershed. 

4.4 Ozone (O3) 
Ozone (O3) is not emitted directly by human activities; rather it is chemically produced by reactions 
between atmospheric gases, volatile organic compounds and ultraviolet (UV) light. Ozone is 
generally higher during spring and summer months when there is more daylight to drive the 
chemical process that creates ozone. High ground level concentrations of ozone can cause 
respiratory health issues.  

Within the Ghost Watershed, passive air quality monitoring found an average ozone concentration 
of 25.4 ppb during 2013. Daily or hourly fluctuations have not been measured within the 
watershed, but levels appear to be well within Alberta’s ambient air quality objectives, which 
mandate a ground level daily 1-hour maximum level of ozone of 82 ppb.  

4.5 Carbon Monoxide (CO) 
Carbon monoxide (CO) is a colourless, odourless gas, primarily emitted from combustion of 
gasoline, oil or wood. The major source of CO emissions in urban areas is from vehicle exhaust. 
In rural areas, forest fires can be a significant source of CO emissions as well. Carbon monoxide, 
although short lived, can act as a greenhouse gas and can also contribute to the formation of 
ground level ozone.  

No measurements of CO levels exist for the Ghost Watershed. However, even in heavily 
urbanized Calgary, levels of carbon monoxide at the continuous monitoring stations appear to be 
no cause for concern (Figure 33). Alberta's ambient air quality objectives outline no monthly or 
annual average targets, but they do set an 8-hour maximum concentration of 5 ppm. The monthly 
average levels at the monitoring stations are generally less than 10% of that maximum, which 
suggest ample margins of safety. 
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Figure 33. CO levels (ppm) at the continuous monitoring stations in Calgary from 
June 2008 to December 2013. 

4.6 Carbon Dioxide (CO2) 
Considered a greenhouse gas, carbon dioxide acts to absorb and re-emit radiation from the 
earth’s surface, which in turn warms the earth’s climate. Figure 34 shows the spatial distribution 
of greenhouse gas emissions (tonnes of CO2) within the Ghost Watershed during 2010. 
Concentrations are highest closer to residential centres and areas of vehicular traffic. In 
comparison to the emissions from the CRAZ, which were simulated at an average of 1,241 tonnes 
of CO2/km2, the Ghost Watershed fares much better with simulated CO2 emissions of only 70.1 
tonnes/km2 (ALCES Online 2016). 
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Figure 34. Estimate of the spatial distribution of greenhouse gas emissions (tonnes of 
CO2) in the Ghost Watershed. 
 

4.7 Particulate Matter  
Particulate matter is the term used to describe tiny particles (either liquid or solid) that are floating 
or suspended in the air. These particles are so small (0.005 μm to 100 μm) that they are often 
invisible to the naked eye and can include fumes, smoke, dust, ash, aerosols and pollen.  

PM2.5 is the term used for particles that have a diameter less than 2.5 μm in size, approximately 
30 times smaller than the width of a human hair (CRAZ 2013). PM2.5 can be a detriment to human 
health because the particles are so small that we breathe them into our lungs. Studies have 
correlated particulate matter with cardiac and respiratory diseases such as asthma, bronchitis 
and emphysema. Particulate matter can also have negative aesthetic effects by contributing to 
smog and haze. PM2.5 are created from the combustion of fuels, such as gasoline, diesel and/or 
wood. PM10 describes particles that have a diameter larger than 2.5 μm but less than 10 μm. 
These particles are still inhalable even though they are larger in size, and they are highest in 
concentration near roadways and dusty industries. 

No particulate matter measurements exist for the Ghost Watershed. However, even in Calgary 
PM2.5 concentrations (Figure 35) appear to be well below the ambient air quality objective for PM2.5 
in Alberta, which specifies a 24-hour average of 30 μg/m3 or less. There is no specific ambient air 
quality objective in Alberta for PM10 concentrations. However, trends for Calgary (Figure 36) 
suggest no obvious reason for concern. This information would lead us to believe that particulate 
matter concentrations in the Ghost Watershed, an area much less urbanized than Calgary, are 
also of no obvious concern. 
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Figure 35. Concentration of PM2.5 (μg/m3) at continuous air monitoring stations in Calgary 
from 2008 to 2013. 

 

 
Figure 36. Concentration of PM10 (μg/m3) at Calgary Central station from 2008-2013. 
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4.8 Sulphur Oxides (SOx) 
Sulphur oxide emissions refer to gases that contain sulphur and oxygen atoms, the two main 
gases being sulphur dioxide (SO2) and sulphur trioxide (SO3). SO2 is a colourless gas with a 
pungent odour. When it combines with oxygen in the atmosphere, SO3 is slowly formed. The life 
span of these gases is between four and ten days. Natural sources of SO2 include volcanoes and 
hot springs, while anthropogenic sources include sour gas processing, oil sands production, coal 
combustion, ore refining, chemical manufacturing, and other fossil fuel processing and burning. 
In Alberta, natural gas processing is responsible for approximately half of the SO2 emissions. 
Sulphur oxides can harm crops and trees by decreasing growth rates and contributing to acid 
rain.  

Within the Ghost Watershed, the passive air monitoring station measured an average 
concentration of 0.4 ppb in 2013. This is much lower than Alberta's ambient air quality objective, 
which specifies an annual average concentration of 8 ppb or less.  

Figure 37 depicts the spatial distribution of sulphur oxide emissions in the Ghost Watershed, as 
predicted by ALCES simulations. Similar to other air pollutant trends in this region, the higher 
concentrations occur closer to the urban areas and roadways.  

 
Figure 37. Estimate of the spatial distribution of sulphur oxide gases in the Ghost 
Watershed. 

4.9 Data Gaps and Limitations 
The largest data gap, which unfortunately was the core aspect required for this chapter, is a lack 
of air quality data specific to the Ghost Watershed. ALCES Online has simulated air quality for a 
couple of parameters, and the single passive monitoring station has provided monthly average 
measurements for three air quality parameters. In contrast to the continuous air quality monitoring 
stations in Calgary, which provide ample air quality data, the passive monitoring stations do not 
provide sufficient data for meaningful analysis. 
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4.10 Recommendations 
It is recommended that a continuous monitoring station be installed in the Ghost Watershed. This 
will provide the necessary data to conduct meaningful analyses concerning air quality in the 
watershed.  
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5. Surface Water Quantity and Allocation 

5.1 Overview 
Streamflow contribution in the Ghost River is dominated by snowmelt. Streamflow in rivers and 
creeks within the watershed is low in winter when most water is stored as snow, particularly at 
higher elevations, and peaks in late spring as snowmelt and rainfall runoff. Much of the snowmelt 
recharges groundwater in aquifers, which then plays a substantial role in feeding flow in streams 
and rivers throughout the late summer, fall and winter, when inputs to the system in the form of 
rain or snow are relatively low. 

Annual streamflow volumes vary greatly from year to year, depending primarily on the depth of 
the snowpack and secondarily on rainfall during the warmer months. This variation is most 
dramatic in spring and summer when flows during a wet year can be several times larger than 
flows during dry years. On average, the Ghost River and its tributaries produce an annual volume 
of nearly 200 million cubic metres of water, which accounts for about 7% of the water flowing into 
the Ghost Reservoir.  

Currently, surface water within the Ghost Watershed is not highly allocated to human uses 
compared to rivers in more heavily populated regions. The biggest commitment of water has been 
a diversion of about 43.2 million cubic metres per year on average (based on data from 1941 to 
1993) to Lake Minnewanka for hydroelectric power generation. This volume was equal to 
approximately 63% of the flow volume in the upper Ghost River, and 22% of the streamflow 
volume in the watershed as a whole. It contributed in the range of 20-25% of the total volume of 
the Lake Minnewanka reservoir. The diversion is not in operation presently due to major damage 
to the intake and the diversion channel that resulted from the floods of 2013. The power company, 
TransAlta Corporation, had applied for regulatory approval to rebuild the diversion, but later 
withdrew their application. The diversion to Lake Minnewanka constituted more than 99% of all 
water allocations from the Ghost Watershed. Other infrastructures shaping the watershed include 
the Ghost dam on the Bow River, which creates the Ghost Reservoir and the Ghost Arm of the 
reservoir in the lower Ghost River canyon (also see section 2.5.4). 

5.2 Surface Water Supply 
Streamflow is the volume of water that flows past a specific point in the river per unit time, 
expressed in cubic metres per second (m3/s). Water Survey of Canada (WSC), a branch of 
Environment Canada, has collected streamflow data at hydrometric stations in the Ghost 
Watershed (Figure 38; Table 2). The first station was installed on the Ghost River upstream of 
the Ghost Reservoir in 1911, called “Ghost River near Cochrane”. Other hydrometric stations in 
the watershed are operated by TransAlta, the data from which are submitted to WSC for 
publication. All published data (1911-2012) included in this report were retrieved from the WSC 
website. 
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Figure 38. Water Survey of Canada stations in the Ghost Watershed. 

5.2.1 Streamflows  
A graph of streamflow at a specific location in the river is called a hydrograph. The shape of a 
hydrograph provides valuable insight into how a watershed responds to precipitation, snowmelt 
and groundwater contribution. Rivers and creeks in the Ghost Watershed show a characteristic 
low flow period during the fall and winter months when snowfall is stored, and a large peak in 
streamflow in the spring and late summer months as the accumulated snow begins to melt. The 
shape of all hydrographs in the Ghost Watershed shows that the streamflow is dominated by 
snowmelt. Snowmelt and increased rainfall in the spring and early summer replenishes the 
groundwater, which sustains streamflow in the late fall and winter months.  

As smaller tributaries discharge into larger rivers, the volume of streamflow accumulates with 
decreasing elevation, resulting in higher flow volumes in downstream areas of the Ghost River. 
The most downstream hydrometric station in the Ghost River (Ghost River near Cochrane; Figure 
38) recorded the highest volume of streamflow in the watershed (Figure 39). However, use of this 
station was discontinued in 1984. Streamflow recorded at higher elevation upstream stations is 
much lower.  
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Table 2. Water Survey of Canada stations in the Ghost Watershed. Refer to Figure 38 for 
station locations. 

Station 
No. 

Station 
Name Years Latitude Longitude 

Drainage 
Area 
(km2) 

Station 
Operated 

By 

05BG001 
(Regulated) 

Ghost River 
near 

Cochrane 

1911-1983 
(Discontinued) 51° 15' 40'' N 114° 45' 50'' 911 WSC 

05BG006 
(Natural) 

Waiparous 
Creek near 
the mouth 

1966-2012 
(Active) 51° 16' 58'' N 114° 50' 18'' 322.5 WSC 

05BG010 
(Natural) 

Ghost River 
above 

Waiparous 
Creek 

1983-2012 
(Active) 51° 16' 12'' N 114° 55' 31'' 484.5 WSC 

05BG002 
(Natural) 

Ghost River 
near  

Black Rock 
Mountain 

1941-1993 
(Discontinued) 51° 18' 00'' N 115° 11' 00'' 211 TransAlta 

05BG003 
(Regulated) 

Ghost River 
diversion to 

Lake 
Minnewanka 

1941-1995 
(Discontinued) 51° 17' 00'' N 115° 10' 00'' n/a TransAlta 

05BG009 
(Natural) 

Waiparous 
Creek below 

Meadow 
Creek 

1972-1984 
(Discontinued) 51° 22' 04'' N 114° 59' 27'' 230 WSC 

 
 
 

Annual streamflow volume in the Ghost River and Waiparous Creek varies significantly by year 
(Table 3). Inter-annual variability in annual streamflow volumes is the result of a variety of 
landscape influences and climate variability.  Average annual streamflow at the most downstream 
point on the Ghost River near Cochrane is 199.2 million m3. The Ghost River contributes 
approximately 7% of the flow into the Ghost Reservoir (Bow River Basin Council 2010). 
Interestingly, the Ghost River can contribute much more than 7% of the streamflow to the Ghost 
Reservoir during certain conditions. For example, the Ghost River contributed approximately 30% 
of the natural inflow to the Ghost Reservoir during the flood of June 2013. It should be noted that 
this was an extreme event and these conditions are not likely to occur very frequently.  
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Figure 39. Daily average streamflow (m3/s) in the Ghost Watershed. 

 

Table 3. Annual streamflow volume (millions of m3) in the Ghost Watershed. 

Annual 
Streamflow 
Volume  

Ghost River 
near Cochrane 

Ghost River 
above 

Waiparous 
Creek 

Ghost River 
near  

Black Rock 
Mountain 

Waiparous Creek 
near the Mouth 

Average 199.2 105.5 68.2 67.9 

Maximum 453.1 
(1915) 

180.3 
(2005) 

111.7 
(1956) 

137.8 
(1993) 

Minimum 111.3 
(1936) 

67.5 
(1984) 

11.4 
(1948) 

29.3 
(1984) 

Standard Deviation 78.3 30.2 19.9 26.8 

# of Complete 
Years of Data 

62 
(1912-1982) 

29 
(1983-2012) 

51 
(1942-1992) 

46 
(1967-2012) 
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5.2.2 Variation in Annual Streamflow 
The Ghost Watershed experiences wet and dry years causing annual variation in streamflow. 
Figure 40 shows that the majority of this variability in streamflow is experienced during spring and 
summer months when snowmelt and rainfall are highest in the watershed. Less variability is 
experienced in the late fall and winter due to relatively consistent groundwater outputs.  

 

Figure 40. Daily average streamflow (m3/s) by percentiles (Q25, Q50(median), Q75) for 
WSC gauge stations in the Ghost Watershed. 

Percentiles are used to better understand the variation in annual flow within a dataset. The 
percentile (Q25, Q50 and Q75) of daily average streamflow for a given dataset indicates that 25%, 
50% and 75% of all data fall below these percentiles. Extreme streamflow observations during 
droughts and floods do not strongly influence the median (Q50), making this measure of central 
tendency preferable to the mean (average). It is important to note that the streamflow at Black 
Rock Mountain is greater than the flow above Waiparous Creek, even though Black Rock 
Mountain is further upstream. This is because of the diversion below Black Rock Mountain that 
used to send most of the water into Lake Minnewanka (until it was destroyed in the flood of 2013), 
resulting in a decrease in the flow in the Ghost River above Waiparous Creek. No data nor 
analysis are known to be available to determine the effect of the diversion on the river over the 
past 72 years when flows have been diverted, such as potential aggradation of the river bed. 
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5.2.3 Groundwater-Surface Water Interactions 
Baseflow is streamflow that results from discharge of water from the ground (groundwater) into a 
river channel slowly over time. The proportion of baseflow is an indicator of the capacity of a 
watershed to provide flow during drought years.  

An automated baseflow separation method (Arnold et al. 1995; Arnold and Allen 1999) was 
applied to the streamflow record of the Ghost River near Cochrane. This separation method uses 
statistical smoothing to estimate the proportion that baseflow contributes to total streamflow. The 
results suggest that groundwater contributes an average of approximately 85% of the total 
streamflow in the Ghost River over the year.  

In the Ghost Watershed, a distinct seasonal pattern is evident for baseflow contributions to 
streamflow. During winter months, when water is stored in the snowpack, groundwater dominates 
streamflow. Snowmelt and rain events experienced in the spring and summer months provide 
runoff water that adds to baseflow to increase streamflow and enable recharge of groundwater 
aquifers, resulting in a lower proportion of baseflow during that time. 

5.2.4 Flood of 2013 
The June 2013 flood in southern Alberta stands out as the most significant hydrologic event in 
recent history. This flood caused loss of life and affected homes, property, infrastructure and 
landscapes (Figure 41).  

 
Figure 41. Images of the 2013 flood in the Ghost Watershed (photo credit: H. Unger). 
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A warm, moist, fully saturated air mass from the Gulf of Mexico travelled over the United 
States and became trapped over the Rocky Mountains by a high-pressure system hanging 
over northern Alberta. A large amount of rain fell in a very short period of time from this 
trapped air mass. On June 20, the Alberta Environment meteorological station at the former 
Ghost Ranger Station experienced a record one-day rainfall of 82 mm, compared to 57.6 mm 
which fell on June 17th during the 2005 floods. The previous record was set in 1970 at 72 
mm. From June 19-21, the station received 135.9 mm of rainfall, which is 45% more than the 
30-year average monthly rainfall in June for this station. Meteorological stations in the 
headwaters of the South and North Ghost rivers (Figure 38) recorded 237 and 185 mm of 
rainfall over three days, respectively. Furthermore, rain-on-snow caused the snowpack to 
melt more rapidly than normal in high elevation areas, while rainfall runoff was the primary 
flood mechanism in snow-free areas (Pomeroy et al. 2016). The steep slopes in the Ghost 
Watershed combined with the frozen ground not far below the surface caused the water to 
move downslope quickly. All of these factors resulted in flooding in the Ghost Watershed, 
which had cascading effects on other downstream areas in the Bow River watershed. 

 
 

WHAT LED TO THE 2013 FLOOD EVENT? 
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History suggests that such severe floods and droughts are not uncommon in the Ghost Watershed 
(Figure 42). Floods in 1990 and 2005 are still in recent memory; however, high streamflow was 
also recorded in the Ghost Watershed in 1915, 1929 and 1932. In fact, detailed studies of tree 
ring data in southern Alberta show that the mid- to late 20th century experienced unusually 
moderate conditions, with extreme high and low streamflow events being more severe over the 
last 600 years than during recent decades (Axelson et al. 2009). There is no clear pattern in 
annual streamflow. Floods can occur one year and drought can occur the next.  

 

Figure 42. Peak annual streamflow (m3/s) in the Ghost River at Benchlands (source: 
Golder Associates 2013; WSC data). Note: The 2013 value is an estimate, and missing 
years were from inactive hydrometric stations. 
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5.3 Surface Water Allocation and Use 

5.3.1 History of Water Management 
The surface water allocations in the Ghost Watershed have varied greatly since 1890 (Figure 
43). 

■ 1882 – Province of Alberta was still part of the Northwest Territories. Water use was 
dictated by “riparian rights”. Landowners with property adjacent to a water body had the 
right to make “reasonable” use of it. 

■ 1894 – Dominion of Canada passed the North West Irrigation Act. The government was 
now allowed to allocate water for irrigation and other uses. Water was allocated under a 
priority system based on seniority of the licence, commonly known as “first in time first in 
right” (FITFIR).  

■ 1894 – The first agricultural registrations in the Ghost Watershed were registered under 
the North West Irrigation Act. Traditional agricultural registrations allow agricultural users 
to source water from streams and groundwater. These farms can request up to 6,250 m3 
of water for the purpose of watering animals or applying pesticides to crops. Although 
registrations cannot be transferred to other locations, they are allocated under the FITFIR 
priority system. This priority system determines who has priority access to water when a 
water shortage exists.  

■ 1905 – Alberta joined Confederation. 

■ 1929 – Ghost Reservoir dam infrastructure completed. First significant flow structure 
(dam) on the Bow River.  

■ 1930 – the Natural Resource Transfer Agreement transferred ownership and legislative 
powers of natural resources from the Dominion of Canada to the Province of Alberta. 

■ 1931 – Alberta declared the Water Resources Act, which served as a tool for water 
allocation and was a provincial affirmation of the North West Irrigation Act. 

■ 1941 – Calgary Power was issued an annual surface water licence under the Water 
Resources Act on the North Ghost River near Black Rock Mountain to divert water out of 
the Ghost Watershed into Lake Minnewanka for hydroelectric power generation. 

■ 1993 – Oldest priority well water (groundwater) licence in the Ghost Watershed. 

■ 1999 – Alberta proclaimed the Water Act, which maintains FITFIR priority system. 

■ 2005 – Last water allocation issued in the Ghost Watershed, having the lowest FITFIR 
priority. 

■ 2006 – South Saskatchewan River Basin closed to new water licence applications, except 
for First Nations, Water Conservation Objectives (WCO), and water storage projects (as 
per an Approved Water Management Plan). Moratorium creates Canada’s first market-
based system to transfer water allocations. 
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Figure 43. Total surface water allocations (m3) in the Ghost Watershed since 1890.  

 
In 1941, the first water licence under the Water Resource Act (1931) was issued in the Ghost 
Watershed. Calgary Power was licenced to divert the entire flow of the North Ghost River at any 
time during the year (Alberta Environmental Protection 1998). On average, 43,171,870 m3 of 
water per year has been diverted out of the North Ghost River into Lake Minnewanka for 
hydroelectric power generation. TransAlta has used substantially more than this average on a 
number of occasions; however, it did not conflict with other registrations due to the fact that only 
four licences exist downstream of the diversion and before the confluence with the South Ghost 
River, and all four of these do not have priority over the TransAlta diversion licence. The diversion 
equals 22% of average annual streamflow recorded at the Ghost River near Cochrane (1911-
1983) and represents over 99% of all water allocations within the watershed (Table 4). The 
diversion was first constructed in 1941 as a simple ditch and timber crib dam. A more permanent 
diversion structure and canal were constructed in 1947 (Figure 44). In 1988, the structure was 
upgraded substantially in order to limit the maximum diversion rate to 11 m3/s (R. Drury, pers. 
comm., see section 5.3.2). During the flood of 2013, the diversion canal was destroyed and as of 
2018 has not been replaced (Figure 44).  
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Figure 44. Diversion weir in 2009 (left) and diversion control structure after the flood of 
2013 (right) (photo credits: M. Krainer (left) and H. Unger (right)). 
 

All other water allocations are designated through agricultural and municipal licences and 
traditional agricultural registrations. Since 1999, all water licences have been registered in 
accordance with the Water Act. These licences include detailed information regarding the source 
and location of the diversion, maximum annual volume of water that may be diverted, maximum 
diversion rate, purpose, timing of use and priority. As of 2015, a total of 10 water licences and 
256 registrations were present in the Ghost Watershed (Table 4). Not including the TransAlta 
diversion, water allocation is less than 1% of the average annual streamflow for the whole Ghost 
River.  

Table 4. Total water allocations per year in the Ghost Watershed as of 2015. 

 Licenced Quantity 
(m3) 

No. of  
Allocations 

% of Total Quantity 
Allocations 

Agricultural 24,650 5 0.06 

Diversion 43,171,880 2 99.83 

Municipal 24,680 2 0.06 

Recreation 462 1 0.00 

Registrations 22,881 256 0.05 

Total 43,244,553 266 100.00 

 
The majority of registrations are located in the downstream sections of the Ghost Watershed near 
the communities of Waiparous and Benchlands (Figure 45). Water used by irrigation in the Ghost 
River is not governed by an irrigation district as in other areas of Alberta. Holders of water licences 
in the Ghost Watershed are responsible for accessing water though their privately-owned 
irrigation infrastructure. 
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Figure 45. Location of all current water licences in the Ghost Watershed. 
 

Households Statutory Rights, proclaimed in the Water Act, have priority over all other users and 
allocations in the Ghost Watershed. These rights allow use of up to 1,250 m3 of water per year 
per household for human consumption, sanitation, landscaping and certain animal care. The 
water must be sourced from the land where it is used (either surface or groundwater). No official 
legal document is issued for these rights. 

5.3.2 Diversions and Dykes 
On December 13, 1940, Calgary Power was issued an Interim Licence for the Ghost River 
diversion which authorized Calgary Power to divert all, or any part, of the flow of the Ghost River 
into Lake Minnewanka. Water was diverted from the Ghost Watershed through Devil’s Gap into 
Lake Minnewanka for hydroelectric power generation purposes at the Cascade plant by TransAlta 
from 1941 to 2013. The diversion was originally constructed as a timber crib and earth berm 
across the Ghost River valley in 1941. The Ghost River near Devil’s Gap passes through a deep 
alluvial fan, resulting in the stream flowing entirely subsurface for most of the year except for a 
couple of months during the spring freshet. In order to capture more of the flow before it went 
subsurface, a clay lined canal was constructed along the west side of the river valley.   

On April 24, 1947, Calgary Power was issued a Final Licence for the Ghost River diversion which 
affirmed the rights to divert as stipulated in the Interim Licence. Finally, an intake structure was 
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built approximately 5 km upstream of Devil’s Gap in 1947 to capture and control more flow into 
the canal. Floods routinely damaged these structures, causing additional dykes and river training 
structures to be built over time (R. Drury, pers. comm.).  

In 1967, high flow occurred on the Ghost River resulting in flooding along the upstream end of the 
lower bench in Benchlands. Subsequently, a small protective dyke was built, either by the 
municipal authority or the property owners (anecdotal). The recorded peak flow at the station 
“Ghost River near Cochrane” (downstream of Benchlands) was 190 m3/s. 

In the early 1980s, Alberta enacted the Canal and Dam Safety Regulation which stipulated 
standardized design criteria for certain types of structures. Due to their age, many of TransAlta’s 
hydro developments, including Cascade (Lake Minnewanka), did not meet new standards. In 
1986, TransAlta applied to the Energy Resources Conservation Board (ERCB) and was approved 
by the ERCB to undertake modifications to the Cascade Hydro Development which included 
constructing works to limit the maximum flow from the Ghost River diversion into Lake 
Minnewanka to 400 cubic feet/second (11.3 m3/s). This meant that high flows which had 
previously been diverted into Lake Minnewanka would now continue down the Ghost River 
instead. In recognition of the increased Ghost River flood risk, TransAlta committed to upgrade 
the dyke at Benchlands to provide protection for a 1:100-year flood event. 

In April 1986, Monenco issued a report detailing the Hydrology Analysis for the Ghost River near 
Benchlands. The 1:100-year flood estimate from this analysis was 303 m3/s. This value was used 
as the design basis for the Benchlands dyke. On October 10, 1986, TransAlta was issued an 
Interim Licence under the Water Act to construct the dyke at Benchlands.  

On February 10, 1987, TransAlta was issued a Supplemental Interim Licence under the Water 
Act to construct the modifications to the Ghost River diversion. On or around 1987, both the Ghost 
River diversion and Benchlands projects were constructed.  

In 2005, flood flows nearly overtopped the Benchlands dyke and caused erosion damage to the 
structure. The flood frequency analysis was not updated, but repairs were carried out and the 
dyke was raised slightly in two areas. The estimated flood peak for this event was approximately 
450 m3/s. 

The diversion as well as the dyke in Benchlands were severely damaged in the June 2013 flood. 
The streamflow at Benchlands was estimated to have been approximately 670 m3/s at its peak 
(Golder Associates 2013; WSC data). The dyke in Benchlands has since been rebuilt to an 
increased 1:100-year flood level.  

Since the 2013 flood, the diversion to Lake Minnewanka has remained inoperable. TransAlta has 
gone through an assessment to determine options for rebuilding the diversion. While the 
rebuilding of the diversion is still being considered, an application under the Water Act for the 
project has been withdrawn at this time. 

The diversion to Lake Minnewanka diverted 43.2 million m3 of water per year on average. Based 
on streamflow data collected from 1941 to 1993, this allocation equals approximately 63% of 
annual streamflow in the Ghost River near Black Rock Mountain station, which was the closest 
station upstream of the diversion structure (Figure 46). It is important to note that during low-flow 
seasons, the North Ghost River runs dry (or at least subsurface) almost all the way down to the 
confluence with the South Ghost River (H. Kruger and R. Drury, pers. comm.).  
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Figure 46. Annual streamflow (millions of m3) at the Ghost River near Black Rock 
Mountain hydrometric station upstream of the diversion, and average annual water 
allocation for diversion into Lake Minnewanka. 
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Streamflow was diverted from late April to early December (Figure 47). Streamflow data collected 
downstream of the diversion on the Ghost River at Cochrane are available before the installation 
of the diversion (Figure 48). Water diverted from the headwaters of the Ghost River has reduced 
the volume of streamflow downstream, particularly during spring and summer months when 
streamflow is highest. In June, streamflow was on average 22% lower in 1941-1983 compared to 
1911-1941 (Figure 48). However, it is important to remember that other landscape and climatic 
factors could be influencing this trend as well. 

 
Figure 47. Average daily streamflow (m3/s) (1941-1993) measured at the Ghost River 
above the diversion at Black Rock Mountain and volume of flow diverted to Lake 
Minnewanka. 
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Figure 48. Average monthly streamflow (m3/s) measured at the Ghost River at 
Cochrane station before (1911-1941) and after (1941-1983) the installation of the Ghost 
River diversion to Lake Minnewanka in July 1941. 

5.3.3. Infrastructure 
In 1928, Calgary Power acquired land for developing the Ghost Reservoir. Once constructed, this 
dam flooded what is now called the Ghost Arm of the Ghost Reservoir in the lower Ghost River 
canyon (also see section 2.5.4). The dam was constructed in 1929, while flooding of the reservoir 
and arm occurred in the spring and summer of 1930. In 1930, the Natural Resources Transfer Act 
(NRTA) was enacted, which transferred control of surface and subsurface resources from the 
federal Crown to the provincial Crown. Implicit in this was provincial Crown domain over bed and 
shores where water exists. However, land that was privately owned prior to the NRTA being 
passed remained private. As such, all bed and shores along the Ghost Arm of the Ghost Reservoir 
are private property. 

5.3.4 Flow Commitments 
At this time, no Water Conservation Objectives (WCOs) are set for the Ghost River. However, 
WCOs are in place for Waiparous Creek. These types of objectives are outlined in the Alberta 
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Water Act and mandated through Watershed Management Plans to quantify the volume and 
quality of water that remains in a river for the protection of the natural water body and its aquatic 
environment. Instream objectives (IOs) are developed for the Bow River and are based on a 
relationship known as the 80% habitat fish rule curve. This curve was developed using a scientific 
approach using available data and modelling (Alberta Environment 2003). WCOs are available 
for many rivers in the South Saskatchewan River Basin. In the Bow River, “WCOs are set at either 
45% of the natural rate of flow, or the existing IO plus 10%, whichever is the greater at any point 
in time” (Alberta Environment 2006). Tributaries of the Bow River were not considered in the 
current Water Management Plan for the South Saskatchewan River Basin. However, the plan did 
mention that if WCOs are to be established in headwater tributaries, they would not be less than 
existing WCOs or instream objectives for downstream areas. 

5.4 Data Gaps and Limitations 
There is generally good information available for the Ghost Watershed related to streamflow and 
hydrologic conditions, but it is mostly based on discontinued stations and does not reflect more 
recent hydrological events and conditions. That said, improving the coverage of hydrometric data 
in the Ghost Watershed would allow for more robust assessments and stronger confidence in the 
resultant analyses. Two of the Water Survey of Canada stations in the watershed have been 
discontinued; presently only two sites remain active. 

5.5 Recommendations 
In order to improve our understanding of the current and future hydrologic conditions of the 
watershed, the following measures are recommended:  

■ Establish hydrometric sites in the headwaters of both the North and South Ghost rivers. 

■ Conduct a wetland inventory throughout the watershed. 

■ Better understand the role of land use and climate change and their associated effects on 
hydrology.  
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6. Surface Water Quality  

6.1 Overview 
Water quality is an important indicator of the health of a watershed. As changes in the Ghost 
Watershed occur, water quality will need to be monitored to help protect the ecological integrity 
of the aquatic systems.  

Water quality in the Ghost Watershed is generally healthy, with an overall rating for all indicators 
of “Natural” to “Good”, as categorized by the Bow River Basin State of the Watershed (SOW) 
Summary 2010, indicating that less than 10% of recorded measurements fail to meet water quality 
objectives (Bow River Basin Council 2010). These water quality objectives, or thresholds of 
concern, are primarily defined by the Environmental Quality Guidelines for Alberta Surface 
Waters. In particular, levels of nitrate and inorganic solids were at an order of magnitude below 
thresholds of concern. The pH, dissolved oxygen and stream temperature values were also within 
the “Natural” range, and while a few samples deviated somewhat from normal levels, the overall 
rating for the watershed was still “Good”.  

However, some water quality indicators showed water quality to be potentially degraded from their 
natural levels within the Ghost Watershed. In particular, long-term water clarity (measured by 
turbidity) was rated only “Fair” at several sites, most notably at Waiparous Creek, the middle 
reaches of the Ghost River, and Benchlands. Increases in water clarity were exhibited along the 
Ghost River (upstream of South Ghost River and at Richards Road); however, continual data 
collection is important and would help in understanding spatial and temporal trends as well as 
help refine estimates of natural levels. For example, only 3.7% of samples taken in 2010-2015 
exceeded thresholds of concern for short-term turbidity as compared with 10% a decade ago. It 
is important to understand whether this is a trend towards better water quality or simply natural 
variation due to changes in precipitation, or if it is potentially related to the time of year samples 
were taken (June-October). Fecal coliform and Escherichia coli (E. coli) levels also exceeded 
thresholds of concern within the lower reaches of the watershed, specifically at Benchlands. Fecal 
coliform levels exceeded safe thresholds, as defined by the provincial water quality guidelines for 
the protection of agricultural water uses, in almost one out of every four measurements, 
suggesting that the problem is persistent at this site and most likely requires further attention. 

Dissolved oxygen levels appeared to be adequate for most species, including spring mayflies, but 
were considered too low for larval fish in all sample periods in Waiparous Creek, and in one of 
the two sample periods in the middle Ghost River (over 10% exceedance of thresholds; Table 6). 
This suggests there may be a long-term issue for larval fish habitat in these specific locations in 
the Ghost Watershed, which could be exacerbated with higher water temperatures. However, 
these general water quality ratings may not accurately reflect habitat quality, since fish habitat is 
highly variable from place to place. Further monitoring may be valuable in these sub-watersheds 
and along specific reaches where larval fish habitat is present. 

6.2 Methods of Analysis 
This report uses water quality data monitored in the Ghost Watershed by Alberta Environment 
and Parks. Monitoring locations, consisting of grab sample collection, are located along 
Waiparous Creek and the Ghost River (Figure 49). To analyse the water quality in the entire 
watershed, data from 1980 to 2015 were divided into two major sub-watersheds, Waiparous 
Creek and the Ghost River. Continuous data were collected from Sondes near Ghost River at 
Crossing 39 (June to October 2012). The spatial coverage of these sites in the entire Ghost 
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Watershed is quite vast, so interpretation of these data should be done conservatively. 
Furthermore, grab sample data only provide an idea of the water quality for a specific moment in 
time and longitudinal interpretation from grab sample data is often difficult.  

Water quality data for the Ghost River at Benchlands have been collected on a monthly basis by 
the City of Calgary from 2008 to 2016. The data include physical and chemical water quality grab 
samples. These data have not been analysed and assessed for the State of the Watershed at 
this time due to budget constraints. However, the results of the Benchlands monitoring and their 
trends should be analysed for subsequent reports. 

Water quality was evaluated following, as closely as possible, the methodology and nomenclature 
of the Bow Basin Watershed Management Plan – Phase 1 (Bow Basin Watershed Management 
Plan Steering Committee 2008).  

 
Figure 49. Water quality monitoring site locations. 

Water Quality Indices were calculated according to the CCME water quality index method (Saffron 
et al. 2011). This index is similar to that used in the State of the Bow Basin Report (Bow River 
Basin Council 2005), and is a combination of different measures of exceedance of multiple water 
quality parameters. In this report, the parameters dissolved oxygen (DO), nitrate, turbidity, E. coli, 
fecal coliform, pH, specific conductance and total dissolved phosphorus were used to calculate 
WQI. The WQI is assigned a final rating of Excellent (WQI = 95-100), Good (WQI = 80-94), Fair 
(WQI = 65-79), Marginal (WQI = 45-64) or Poor (WQI = 0-44).  
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The eight individual water quality parameters were analysed by evaluating the proportion of 
samples exceeding thresholds of concern, which are summarized in Table 5. Exceedance criteria 
used in this study were obtained from the Environmental Quality Guidelines for Alberta Surface 
Waters (AESRD 2014), except phosphorus which was taken from the WCO values of the BRBC, 
given that there are no specific phosphorus guidelines. Sites were rated based on the percentage 
of measurements that exceeded threshold criteria, and were classified as Natural (< 0.1%), Good 
(0.1%-10%), Fair (10-50%), or Cautionary (> 50%). It is important to note that any individual 
measurement greater than the threshold criteria is considered as an exceedance, and we 
therefore caution that there is a likely overestimate of the frequency of “Chronic Exceedance”.  

 
Table 5. Water quality exceedance criteria for water quality parameters. 

Indicator Water Quality Exceedance Criteria Source 

Dissolved Oxygen 
(mg/L) 

< 5.0 (Acute) < 6.5 (Chronic) Protection of Freshwater 
Aquatic Life (PAL) 

< 8.3 (Mayflies)1 < 9.5 (Larval Fish)2 PAL 

Nitrogen: Nitrate 
(mg/L) > 124 (Acute) > 3.0 (Chronic) PAL 

Turbidity 
(NTU) 

Increase of 8  
(< 24 hrs – short term)3 

Increase of 2  
(> 24 hrs – long 
term)3 

PAL 

Fecal Coliform 
(#/100 mL) > 100  - Protection of Agricultural 

Water Uses 
E. coli  
(#/100 mL) > 100  - Protection of Agricultural 

Water Uses 
pH  
(pH units) < 6.5 or > 9.0 ± 0.5 from baseline3 PAL 

Specific 
Conductance 
(dS/m) 

≥ 1.0 and < 2.0 
(Possibly Hazardous)  - Protection of Agricultural 

Water Uses 

> 2.0 (Hazardous)  -  - 

Total Dissolved 
Phosphorus (mg/L) 

> 0.015 (to prevent 
excessive plant and 
algae growth) 

< 0.01 
(Oligotrophic) 

Bow Basin Watershed 
Management Plan – 
Phase 1: Water Quality 

Legend: 
1 Only applies for May – June Mayfly emergence 
2 Only applies to larval fish habitat in gravel bed rivers 
3 Increase from baseline (estimated by median for period) 

6.3 Indicator Results 
Results of water quality evaluations for the Ghost Watershed are presented below (Figure 50, 
Figure 51, and Table 6). Each indicator (or index) is discussed in more detail in the sections that 
follow. 
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6.3.1 Water Quality Index (WQI) 
WQI in all sampling periods along Waiparous Creek was rated as “Good”. Water quality along the 
Ghost River was rated as “Good” between 2000 and 2009, and “Excellent” between 2010 and 
2015. Finally, the water quality index at Ghost at Crossing 39 was rated “Excellent” in 2012 
(continuous data) and also “Excellent” in 2010-2015. At Benchlands, the water quality index was 
rated “Marginal” in 1990-1994, “Good” in 2000-2009 and 2008-2014 (grab samples), and 
“Excellent” in 2010-2015 (Figure 50). It is important to note that the amplitude of exceedance of 
a parameter can affect the final WQI value. In other words, one large flood that produces a lot of 
turbidity can exceed thresholds by a large magnitude and therefore reduce the final WQI to a 
much lower value than it would otherwise be. It is also important to note that the WQI has been 
calculated for varied time periods. Ideally, the same period of data collection would be used, 
particularly to compare between sites. However, data are limited and this work aims to provide a 
synoptic view of water quality. Therefore, sites are compared even though time periods are not 
exactly the same. 

   

 
Figure 50. Results for Water Quality Index analysis. Higher index values indicate better 
water quality. 
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Figure 51. Water quality analysis results for parameters dissolved oxygen (DO), 
Escherichia coli (E. coli), fecal coliform, long-term turbidity, pH and short-term turbidity. 
Percent exceedance is an exceedance over the thresholds described in Table 6. 
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Table 6. Overall water quality results for Ghost Watershed (classifications derived from 
Bow River Basin Council Water Quality Indicator in the 2005 State of the Bow River Basin 
report).  

 

6.3.2 Dissolved Oxygen 
Oxygen dissolves in water, especially in turbulent water, and is essential for the survival of most 
aquatic species. Dissolved oxygen levels can be affected by water temperature, organic matter, 
and respiration of aquatic organisms and bacteria. DO levels in the Ghost Watershed were rated 
as “Natural” for Acute, Chronic and Mayfly thresholds. These results agree with past findings by 
Andrews (2006). The number of samples ranged from 73 at Ghost River, to 9,311 at Crossing 39. 

The average rating for the DO larval fish exceedance criteria in the entire watershed was “Good” 
(Table 6). However, the individual sub-watersheds rated “Fair” during certain sampling periods, 
specifically during the 1990s at Benchlands, the 2000s at Waiparous Creek, and the 2010s at 
Waiparous Creek, Ghost River and Ghost at 39 (Figure 51). Benchlands from 2008-2014 and 
Ghost at 39 in 2012 both were rated “Good” with under 10% of DO measurements exceeding 
threshold levels. Benchlands and the Ghost River during the 2000s, as well as Benchlands in the 
2010s, all rated “Natural” with no measurements exceeding threshold values (Table 6). It is 
important to note that care must be taken when interpreting these results, since fish habitat is 
highly variable in space and therefore may not be directly correlated to general water quality 
ratings. Reasons for low DO (and therefore exceedances of DO criteria) can include nutrient 
enrichment from agricultural runoff, higher water temperatures, discharge from municipal 
wastewater, and/or natural decay of vegetation. Low water levels often correlate with higher water 
temperatures (B. McAlpine, pers. comm.). 

Water Quality Indicator Threshold Criteria Rating
Acute NATURAL

Chronic NATURAL
Mayfly NATURAL

Larval Fish GOOD
Acute NATURAL

Chronic NATURAL
Short-term GOOD
Long-term FAIR

E. Coli Exeedance GOOD
Fecal Coliform Exeedance GOOD

Exeedance NATURAL
Deviation from Baseline GOOD

Possibly Hazardous NATURAL
Hazardous NATURAL

Excessive Growth Potential NATURAL
Oligotrophic CAUTIONARY

GOOD

Turbidity

TOTAL AVERAGE

GHOST WATERSHED
NATURAL = 0% Exceedance

GOOD = 0.1% - 10% Exceedance
FAIR = 10%- 50% Exceedance

CAUTIONARY > 50% Exceedance

Dissolved Oxygen

Nitrogen: Nitrate

pH

Sp. Conductance

Total Dissolved Phosphorus



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

83 

6.3.3 Nitrogen: Nitrate 
Nitrogen is an essential component of a healthy aquatic ecosystem; however, excess amounts 
can cause algal blooms and reduce levels of dissolved oxygen. Increased nitrate levels can occur 
through seepage from wastewater to surface waters, fertilizer runoff, animal manure, and septic 
tank leakages. The average rating for nitrate measurements in the entire Ghost Watershed was 
“Natural”, with zero percent of measurements exceeding both acute and chronic threshold levels 
in each sub-watershed studied (Table 6). Sample size ranged from 80 samples at Benchlands to 
109 samples at both Waiparous Creek and Ghost River. Although these results are encouraging 
and agree with past water quality findings in the area (Andrews 2006), they should be interpreted 
cautiously since data were only available since 2000.  

6.3.4 Turbidity 
Turbidity is a measure of the “cloudiness” of a water body, and is due to the concentration of 
particles suspended in the water column. High levels of turbidity can affect drinking water quality, 
threaten aquatic habitat, and restrict the ability of fish to absorb dissolved oxygen. High sediment 
levels are often the primary source of turbidity and can be generated from natural sources, such 
as steep-slope erosion, or anthropogenic sources such as OHV activity. Long-term turbidity levels 
may be more detrimental to the environment than short-term turbidity, since aquatic organisms 
are exposed to the effects of turbidity over a longer duration of time. A good example of the 
difference between turbid water and clear water is presented in Figure 52. This figure 
demonstrates how watersheds can have fundamentally different sediment inputs, and suggests 
Waiparous Creek has higher sediment input relative to the Ghost River at the time of this photo.  

Turbidity levels were compared against baseline conditions, which are difficult to determine in 
natural systems. For the purpose of this study, baseline conditions are calculated as the median 
value of all data collected in each sub-watershed. The median was used because no historical 
dataset was available to determine historical baseline levels. Values which had NTU readings 
greater than 8 NTU of background (short-term) and 2 NTU (long-term) were flagged as exceeding 
background levels. Sample size ranged from 83 at Ghost River to 9,317 at Crossing 39. Caution 
is advised when interpreting this baseline value, as data only extend back to 1990 and therefore 
may not be indicative of a long-term natural baseline level.  

The average rating for short-term turbidity in the entire Ghost Watershed was “Good”. However, 
within each sub-watershed, short-term turbidity levels were rated “Fair” for Waiparous Creek, 
“Good” at Ghost River, “Natural” to “Fair” at Benchlands, and “Natural” at Ghost at Crossing 39 
(Figure 51). Of note, Waiparous Creek has registered turbidity values that exceed short-term 
thresholds between 11 and 15% of the time during the 2000s and 2010s. This may be in part due 
to the fact that the surficial geology of the Waiparous Creek watershed is comprised of a large 
proportion of highly erodible materials such as sand, silt and clay. Conversely, comprised of less 
erodible materials like bedrock and cobble, the Ghost River’s exceedance percentage has 
dropped from 7% in the 2000s to 5% in the 2010s. Sixty-five percent of high levels of measured 
turbidity occur during June peak flows, while the rest occur during July-September, coinciding 
with short-term spikes in streamflow due to precipitation events. This agrees nicely with past 
findings by Andrews (2006) and indicates that increases in streamflow can erode banks and 
mobilize sediment in the floodplain, contributing to turbidity inputs. It is also possible that OHV 
use has resulted in reduced bank stability; therefore, sediment inputs could be higher than natural.   
Such increases in turbidity can in part be mitigated through riparian and streambank restoration. 
Sediment can also result from sloped upland areas with exposed soil or reduced vegetation cover 
due to disturbance such as deforestation or forest fires (B. McAlpine, pers. comm.). 
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Figure 52. Confluence of Ghost River and Waiparous Creek demonstrating differences in 
turbidity (water clarity) following a rainfall event (photo credit: H. Unger). Note: The Ghost 
River and Waiparous Creek have different surficial geology and land use activities. 
 

Average long-term turbidity levels in the entire Ghost Watershed were rated as “Fair” (Table 6). 
The Waiparous Creek sub-watershed consistently rated “Fair”, the Ghost River sub-watershed 
rated “Fair” between 2000 and 2009 and “Good” during the 2010s, and the Ghost at Crossing 39 
rated “Fair” in the 2000s and “Good” in 2010-2015, while Benchlands rated “Fair” in all sampling 
periods except 2010-2015 in which it rated “Natural” (Figure 51). Caution is advised when 
interpreting long-term turbidity levels, as samples were only taken occasionally, making it difficult 
to discern whether measured levels were sustained over long periods, or were transient in nature. 
Sources of long-term turbidity issues can often be attributed to anthropogenic land use such as 
sediment from roads and forestry operations or erosion from extensive OHV use in floodplains. 
Further assessment into potential sources of erosion should be conducted and monitoring should 
be continued. 

6.3.5 Escherichia coli (E. coli) and Fecal Coliform 
Fecal coliform and E. coli are bacteria that indicate whether water has been potentially 
contaminated with human or animal fecal matter and therefore potentially contains human 
pathogens. These bacteria can indicate risks to human and animal health, and can enter the water 
system through septic seepage, urban runoff, and livestock and wildlife waste. 

Average E. coli levels were rated as “Good” for the Ghost Watershed as a whole (Table 6). 
Specifically, E. coli levels were “Natural” to “Good” in Waiparous Creek, the Ghost River and at 
Benchlands (Figure 51). Throughout the entire Ghost Watershed, thresholds of concern were 
exceeded only four times: at Waiparous Creek and Benchlands on June 7, 2004, at Benchlands 
on June 8, 2011, and at Ghost River on May 12, 2014. Sample sizes were similar for both E. coli 
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and fecal coliforms, and ranged from 79 to 109 measurements at Ghost River and Waiparous 
Creek, respectively.  

The average fecal coliform rating for the entire Ghost Watershed was “Good” (Table 6). Specific 
levels were “Natural” for Waiparous Creek, “Natural” to “Good” for the Ghost River, and “Natural” 
to “Fair” at Benchlands (Figure 51). Ghost River had one registered exceedance (May 12, 2014), 
while Benchlands had 18 exceedance events, indicating fecal coliform levels exceeding 100 
cells/100 mL approximately 22% of the time. As demonstrated through these results and the 
results of past studies, fecal coliform levels appear to be higher at sites further downstream, such 
as the Benchlands station in this study (Andrews 2006). Although E. coli exceedances were 
relatively low, fecal coliform exceedances were still quite high, especially at Benchlands, 
indicating that either E. coli was present but too low to detect or different organisms were present. 
These results warrant further investigation into the possible source of this water contamination, 
which typically originates from overflow of domestic sewage or runoff from animal or wildlife waste.  

6.3.6 pH 
pH is a measure of how alkaline or acidic a water body is, and can be affected by external inputs 
such as acid rain and agricultural, wastewater and industrial runoff, or by natural factors such as 
geology, precipitation frequency and water temperature.        

The pH levels were rated as “Natural” for the whole watershed, with no measurements more 
alkaline than 9.0 or more acid than 6.5 (Table 6). pH sample size ranged from 72 at Ghost River 
to 9,311 at Crossing 39. Again, these water quality results corroborate past findings in the 
watershed (Andrews 2006). However, when evaluating pH against baseline conditions (calculated 
as the median value of all data collected in each sub-watershed) many of the sub-watersheds 
showed deviations of more than 0.5 from baseline levels. The condition of the whole watershed 
(when compared to baseline) is “Good”, although in individual sub-watersheds pH deviated from 
baseline anywhere between 0% and 28% of the time. Sites rated as “Fair” by this indicator include 
Benchlands in the 2000s and Ghost at Crossing 39 during the 2010s, while Waiparous Creek and 
the Ghost River in 2010-2015 were rated as “Good”. The rest of the sampled sites were rated as 
“Natural” (Figure 51). Again, it is important to note that the extent of the water quality data is not 
ideal for the establishment of confident baseline levels, and therefore one must interpret these 
results with caution.  

6.3.7 Specific Conductance 
Specific conductance is an indicator of the presence of inorganic dissolved solids, particularly 
salts. High conductivity can indicate a high concentration of salt, which can result in poor water 
quality. Specific conductance levels are primarily a function of local geology; however, changes 
in conductivity can also indicate pollution from agricultural or industrial sources. Specific 
conductance levels were rated as “Natural” for all sites and periods. Levels never exceeded 
thresholds of concern for any measurements, and were generally 3 to 10 times below threshold 
(Table 6). Sample size ranged from 116 at Waiparous Creek to 9,304 at Crossing 39. 

6.3.8 Total Dissolved Phosphorus 
Phosphorus is a crucial nutrient for aquatic plant and algae growth, and is a key driver in the 
overall productivity of freshwater ecosystems (Environment and Climate Change Canada 2015). 
In fact, it is likely that phosphorus is limiting in all waterbodies within the Ghost Watershed (B. 
McAlpine, pers. comm.). Phosphorus can enter surface waters through runoff and soil/rock 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

86 

erosion, or anthropogenic inputs such as urban/municipal wastewater, industrial runoff or 
agricultural practices (in particular where fertilizers have been used and where animal feces is 
found). High concentrations of phosphorus can promote excessive plant and algae growth, algal 
(cyanobacteria) blooms, and declines in dissolved oxygen levels, potentially leading to fish 
mortality and poor ecosystem diversity. Conversely, low levels of total dissolved phosphorus can 
yield low aquatic productivity (oligotrophic environment). Phosphorus levels are generally lowest 
in mountain rivers where anthropogenic inputs are low and soils shallow, and highest further 
downstream in agricultural, industrial and urban areas. 

The average rating for the total dissolved phosphorus criteria was “Natural” for all sites and all 
periods. Also, as shown in other studies (Andrews 2006), the percentage of total dissolved 
phosphorus never reached above 0.015mg/L. In terms of the oligotrophic total dissolved 
phosphorus criteria, the average rating was “Cautionary”. All sites (Waiparous Creek and the 
Ghost River) had total dissolved phosphorus levels below 0.01mg/L more than 98% of the time 
during all time periods. Although this results in a cautionary rating, it is important to remember 
that this study area is in a mountain river environment, and therefore low phosphorus levels are 
considered to be normal. Sample size for the total dissolved phosphorus analyte ranged from 
zero at both Benchlands and Crossing 39, to 109 and 121 at Waiparous Creek and the Ghost 
River, respectively.  

6.4 Data Gaps 
There are gaps in the Ghost Watershed water quality dataset that make certain analyses 
unfeasible, such as determining chronic exceedance events and predicting the timing and 
periodicity of such events. Improving the quantity and coverage of water quality data in the Ghost 
Watershed would allow for more robust assessments and stronger confidence in indicator ratings. 

In particular, water temperature data are insufficient to determine weekly average values and thus 
calculate deviations from the weekly average threshold established by the Alberta government. 
Water temperature is an important parameter given that it is directly related to dissolved oxygen 
levels. Additionally, given that turbidity is an indicator that varies seasonally, a higher frequency 
of measurements during both high and low flow conditions is needed to confirm baseline levels 
with a higher degree of confidence.   

6.5 Recommendations 
The following are several recommendations to improve our understanding of water quality in the 
watershed in future: 

■ Select spatially representative sites within the watershed, ideally close to established 
Water Survey of Canada streamflow gauges. 

■ Calculate pollution loads using hydrologic data from nearby Water Survey of Canada 
stations. 

■ Install continuous water temperature and conductivity sensors at these sites. As 
conductivity often increases with turbidity and input of organic material, it can be a good 
indicator to study.  
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■ Further assess the sources of erosion. A study should be conducted to understand the 
role of human land use relative to natural sediment inputs. This study should involve 
installing continuous turbidity sensors, or increasing the number of periodic measurements 
to better understand seasonal and annual variations. 

■ Concerns exist around fecal coliform contamination from old septic fields and random 
camping. Further investigations to identify the source of fecal coliform inputs to the 
watershed should be conducted, particularly since high levels were measured at 
Benchlands. This investigation should take into account both surface water inputs as well 
as groundwater leaching. 

■ Perform aquatic invertebrate sampling (as per the Canadian Aquatic Biomonitoring 
Network protocols) at sites within the Ghost River Watershed, and use Ephemoptera, 
Plectoptera and Trichoptera (EPT) ratios as a proxy for water quality (see section 9.3.1.3 
for further details).  
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7. Groundwater  

7.1 Overview 
Groundwater quantity and quality are important indicators of watershed health, given that it is this 
water that provides a source of drinking water and supports a wide range of ecosystems. As 
human population growth increases and water use inevitably increases as well, groundwater 
quality and use will need to be adequately managed.  

Groundwater use is considered low in the Ghost Watershed; groundwater allocations (excluding 
household wells) represent only 0.04% of total water licences in the watershed and amount to 
approximately 57,000 m3/year (Alberta Environment and Parks 2015d). Furthermore, the 
allocations pertaining to groundwater wells are located in areas of the watershed that provide 
sufficient groundwater yield. From this we can assume that groundwater use in the watershed is 
sustainable.  

A groundwater quality vulnerability assessment (AESRD 2011a), which considers travel times of 
potential pollutants, concluded that parts of the watershed are highly vulnerable. These vulnerable 
areas are located in the valley bottom and in the headwaters of the Ghost River. Fortunately, this 
is a region with relatively little groundwater well development. The majority of groundwater wells 
are located in areas of the watershed that are less vulnerable, with the exception of those located 
in the valley bottom. Groundwater quality samples from these wells were historically good, with 
only one (fluoride) sample out of 83 measured exceeding maximum allowable concentrations 
when analysed for nitrate, nitrite, fluoride and pH, all of which are naturally occurring groundwater 
components. Collecting more up-to-date data, such as mineral concentrations, would enable this 
analysis to be more current and robust, and should be focused on wells located in the valley 
bottom given that this is an area of high vulnerability. 

7.2 Aquifers and Water Wells 
Aquifers are geologic units that have the ability to supply water to wells at a reasonable rate 
(Fetter 2001). Paleozoic limestones and dolomites and quaternary sands and gravels constitute 
important aquifers in the watershed. Their spatial ability to supply water is highly variable due to 
local conditions such as topography (Ozoray and Barnes 1978). Thick sand and gravel deposits 
are found along the Ghost River (Stalker 1961; Ozoray and Barnes 1978) as well as along many 
other creeks within the watershed (Figure 53). These sand and gravel deposits are mainly 
associated with fluvial (flowing water) and glaciofluvial deposits, which are classified as good 
aquifer material (Wei et al. 2009). Yet, groundwater is also available from areas overlain by other 
surficial material as shown in Figure 53. 
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Figure 53. Sand and gravel deposits found at the land surface (Pawley et al. 2015), 
surficial geology (Alberta Geological Survey 2013) and wells (Alberta Environment and 
Parks 2015a) in the Ghost Watershed. 
 

Wells located within the Ghost Watershed are also shown in Figure 54. The majority are located 
on the eastern side of the watershed, with a higher concentration in the southeast corner near 
Benchlands. Some old exploration wells are located near the Ghost River Wilderness Area 
boundary and near the South Ghost Pass. Well depths vary between 2 and 153 m below the 
ground surface. Surficial deposit thickness in the Calgary-Golden corridor was estimated at 
generally less than 15 m, but possibly as thick as 60 m along some rivers (Ozoray and Barnes 
1978). Consequently, well water either comes from unconsolidated materials (e.g., sand and 
gravel) or bedrock aquifers depending on local geology and well depth. Well use within the 
watershed is variable and ranges from domestic use to industrial and municipal use. Some wells 
appear to have no specific use or are listed as unknown, while the majority of the wells are for 
domestic purposes. Owners of some of the industrial wells are listed as oil and gas companies 
(e.g., Petro-Canada and Imperial Oil Ltd.), while others remain unidentified. 
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7.3 Groundwater Licences and Sectoral Groundwater Allocation 
The locations of groundwater licences issued within the Ghost Watershed are shown in Figure 
54. 

 
Figure 54. Location of groundwater licences (AESRD 2011a) in the Ghost Watershed, 
and estimated average groundwater yield. 
 

The number of wells drilled within the watershed exceeds the number of groundwater licences. 
This is because in Alberta, licences are not required for groundwater that is used for household 
or traditional agriculture use, fire-fighting, or when wells are equipped with a hand-pump (Alberta 
Environment n.d.). Licences specifically indicate the maximum annual volume of groundwater 
allocated and not the actual groundwater use (Alberta Water Portal 2013). The 12 total 
groundwater licences represent only 4.3% of the total number of water licences in the Ghost 
Watershed. Groundwater licences in the watershed are issued for commercial (water bottling), 
recreational (fairgrounds, entertainments centres, etc.), municipal (training centres and schools) 
and agricultural (stock watering and application of agricultural products) uses. The total volume 
of groundwater allocated in the watershed every year is 57,006 m3, and is organized by sector in 
Table 7. The largest annual allocation belongs to the commercial sector and accounts for 37% of 
total yearly groundwater allocation, followed by agricultural with 28%, recreational with 20% and 
municipal with 15%. 

  



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

91 

Table 7. Number of groundwater licences and annual allocation per sector in the Ghost 
Watershed (Alberta Environment and Parks 2015d). 

Sector No. of Licences Allocation  
(m3/year) % 

Commercial 1 20,970 37% 

Recreational 2 11,778 20% 

Municipal 1 8,461 15% 

Agricultural 8 15,797 28% 

Total 12 57,006 100% 

 

7.4 Groundwater Yield 
Sustainable groundwater yield is defined as the volume of water an aquifer can produce while 
maintaining acceptable environmental conditions. When groundwater pumping is higher than the 
yield, it is possible to have adverse effects on river flows and deplete groundwater resources 
(Alley et al. 1999). Estimates of average water well yield for most of Alberta is available from 
Lemay and Guha (2009). Figure 54 displays estimated average water well yield for the Ghost 
Watershed and the location of groundwater licences.  

All groundwater licences are located within areas of average yield between 12,000 and 60,000 
m3/year (yellow), and 60,000 and 242,000 m3/year (green) (Figure 54). None of the licences’ 
allocation volume exceeds the maximum average yield assigned to the area in which they are 
located. From this information, we assume that groundwater allocation is sustainable; however, 
water allocation volumes will require adjustment if a long-term decline in groundwater recharge is 
experienced due to potential climate or land use changes. 

This assessment comes with a few limitations. Among others, (1) local hydrogeological conditions 
can lead to lower yield than what is estimated by Lemay and Guha (2009), potentially depleting 
groundwater resources, (2) excessive use of surface water can decrease water levels in 
neighbouring wells if connected, and (3) groundwater use is not fully accounted for because not 
all groundwater users are required to obtain a licence. Available groundwater yield information 
needs to be used with care; it merely describes the general well water yield condition in the 
watershed and cannot be used for planning purposes. More detailed hydrogeological investigation 
is required to assess the sustainability of groundwater resources in the Ghost Watershed. 

7.5 Groundwater Vulnerability Mapping  
Alberta Environment and Sustainable Resource Development (2011a) developed a series of 
surface groundwater vulnerability regional maps for Alberta. The maps were produced from 
generalized geological information, hydrogeological conditions, and land use inventory maps. The 
maps display the relative sensitivity of shallow groundwater quality to surface contaminants based 
on travel time of potential contaminants and land use, not the presence of aquifers. The faster the 
travel time, the higher the sensitivity. Travel time is faster through coarse materials (e.g., gravel) 
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or if preferential fractures are encountered (e.g., clay). Figure 55 displays the relative shallow 
groundwater vulnerability of the Ghost Watershed.  

 
Figure 55. Shallow groundwater vulnerability map for the Ghost Watershed (AESRD 
2011a). 
 

A large portion of the Ghost Watershed is ranked as “high” vulnerability. However, “low” 
vulnerability comprises the next largest portion, followed by “very high” and “medium” 
vulnerability. “Very high” and “high” vulnerability zones are generally associated with bedrock, 
and fluvial, glaciofluvial and colluvial deposits at the surface. These deposits are all classified as 
good aquifer material (Wei et al. 2009), so they likely provide relatively fast travel time. On the 
other hand, surficial geology of “medium” and “low” vulnerability zones is made of relatively finer 
material (moraines, glaciolacustrine deposits and fluted moraine) which protects shallow 
groundwater from surface contamination due to slower travel times (Alberta Agriculture and 
Forestry 2015). 
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7.6 Groundwater Quality in the Ghost Watershed 
Chemical analysis reports are available for 83 groundwater locations (wells and springs) in the 
Ghost Watershed. These reports inform us about historical groundwater quality, as groundwater 
sampling was conducted in the 1920s, 1970s and 1980s for routine water quality parameters. The 
main water use at tested locations was domestic; however, samples were also tested for the 
industrial, agricultural and municipal sectors. 

Routine groundwater sampling and analysis are recommended to assess the physical and 
chemical properties of the water, and identify the presence of trace elements, organic 
contaminants and microbiological compounds (Alberta Health Protection Branch 2014). None of 
the available reports for the Ghost Watershed include trace element, organic contaminant or 
microbiological analyses. Here, a watershed-scale groundwater quality assessment is presented 
based on drinking water requirements, with a focus on water quality indicators (physical and 
chemical) that present a potential risk to human health. Four water quality parameters with 
potential risk to human health were analysed in the watershed: pH, nitrate-N, nitrite-N and fluoride. 
A maximum acceptable concentration (MAC) is attributed to each parameter by Health Canada 
(2014), which represents the level that is known or suspected to be harmful to humans. The MAC 
for the four indicators, the total number of samples and the number of samples with levels above 
the MAC are presented in Table 8. 

Table 8. Water quality indicators, maximum acceptable concentration (MAC), total number 
of samples and number of samples with levels above MAC. 

  No. of Samples 
Indicator MAC Total Above MAC 

Nitrate-N 10 18 0 

Nitrite-N 1 67 0 

Fluoride 1.5 80 1 

pH <6.5 79 0 

 

Based on this analysis, the groundwater quality in the Ghost Watershed is considered good. Most 
samples had acceptable levels of nitrate-N, nitrite-N, fluoride and pH. Fluoride was the only water 
quality parameter with levels above the MAC (1.5 mg/L). The one sample with fluoride higher than 
the MAC had 1.55 mg/L, which is still a relatively low concentration and found naturally in 
groundwater.  

Total dissolved solids (TDS), sodium, potassium and sulphate were also tested in groundwater 
samples from the watershed. These water quality parameters are not assigned a MAC but can, 
at high levels, cause physical discomfort in humans (TDS, sulphate) or affect people with specific 
conditions (sodium, potassium) (Alberta Health Protection Branch 2014). In the Ghost Watershed, 
only three samples had high levels of TDS (1190 mg/L, 1128 mg/L and 1092 mg/L) and one had 
high levels of sulphate (591 mg/L).  
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Based on the historical chemical analysis reports and water quality indicators available for the 
watershed, groundwater quality is considered safe for human consumption. However, it is 
recommended that new groundwater quality information be obtained to get a picture of the 
present-day groundwater conditions, and to assess how these conditions have changed over 
time. 

7.7 Data Gaps 
Improving the detail of spatial groundwater datasets in the Ghost Watershed would allow for a 
more confident and robust analysis. Certain groundwater data were lacking in this assessment 
including data on surficial geology depth, current groundwater quality data, and groundwater 
vulnerability data that are based on present aquifers, not geological features. Well water depth, 
which can be measured cheaply and easily, would be another insightful dataset to obtain in the 
future. 

7.8 Recommendations 
In order to improve our understanding of the current and future groundwater condition in the Ghost 
Watershed, the following measures are recommended:  

■ Collect more detailed spatial data concerning aquifer location and depth. 

■ Update groundwater quality datasets with current samples to provide a better 
understanding of the present groundwater condition. 

■ Establish a long-term monitoring plan to survey the state of groundwater in the Ghost 
Watershed to enable better watershed management in the face of a changing climate and 
increased anthropogenic pressures.  
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8. Riparian Health 

8.1 Overview 
Riparian areas, i.e., the vegetated zones that border lakes, wetlands, streams and rivers, are 
crucial players in any watershed because they form an ecosystem that is essential for both aquatic 
and terrestrial species, including invertebrates, fish and wildlife populations. Properly functioning 
riparian areas also filter runoff from rain and snowmelt, stabilize banks to reduce erosion, store 
and release water, and maintain the integrity of fish habitat. In short, a healthy watershed needs 
healthy riparian areas. 

Wetlands are low-lying areas that are inundated with water, or where water is at least present 
near the surface at some point during the growing season. They support a range of aquatic plant 
species and wildlife. Wetlands play an important role in watershed function by filtering water, 
slowing down runoff, and promoting biodiversity. The total area occupied by wetlands is relatively 
low in mountain-foothill environments like the Ghost Watershed. Therefore, these areas are 
considered to be highly valuable.   

The most recent publicly available inventories of riparian health in the Ghost Watershed took 
place during 2010 along Waiparous Creek and 2011 within the rest of the watershed. The sites 
inventoried in the Waiparous Creek sub-watershed were in generally good health, with a few 
areas of moderate to severe degradation, particularly on Johnson and Meadow creeks, and 
largely as a result of OHV activity.  

Most of the sites sampled along the Ghost River and its tributaries were rated healthy, with some 
areas of sub-optimal rating, specifically a bermed section of river near Benchlands where the 
riparian area was substantially altered. Less severe problems occurred at one site on Baymar 
Creek where livestock grazing appeared to be contributing to an excess of invasive and 
disturbance-associated plants, and near the confluence with the Ghost Reservoir, where the 
channel has shifted, leading to bank instability and an increase in invasive plants.  

8.2 Riparian Health Inventories within the Ghost Watershed 
Riparian health inventories are important tools, providing resource managers and landowners 
with an understanding of the general health and condition of their riparian areas (Cows and Fish 
2002). Riparian health inventories are detailed evaluations of the characteristics of a riparian zone 
and were conducted for the Ghost Watershed in 2010 and 2011. Vegetation features and 
soil/hydrology features are scored. The health of the site is determined by comparing the total 
points scored to the potential total using three categories: healthy (score ≥80%), healthy, but with 
problems (score between 60 and 79%) and unhealthy (score <60%). Inventories conducted in the 
Ghost Watershed followed methods described in Ambrose et al. (2009) and Fitch et al. (2009). 
Representative sections of the water courses were chosen for assessment, averaging 0.8 km in 
length. It must be noted that there may be areas within each reach that differ in health from the 
overall rating, such as OHV crossings. Similarly, representative portions of wetlands were 
assessed, and the health rating is a reflection of the average health. Only the common names of 
plant species are used in this chapter. Common and scientific names are provided in Appendix 
A. 

For riparian vegetation to be considered in healthy condition it must provide sufficient coverage 
for shading, filtering runoff, stabilizing banks and providing habitat (Tripp et al. 2009). The 
vegetative community must also support diversity and abundance of native species, as native 
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plants can perform these functions to a higher degree than non-native plants (Cows and Fish 
2003). Of particular threat to native plant communities are invasive non-native species (typically 
noxious or prohibited noxious weed species, as listed in the Alberta Weed Control Act) or 
disturbance-caused species (native or introduced plant species which are well adapted to 
disturbances or an environment of continual stress). These plants can take hold in specific riparian 
areas and out-compete desirable native species. Generally, disturbance-caused plants do not 
provide a root mass system that is deep enough for bank stability in larger streams (Cows and 
Fish 2012b). Furthermore, invasive species often have little to no forage value and thus degrade 
wildlife habitat and reduce biodiversity. This is generally the case because both invasive and 
disturbance-caused species can create monocultures where they outcompete all other species in 
an area. 

Healthy riparian soils should be protected from erosion and compaction from vehicle traffic, 
livestock trampling and recreational trail use. Compacted soils have a lower ability to store and 
hold water, thus increasing runoff and altering aquifer recharge (Winkler et al. 2010). Eroded soils 
can decrease water quality by increasing sediment content in streams. Hydrological indicators 
such as bank stability, connectivity or alteration of floodplains, and channel incisement are also 
good measures of riparian health as they point to potential areas of erosion or deviations from the 
natural hydrologic regime. 

A riparian health inventory was carried out by Cows and Fish in the summer of 2010 on Waiparous 
Creek and its tributaries, specifically Johnson Creek, Meadow Creek, Lost Knife Creek, Four Mile 
Creek, Aura Creek, and associated wetland complexes, as well as an unnamed tributary (Cows 
and Fish 2011). A total of 34 lotic (flowing water) riparian sites were inventoried, along with three 
lentic (still water) wetland sites, equalling approximately 26 km of stream length and 7 hectares 
of wetland area in total. See Table 9 for further details.  

Table 9. Riparian health inventory sites sampled in 2010 by Cows and Fish along 
Waiparous Creek and its tributaries (Cows and Fish 2011). 

Stream No. of Riparian 
Inventories 

Streambank Distance 
Inventoried (km) 

Approximate 
Streambank Length 

within Project Area (km) 
Waiparous Creek 14 12.4 42 

Johnson Creek 4 4.0 13 

Meadow Creek 5 4.2 10 

Lost Knife Creek 3 2.5 6 

Four Mile Creek 4 1.4 7 
Unnamed tributary to 
Waiparous creek 1 0.6 14 

Aura Creek 3 1.4 4 

Wetland No. of Riparian 
Inventories 

Wetland Area 
Inventoried (ha)  

Aura wetlands 3 7  
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In the summer of 2011, 28 lotic riparian sites were inventoried along the Ghost River and its 
tributaries (South Ghost River, Lesueur Creek, Baymar Creek, Jamieson Creek and Robinson 
Creek) as well as three lentic wetland sites, two near Lesueur Creek and one near the Ghost 
River (Cows and Fish 2012b) (Figure 56). These sites equal approximately 22 km of inventoried 
stream length. See Table 10 for further details. 

Table 10. Riparian health inventory sites sampled in 2011 by Cows and Fish along the 
Ghost River and its tributaries (Cows and Fish 2012b). 

Stream / Waterbody No. of Riparian  
Inventories 

Bank Distance 
Inventoried (km) 

Average Riparian 
Health Score 

Ghost River 12 8.7 88% 
South Ghost River 2 2.1 96% 
Lesueur Creek  
(and tributaries) 6 4.5 85% 

Baymar Creek 3 1.9 86% 
Jamieson Creek 3 1.9 87% 
Robinson Creek (2010) 2 2.0 84% 
Lesueur Creek wetlands 2 0.8 95% 
Wetland near Ghost River 1 0.4 63% 
 

 
Figure 56. Regions within which the 2010 (yellow dotted lines) and 2011 (orange 
dotted lines) riparian health inventories were conducted (Cows and Fish 2012b). 
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8.3 Lotic Health Inventories in the Ghost River Watershed 

8.3.1 Waiparous Creek Watershed, 2010 Lotic Riparian Health Results 
Overview 
Results of the 2010 lotic riparian health inventory of Waiparous Creek and its tributaries indicated 
an average overall riparian health rating of 92% (healthy). Individually, 15% of the lotic sites and 
one wetland site ranked healthy but with problems, and no sites were assessed as unhealthy. 
When weighting the scores by area, the overall average decreases to 88% for lotic sites. This is 
primarily due to two large sites that ranked healthy but with problems. Vegetation inventories 
reported an average of 104 native plant species at each site, including trees such as white spruce 
and aspen, and shrubs such as willow and silverberry. Inventories of disturbance-caused species 
in the watershed included Kentucky bluegrass and clover, as well as invasive noxious3 weeds 
such as yellow clematis and perennial sow-thistle. A total of 33 disturbance species and four 
invasive species were found in the Waiparous Watershed in 2010 (Cows and Fish 2011). Overall 
results indicated that the Waiparous Watershed was in generally good health with isolated areas 
of moderately degraded riparian function. However, as noted in the 2010 riparian health inventory 
and as discussed in Chapter 6, Waiparous Creek often demonstrates high sediment loads 
(Andrews 2006). This suggests that even isolated areas of degraded riparian health may have a 
significant impact on water quality. This may also indicate that certain land uses in the uplands 
may be overtaxing the riparian function (Cows and Fish 2011). It is therefore important to consider 
upland land uses in conjunction with riparian functions (Cows and Fish 2011).   

In general, all sites along the Waiparous Creek were rated healthy except one (WAI4) located in 
the Ghost River grazing allotment. The dominant vegetation type consisted of white spruce trees 
and shrub understory, comprising approximately 60-87% of the woody cover (Cows and Fish 
2011). A section of Waiparous Creek near the Waiparous village also had approximately 10% 
balsam poplar and willow cover. There was diversity and an abundance of plant species along 
Waiparous Creek, with approximately 23 disturbance species, including the invasive yellow 
clematis located along the creek near the village. High intensity recreational use impacts (stream 
crossings and bank alterations by OHVs) are the main cause of decreased riparian health in this 
reach. Approximately 20% of site WAI1 in the Aura Cache grazing allotment has been physically 
altered by quad trails, and 3% of the riparian area near the Waiparous village had bare exposed 
soil from recreational trails (Cows and Fish 2011). Overall there was no significant channel 
incisement or down-cutting along inventoried sections of Waiparous Creek.  

Of the five sites assessed along Johnson Creek, four were rated healthy and one was rated 
healthy but with problems (JON1) (Cows and Fish 2011). Aside from significant recreational use 
impacts at site JON1 and to a lesser extent at site JON2, few physical alterations to the riparian 
area were observed at the sites (Figure 57; Cows and Fish 2011). However, the upstream end of 
the JON1 site was dominated by disturbance species such as Kentucky bluegrass, quack grass 
and common dandelion, which is attributed to livestock grazing and high intensity recreational 
use. In addition, 7% of the plant species were introduced, three of which were noxious and 
invasive (i.e., Canada thistle, perennial sow-thistle and tall buttercup).  

 

                                                 
3 Noxious designation is based on the Weed Control Regulation, Weed Control Act (Province of Alberta 
2010) 
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Figure 57. Soil compaction and exposed ground near JON1 from 
motorized recreational use (photo credit: Cows and Fish). 
 

Meadow Creek was rated healthy overall, but two of the five sites were rated healthy but with 
problems (Cows and Fish 2011). A water sedge community was the dominant vegetation type 
along Meadow Creek, including the saturated beaver-modified meadows. Beaver activity was a 
major natural disturbance in this watershed as there were many flooded areas from beaver dams. 
Beavers can help shape the watershed; they can “trap sediment, elevate stream channels, reduce 
incisement, increase water tables and allow greater riparian vegetation establishment and 
maintenance” (Fitch 2016). White spruce and willows occurred along the drier outer fringe and 
provided 69% of woody cover. Seven percent of the plant species were disturbance species and 
two invasive species were observed. Of particular interest, a rare native species was discovered, 
mountain mare’s-tail. Along a tributary to Meadow Creek (MDX1), 3% of the streambank and 30% 
of the remainder of the riparian area had been physically altered due to disturbance from OHVs, 
and pugging and hummocking (deep hoof prints and raised mounds of soil in between) from 
livestock trampling (Cows and Fish 2011). 

All sites on Lost Knife Creek were rated healthy (Cows and Fish 2011). Woody vegetation 
consisted of willow/sedge and white spruce communities. There was excellent diversity (105) in 
plant species, including one noxious species (Canada thistle). Very minimal bare ground was 
observed with some incised stream banks from recent beaver dam ruptures (Cows and Fish 
2011).  

Of the three sites along Four Mile Creek, two were healthy and one was healthy but with problems 
(FOU2) (Cows and Fish 2011). There was very little physical alteration along this creek; however, 
recent beaver dam ruptures have led to moderate channel incisement and slumping.  

An unnamed tributary to Waiparous Creek was rated healthy, with no invasive species and 94% 
composition of native species (Cows and Fish 2011). The woody vegetation was dominated by 
willow, with white spruce along the outer drier fringe. Twenty-five percent of the bank was unstable 
due to a lack of deep binding roots, likely because of beaver activity.  
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Aura Creek was considered healthy, with 90% native species and two invasive and noxious 
species (Canada thistle and perennial sow-thistle). There was evidence of light browsing by 
wildlife, but the main impacts were from OHV trail crossings. The section of creek that was 
assessed had a good deep-binding root mass stabilizing the stream banks. 

8.3.2 Ghost River Watershed, 2011 Lotic Riparian Health Results Overview 
Results from the 2011 inventory of the Ghost River and its tributaries (excluding Waiparous 
Creek) produced an area-weighted average score for all 31 sites of 90%, in the healthy category, 
with few areas of concern. Vegetation inventories reported numerous native plant species at each 
site, including white spruce, balsam poplar, northern wheat grass, wire rush, sedges, broad-
leaved fireweed and common horsetail. Inventories of disturbance-caused species in the 
watershed included such species as Kentucky bluegrass, smooth brome and common dandelion 
(Cows and Fish 2012b).  

Of the 12 sites inventoried along the Ghost River, 10 were healthy, one was healthy with 
problems, and another was rated unhealthy (Cows and Fish 2012b; Figure 58). The dominant 
plant community types were white spruce/shrub and yellow mountain avens/June grass. Of the 
226 plant species present, 7% comprised disturbance species, five of which were noxious 
invasive weeds: Canada thistle, perennial sow-thistle, ox-eye daisy, yellow clematis and yellow 
toadflax. The greatest impact along this reach was due to a bermed section of the river near 
Benchlands (Figure 58). The site immediately downstream of the diversion differed from the 
others in having very low tree cover (less than 5%). It is possible that this was a result of long-
term water diversion; however, there were insufficient streamflow data to determine the exact 
cause. Another physical human alteration pertained to the mouth of the Ghost River at the Ghost 
Reservoir where the channel has shifted its natural course in response to the elevated water 
levels. Altered areas of deposition have led to a higher distribution and abundance of invasive 
and disturbance species, and reduced bank stability due to poor root mass protection. 

 
Figure 58. Example of an unhealthy riparian area (site GHR7) due to  
rip-rap (photo credit: Cows and Fish). 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

101 

Two sites were inventoried along the South Ghost River, both of which were rated healthy (Cows 
and Fish 2012b). Although white spruce dominated, 13% of the vegetation consisted of balsam 
poplar. This is an important tree type providing stability to stream banks through deep root 
systems. All parameters scored satisfactorily within this reach and no physical human alterations 
were observed.  

Four sites along Lesueur Creek were inventoried along with single sites on two tributaries. All 
were rated healthy. The main issues along this reach were woody vegetation removal and ground 
disturbance from random camping and OHV use. Such impacts can facilitate the establishment 
of invasive plant species (present on half of the sites), and cause alterations to the stream bank. 
At the time of the inventory, 6% of the stream bank and 3% of the entire riparian area had been 
affected (Cows and Fish 2012b).  

Of the three sites sampled along Baymar creek, two were healthy and one was healthy but with 
problems (Cows and Fish 2012b). The major issues along this reach were the distribution of 
invasive and disturbance-caused species, and the lack of deep-rooted vegetation for bank 
stability. It is thought that long-term grazing from livestock may have contributed to this reduced 
riparian function.  

Two sites along Jamieson Creek were inventoried along with a site on one of its tributaries. All 
sites were rated healthy (Cows and Fish 2012b). In general, the greatest impacts to riparian health 
involved human alteration to the flood plain. These alterations (soil compaction and exposure of 
bare ground) appeared to have resulted from past grazing use and removal of woody vegetation, 
and can provide favourable conditions for invasive and disturbance-caused plants.  

Two sites were inventoried along Robinson Creek and both were rated healthy (Cows and Fish 
2012b). Although an unhealthy distribution of invasive species was observed, there was excellent 
canopy coverage of the riparian area, mainly by native species. Even though historical grazing 
has significantly altered the floodplain and streambanks, impacts were slowly recovering due to 
positive effects from beaver activity.  

8.4 2010-2011 Lentic Health Results Overview 
According to ALCES Online, an online geographic information system that tracks land cover, the 
total area of wetlands within the Ghost Watershed is 64.16 km2, or 6.77% of the total area. 
However, a complete wetland inventory has not yet been undertaken by the Alberta government. 
Approximately 10% of the total wetland was categorized as shrub wetland, and the remaining 
portion was split approximately 46% and 44% between herbaceous and treed wetland classes, 
respectively (Figure 59, Table 11). Wetlands were more abundant in the lowlands of the Ghost 
Watershed and less abundant in the headwaters (Figure 59).  

According to the 2010 riparian health inventory of the Waiparous Watershed, the average total 
riparian health score for the Aura wetlands was 86% (Cows and Fish 2011). However, the “Aura 
Wetland” at the headwaters of Aura Creek (AUR3) was rated 62% due to livestock grazing 
pressure and horse use, causing a reduction in vegetation cover on 20% of the site, as well as 
soil compaction, pugging and hummocking.   

Two of the wetlands within Lesueur Creek watershed were inventoried in 2011; both were rated 
as healthy (Cows and Fish 2012b). The notable impacts to riparian function included a minor 
amount of woody vegetation clearing and browsing, and a trace level of invasive species. 
Evidence of recreational use was also observed. As stated in the 2011 inventory, “limiting 
recreational activities within riparian areas is important in maintaining the performance of riparian 
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functions” (Cows and Fish 2012b: 29). A wetland near the Ghost River was inventoried and rated 
healthy but with problems (Cows and Fish 2012b), however this wetland is not naturally occurring 
and was created by a berm along the Ghost River that cuts off a small back-channel. The 
distribution and coverage of invasive and disturbance-caused species was considered an issue 
of concern, as well as browsing, woody vegetation removal and human alterations (soil 
compaction and bare earth from trails).  

 
Figure 59. Spatial distribution of wetlands throughout the Ghost Watershed (ABMI 2010). 

 

Table 11. Ghost Watershed wetland class and composition. 

Wetland Type Total Area (km2) Percent 
Herbaceous Wetland 29.50 46% 
Shrub Wetland 6.38 9.9% 
Treed Wetland 28.27 44.1% 

Total ~ 64.16 100% 
 

  



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

103 

8.5 Data Gaps and Limitations 
A full wetland inventory has not been completed for the Ghost Watershed. As wetlands are 
sensitive areas, are essential to wildlife, and provide biodiversity and key ecosystem functions, 
such an inventory would be valuable. It would provide information on wetland extent and type. 
This could guide future land management decisions.  

While the riparian health inventories conducted to date provide a glimpse into the state of the 
watershed, they are a snapshot in time, and are limited with respect to representing the area as 
a whole. In order to get a comprehensive, holistic understanding of the state of the riparian health 
in the Ghost Watershed, it would be beneficial to perform ongoing monitoring. It would also be 
useful to add additional riparian health monitoring sites given that the number of sites was limited. 
Further riparian health inventories have been conducted in the watershed by consultants hired by 
the Rocky Mountain Forest Range Association (RMFRA) or by individual allotment holders. This 
includes the reassessment of some of the sites surveyed by Cows and Fish. However, this 
information was not available for inclusion in this report at this time. 

8.6 Recommendations 
Maintaining and improving the condition of all key riparian components is an integral aspect in 
achieving sustainable environmental health of the Ghost Watershed. As such, the following 
measures are recommended: 

■ Focus environmental management on areas where trends in riparian health are 
decreasing, or currently sub-optimal, such as site JON1.  

■ Monitor the existing riparian health sites every three to five years to provide information 
on trends in riparian health. This is especially important due to the impact of water quality 
on downstream water users.  

■ If feasible, add additional riparian monitoring sites, particularly in areas where recreational 
and industrial activity is prevalent. 

■ Obtain riparian health assessment results from the RMFRA or individual allotment holders, 
as applicable. 

■ Implement measures to decrease the spread of invasive species, such as minimization of 
exposed soil and maintenance of native plant communities. 

■ Improve livestock management and discourage livestock presence in riparian areas. 

■  Limit recreational impacts on riparian areas in order to maintain riparian function. 

■ Conduct a comprehensive wetland inventory in the Ghost Watershed. Understanding the 
current condition of wetlands in the watershed and the impacts of land uses in adjacent 
uplands would help promote the maintenance of these important systems. 
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9. Biodiversity and Wildlife Resources  

9.1 Overview 
The numerous natural subregions represented within the Ghost Watershed, including Alpine, 
Subalpine, Montane, Upper and Lower Foothills, and Foothills Parkland, provide a complexity that 
supports biodiversity. Generally, the biota in the watershed is rich and diverse, with a variety of 
wildlife, fish and plant populations.  

Species at risk indicators appear to suggest that the biodiversity of the watershed is relatively 
high; however, declining trends in certain populations are expected in the future. Westslope 
cutthroat trout have been found in genetically pure populations throughout the watershed, with a 
number of hybrid populations also documented. The threat from hybridization with invasive fish 
species presents a substantial challenge for westslope cutthroat trout. Bull trout are also 
considered at high risk within the Ghost Watershed. This could be due to the dominance of 
invasive fish species (e.g., brook trout) in the watershed, cumulative impacts threatening bull trout, 
including habitat loss and degradation, and possibly poaching or historic overfishing. In addition 
to altered habitats, the Ghost Watershed is within a whirling disease infected area. This disease 
affects salmonid fish although susceptibility differs among species, and ultimately can lead to high 
mortality of juvenile fish.   

Several rare plant species have been documented within the watershed. Invertebrate 
communities in the Ghost Watershed indicate a healthy aquatic ecosystem with a high presence 
of pollution-intolerant species. The grizzly bear is a keystone indicator species and has been 
documented at multiple locations within the watershed despite moderate human presence. The 
presence of grizzly bears is often indicative of a healthy ecosystem containing large patches of 
undisturbed habitat; therefore, it is important to maintain their populations in the face of increasing 
human presence and habitat fragmentation. 

Pressure from disturbance indicators, such as habitat fragmentation and spread of invasive 
species, is generally rated as low in the Ghost Watershed. Native vegetation cover is high at 85%. 
Despite these promising indications of good ecological health, road densities, specifically, have 
approached levels at which grizzly bears will be significantly displaced and bull trout and 
westslope cutthroat trout populations are at high risk. Furthermore, invasive plant species seem 
to be widespread in the riparian zones, as documented by Cows and Fish (2011, 2012b), and 
also occur in disturbed areas (A. Holcroft Weerstra, pers. comm.). 

9.2 Measures of Biodiversity 
Biodiversity is an abstract concept that has been measured in numerous ways by ecologists, 
biologists and conservationists alike. One simple measure of biodiversity that is often used is the 
concept of species diversity, which incorporates species evenness and richness into a single 
metric. Assessing the relative abundance (evenness) of species often requires large amounts of 
survey data over long periods of time. Species richness, on the other hand, is a simple measure 
of the number of species present in a sample, community or region. 

The Alberta government has inventoried the presence of some species of vertebrates and 
invertebrates in the Ghost Watershed (Table 12). Information is available in the Fisheries and 
Wildlife Management Information System (FWMIS) which, in the case of the Ghost Watershed, 
also includes records from museum, university and federal government studies, consultants and 
individuals. Further information was obtained from Alberta Breeding Bird Atlas data (Bird Studies 
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Canada 2017a, 2017b), local qualified observers and eBird checklists (online database of bird 
distribution and abundance - http://www.ebird.org). In addition, a Breeding Bird Survey route was 
established in 1992 (route 04-215 Ghost Lake) that extends into the Ghost Watershed (mile 20 to 
mile 50) (Pardieck et al. 2016); data from 1992 to 2015 were available. The resulting species lists 
from these sources is not exhaustive and should only be used as a guide. Given the limited 
species inventory data in the Ghost Watershed, a measure of species diversity has not been 
calculated. Instead, amphibian, fish and invertebrate species lists are presented in Table 12, and 
lists of 30 mammal and 157 bird species (residents and migrants) are included in Appendices B 
and C. Only the common names of plant and wildlife species are primarily used in this chapter. 
Common and scientific names are provided in Appendix A. 

Table 12. Summary of species inventoried in the Ghost Watershed by the Canadian Aquatic 
Bio-monitoring Network, and amphibian and fish species recorded in the FWMIS database 
(Alberta Environment and Parks 2017b, 2017c). 

Animal Group Species 

Amphibians Western toad, boreal chorus frog, wood frog 

Fish 

Spoonhead sculpin, westslope cutthroat trout, rainbow trout, 
cutthroat-rainbow hybrid, mountain whitefish, brown trout, bull trout, 
brook trout, longnose dace, longnose sucker, burbot,  
brook stickleback 

Invertebrates Water mites, midges, blackflies, mayflies, stoneflies, caddisflies, 
riffle beetles, crane flies, dagger flies, worms 

9.3 Indicators of Biodiversity 
Given that biodiversity is often difficult to directly measure, and virtually impossible to measure 
considering the lack of required data in the Ghost Watershed, the use of indicator species, 
disturbance indicators, and critical habitat as biodiversity gauges is employed throughout the 
remainder of this chapter. By analysing the status and trend of indicator species (species at risk, 
keystone species, and fish and invertebrate communities), disturbances (fragmentation and 
invasive species), and critical habitats (old growth forests and native grasslands), a better 
understanding of the current level of biological diversity in the Ghost Watershed will be achieved. 

9.3.1 Indicator Species 

9.3.1.1 Species at Risk 

Westslope Cutthroat Trout (Oncorhynchus clarkii lewisii) 
Native westslope cutthroat trout (Figure 60) populations are classified as At Risk in the Alberta 
Wild Species General Status Listing of Alberta Environment and Parks (AEP 2017a). They are 
also classified as Threatened under Alberta's Wildlife Act and according to the Canadian Species 
at Risk Act (SARA). The species is on the Alberta Conservation Information Management 
System’s (ACIMS) tracking list, ranked S2 (ACIMS 2017d). The Critical Habitat Order, published 
by the Ministry of Fisheries and Oceans on Dec 2, 2015, identified critical habitat for westslope 
cutthroat trout on Alberta public lands, which included areas within the Ghost Watershed (Canada 
Gazette 2015). The main threat to Alberta westslope cutthroat trout is hybridization with rainbow 

http://www.ebird.org/
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trout (AEP 2009). Compounding impacts of habitat loss, over-harvest, competition and 
hybridization have resulted in a declining trend in their populations over recent decades 
(AWCTRT 2013).   

Hybridization is shown to cause a loss of genetic purity and a marked reduction in fitness (Muhlfeld 
et al. 2009a). This hybridization creates a fully introgressed population called a hybrid swarm 
which is a superior competitor in warmer waters (Robinson 2007; Muhlfeld et al. 2009b). As a 
consequence, genetically pure westslope cutthroat trout populations are typically isolated in 
colder headwater streams. While isolation from other populations prevents hybridization, it 
increases the risk of extirpation from inbreeding and stochastic events. 

Currently, Alberta Fish and Wildlife is conducting surveys using a new genetic testing technique 
called single nucleotide polymorphism (SNP) to determine the extent of hybridization in the Ghost 
Watershed (J. Earle, pers. comm.). This sampling technique will allow biologists to determine the 
current genetic purity of this population. Genetically pure populations have been identified in 
Margaret Creek (J. Earle, pers. comm.). Stocked populations were found in Stenton Lake near 
the South Ghost River (Alberta Government 2014a). Westslope cutthroat trout also have been 
reported in the South Ghost River, Lost Knife Creek, Lookout Creek, Four Mile Creek, Aura Creek 
and seven unnamed streams (AEP 2017b). 

 
Figure 60. Westslope cutthroat trout (source: Trout Unlimited Canada).  
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Bull Trout (Salvelinus confluentus) 
Bull trout (Figure 61) are classified as a Threatened species under Alberta’s Wildlife Act and 
according to the Committee on the Status of Endangered Wildlife in Canada (COSEWIC), and as 
an At Risk species according to the Alberta Wild Species General Status Listing (AEP 2017a). It 
is also currently under consideration for listing as Threatened under SARA. Bull trout is on the 
ACIMS watch list, ranked S2 (ACIMS 2017d). Over several decades, the population has 
experienced a decline in numbers in Alberta due to habitat degradation, overfishing, and 
competition from introduced species such as brook trout (AEP 2014b). Anthropogenic sediment 
input has also been shown to cause significant effects on bull trout, including direct effects such 
as gill trauma and impacts to spawning grounds, and indirect effects such as feeding efficiency 
and behavioural changes (Muck 2010). 

Within the Ghost Watershed, bull trout have been inventoried along portions of the Ghost River, 
Lesueur Creek, Johnson Creek, Margaret Creek, Meadow Creek, Waiparous Creek, Lost Knife 
Creek, Lookout Creek, Aura Creek, Spectral Creek, Four Mile Creek and four unnamed streams 
(AEP 2017b). According to the Bull Trout Conservation Management Plan 2012-2017, the 
conservation ranking of the bull trout population in the Ghost River core area is “High Risk” (ASRD 
2012). Total population size for the Ghost River sub-population is 250 to 1,000. Assessment 
indicates that this sub-population is declining and that recovery potential is low (ASRD 2012). 

 
Figure 61. Bull trout (source: Trout Unlimited Canada). 
 

Spoonhead Sculpin (Cottus ricei) 
The spoonhead sculpin is classified as May Be at Risk in the current Alberta Wild Species General 
Status Listing (AEP 2017a). It is also on the ACIMS tracking list (rank S3) (ACIMS 2017d), and 
was reported from the lower Ghost River in 2016 (AEP 2017b). These fish occur in small 
populations. Declines in certain areas are attributed to habitat degradation (AEP 2017a).  

Western Toad (Bufo boreas) 
Also known as the boreal toad, the western toad (Figure 62) is classified as Sensitive in the 
Alberta Wild Species General Status Listing (AEP 2017a) and as a species of Special Concern 
by COSEWIC. It is on the ACIMS watch list, ranked S3S4 (ACIMS 2017d). Populations have 
suffered declines and extirpations in southern British Columbia and the United States. Such 
declines are expected in Alberta as well; therefore, long-term monitoring is recommended. Main 
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threats include drought, pollution, pesticide use, urban expansion, habitat fragmentation, logging, 
and fungal skin infections which have been linked to global amphibian declines (Environment and 
Climate Change Canada 2016).  

The western toad is primarily distributed throughout the boreal forest and subalpine environments 
within Alberta. They can also be found in high elevation areas up to 2,300 m (AEP 2010). The 
FWMIS database contained 11 records of western toads in the Ghost Watershed. These were 
observed in the vicinity of the cadet camp (Hallstrom and Reid 2009), and at Johnson Lake 
(Shumaker 1998). The species remains widespread, but declines are projected based on known 
vulnerabilities and threats. 

 
Figure 62. Boreal toad (source: AEP Fish and Wildlife webpage). 

 

Ferruginous Hawk (Buteo regalis) 
The ferruginous hawk (Figure 63) is listed as Threatened by COSEWIC and SARA, and 
Endangered under Alberta’s Wildlife Act. It is classified as At Risk according to the Alberta Wild 
Species General Status Listing (AEP 2017a), and is on the ACIMS tracking list, ranked S2S3 
(ACIMS 2017d). This large hawk experienced a 64% decline in population from 1992 to 2005, 
which would have equated to a 30% decline across the prairies. Considered a native grassland 
specialist, it is threatened by the loss, degradation and fragmentation of this habitat (COSEWIC 
2008). A ferruginous hawk was reported in 1988 northwest of the SV of Waiparous in the first data 
set of the Alberta Breeding Bird Atlas (Bird Studies Canada 2017a). 
 

 
Figure 63. Ferruginous Hawk (source: AEP Fish and Wildlife webpage). 
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Olive-sided Flycatcher (Contopus cooperi) 
The Alberta Wild Species General Status Listing (AEP 2017a) includes the olive-sided flycatcher 
in the May Be at Risk category. It is listed as Threatened by COSEWIC and is on the ACIMS 
tracking list (rank S3) (ACIMS 2017d). The decline in this species has been widespread and 
constant since 1960. Habitat includes forest clearings, forest edges located near natural 
openings, burns and human-made openings (such as logged areas). Suitable habitat appears to 
be readily available, however, studies suggest that clearcuts are less suitable for reproduction 
than stands affected by forest fire. Declining insect populations may also be a factor in the decline 
of the olive-sided flycatcher (COSEWIC 2007). 
 
The FWMIS database contained one record of an olive-sided flycatcher from the Jamieson Road 
area (Prescott and Stevens 2010). This species also has been detected to the northwest of 
Jamieson Road (A. Holcroft Weerstra, pers. comm.), on the northern portion of the Breeding Bird 
Survey route along Highway 40 (route 40-215) (Pardieck et al. 2016), in both sets of Alberta 
Breeding Bird Atlas data (Bird Studies Canada 2017a, 2017b) and in several eBird checklists 
(Franco-Valias 1984; Slater 1985; Nature Calgary 1986, 1988).  

Sprague’s Pipit (Anthus spragueii) 
Sprague’s pipit (Figure 64) is listed as Threatened by COSEWIC and SARA. It is classified as 
Sensitive according to the Alberta Wild Species General Status Listing (AEP 2017a). Alberta's 
Endangered Species Conservation Committee has identified the Sprague's pipit as a Species of 
Special Concern, indicating that without human intervention, it may soon become threatened with 
extinction (AESRD 2015). It is ranked S3S4 on the ACIMS tracking list (ACIMS 2017d). This 
grassland species has been in decline since 1966, primarily due to habitat alteration (AEP 2017a). 
Sprague’s pipit was reported on the northern portion of the Breeding Bird Survey route along 
Highway 40 (route 40-215) (Pardieck et al. 2016). 
 

 
Figure 64. Sprague’s Pipit (source: AEP Fish and Wildlife webpage). 
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Barn Swallow and Bank Swallow (Hirundo rustica and Riparia riparia) 
COSEWIC lists the barn swallow and bank swallow as Threatened. Both are in the Sensitive 
category according to the Alberta Wild Species General Status Listing (AEP 2017a), and both are 
on the ACIMS watch list, where the barn swallow is ranked S3 and the bank swallow is ranked 
S4 (ACIMS 2017d). Although related, these insectivorous birds have very different nesting habits. 
The barn swallow builds its nest in or on human-made structures, or in crevices or hollow trees, 
whereas the colonial bank swallow excavates a nest burrow in the bare soil of steep 
embankments, such as above water bodies (Semenchuk 1992). 
 
Both barn and bank swallows were reported on the northern portion of the Breeding Bird Survey 
route along Highway 40 (route 40-215) (Pardieck et al. 2016). There was one record of a bank 
swallow in 1988 northwest of the SV of Waiparous (Bird Studies Canada 2017a). In addition, barn 
swallows have repeatedly been included in eBird checklists (Franco-Valias 1984; Slater 1985; 
Nature Calgary 1986, 1988; Lambert 2014; Vidal 2015; Swan 2016). Barn swallow was recorded 
in Benchlands during nature walks led by Gus Yaki in 2014 and 2016 (pers. comm.). The FWMIS 
database contained three records of barn swallows in the Ghost Watershed, all observed in the 
vicinity of the cadet camp (McCallum and Hallstrom 2009). A total of five records of barn swallows 
were in the two sets of Alberta Breeding Bird Atlas data (Bird Studies Canada 2017a, 2017b). 

Evening Grosbeak (Coccothraustes vespertinus) 
COSEWIC has identified the evening grosbeak as a species of Special Concern. It was reported 
in the Nature Calgary (1986) eBird checklist and was an occasional visitor to bird feeders in the 
1990s (A. Holcroft Weerstra, pers. comm.). The evening grosbeak inhabits coniferous and mixed 
forest, and occasionally deciduous forest (Semenchuk 1992). 

Loggerhead Shrike (Lanius ludovicianus)  
Alberta's Endangered Species Conservation Committee has identified the loggerhead shrike 
(Figure 65) as a Species of Special Concern (AESRD 2015). It is classified as Sensitive according 
to the Alberta Wild Species General Status Listing (AEP 2017a) and is ranked S3 on the ACIMS 
tracking list (ACIMS 2017d). It has been reported on the northern portion of the Breeding Bird 
Survey route along Highway 40 (route 40-215) (Pardieck et al. 2016). Agricultural practices that 
convert or degrade native grasslands can degrade and fragment loggerhead shrike habitat 
(AESRD 2015). 
 

 
Figure 65. Loggerhead Shrike (source: AEP Fish and Wildlife webpage). 
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Barred Owl (Strix varia)  
The barred owl (Figure 66) is another Species of Special Concern according to Alberta's 
Endangered Species Conservation Committee (AESRD 2015). It is classified as Sensitive 
according to the Alberta Wild Species General Status Listing (AEP 2017a) and is ranked S3S4 
on the ACIMS watch list (ACIMS 2017d). Dense, mature woodland is required for nesting, and 
open country is used for foraging (Johnsgard 1988). The FWMIS database contained one record 
of a barred owl in the Ghost Watershed in the vicinity of the cadet camp (McCallum and Hallstrom 
2009). 
 

 
Figure 66. Barred Owl (source: AEP Fish and Wildlife webpage). 

 

Additional Listed Bird Species 
Several additional bird species that have been identified in the Ghost Watershed are classified as 
Sensitive in the Alberta Wild Species General Status Listing (AEP 2017a) and are on the ACIMS 
tracking or watch list (ACIMS 2017d), but do not have a designation assigned by COSEWIC or 
Alberta's Endangered Species Conservation Committee. These include: bald eagle, northern 
goshawk, broad-winged hawk, golden eagle, American kestrel, prairie falcon, sharp-tailed grouse, 
least flycatcher, brown creeper, Cape May warbler, western tanager and Brewer’s sparrow. 
Western wood-pewee has recently been upgraded to May Be at Risk, and is currently on the 
ACIMS watch list. 
 
Two species reported in the Ghost Watershed are classified as Undetermined by ACIMS (ACIMS 
2017d) and in the Alberta Wild Species General Status Listing (AEP 2017a), and are on the 
ACIMS watch or tracking list. These are the Pacific-slope flycatcher and the Cassin’s vireo. Sora, 
great grey owl, pileated woodpecker, alder flycatcher, eastern phoebe, Clark’s nutcracker, 
common yellowthroat and Baltimore oriole are designated as Sensitive but are not on either 
ACIMS list. Hooded merganser and black-headed grosbeak do not have a designation in the 
Alberta Wild Species General Status Listing (AEP 2017a) but are species of conservation concern 
according to ACIMS. Hooded merganser is on the tracking list, and black-headed grosbeak is on 
the watch list (ACIMS 2017d).  
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Rare Plant Species 
Several rare plant species have been reported over the years in the Ghost Watershed (ACIMS 
2017e). These include five vascular plant species (Table 13), ten moss species, four lichen 
species and two liverwort species (Table 14). Some are historical records whereas others are 
more recent. Without regular, comprehensive surveys, it is not possible to know if these species 
are still present, or if additional rare plant species occur within the watershed. 
 
Table 13 and 14 provide the ACIMS conservation ranks. Assigned ranks are based on the most 
up-to-date information obtained by ACIMS. Species ranks are reviewed on an annual basis. 
Therefore, it is possible that one or more of the species listed as rare in this report may be down-
listed at some time, and alternatively, species within the watershed that are not considered rare 
at this time may become up-listed. 
 
 
Table 13. Rare vascular plant species reported to date in the Ghost Watershed (ACIMS 
2017e). 

Scientific 
Name Common Name ACIMS Rank*  Location Last 

Observed 
Arnica louiseana Lake Louise arnica S2 

 
Orient Point, in cracks 
along ledge in limestone 
scree 

2014 

Braya humilis 
ssp. maccallae 

leafy braya S2 
 

Cobble flats, Ghost River 
valley  

1994 

Carex aperta open sedge S2 
 

SW31-26-6 W5M 2006 

Hippuris 
montana 

mountain mare's-
tail 

S1 
 

Upper portion of Meadow 
Creek drainage 

2010 

Pinus flexilis limber pine S3 
 

Various locations 2010 

*  ACIMS (2017c) 
   S1 Known from 5 or fewer occurrences, or especially vulnerable to extirpation because of other factor(s). 
   S2 Known from 20 or fewer occurrences, or vulnerable to extirpation because of other factors.  
   S3 Known from 100 or fewer occurrences, or somewhat vulnerable due to other factors, such as restricted 
 range, relatively small population sizes, or other factors. 
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Table 14. Rare lichen and non-vascular plant species reported to date in the Ghost 
Watershed (ACIMS 2017e). 

Scientific Name Common Name ACIMS  
Rank*  

Location Last 
Observed 

Bryum cyclophyllum round-leaved bryum S2S3 
 

Mount Aylmer 1891 

Bryum lonchocaulon moss S1S2 
 

Devil’s Lake 1891 

Bryum schleicheri moss S1 
 

Mount Aylmer 1891 

Caloplaca 
sinapisperma   
 

firedot lichen S2S3 
 

SW19-27-9-W5M 1965 

Cladonia ramulosa  cladonia lichen S2 
 

1 mi N of Ghost 
Ranger Station, E side 
of highway 

1965 

Drepanocladus 
brevifolius 

brown moss SU 
 

Waiparous Creek 
Campground  

1971 

Grimmia elatior large grimmia moss S1 
 

Mount Aylmer  1891 

Hygroamblystegium 
tenax 

moss S1S2 
 

Junction of Ghost River 
and Waiparous Creek  

1964 

Leptogium 
gelatinosum 
 

jellyskin lichen S2S3 
 

350 m S of Ghost 
River, 3.5 km NE of 
summit of Mt. 
Costigan, 3 km S of 
Devil's Head  

1965 

Leptogium 
tenuissimum 

lilliput jellyskin lichen S2S3 
 

1 mi N of Ghost 
Ranger Station, E side 
of highway 

1965 

Limprichtia cossonii  moss SU 
 

Waiparous Creek, 1.25 
km E of Hwy 40  

1963 

1 mi N of Ghost 
Ranger Station, E side 
of highway 

1965 

Lophozia badensis liverwort SU 
 

Edge of calcareous 
spring flowing into 
Lesueur Creek 

2014 

Moerckia hibernica liverwort SU 
 

Edge of calcareous 
spring flowing into 
Lesueur Creek 

2014 

Philonotis marchica  moss S2S3 
 
 
 

1 mi N of Ghost 
Ranger Station   

1965 
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Ptychostomum 
turbinatum 

Schleicher's silk moss S2S3 
 
 

Devil’s Lake 1891 

Rhodobryum 
ontariense 

Ontario Rhodobryum 
moss 

S1S2 
 

Bar C Ranch, ¼ mi S 
of Forest Reserve Gate 

1964 

~7 km W of mouth of 
Waiparous Creek  

1974 

*  ACIMS (2017a, 2017b) 
   S1 Known from 5 or fewer occurrences, or especially vulnerable to extirpation because of other factor(s). 
   S2 Known from 20 or fewer occurrences, or vulnerable to extirpation because of other factors.  
   S3 Known from 100 or fewer occurrences, or somewhat vulnerable due to other factors, such as restricted 
 range, relatively small population sizes, or other factors. 
   SU Currently unrankable due to lack of information or due to substantially conflicting information. 
 

Limber Pine (Pinus flexilis) 
Limber pine is designated as Endangered under Alberta’s Wildlife Act and by COSEWIC, and is 
on the ACIMS tracking list, ranked S3 (ACIMS 2017c). It is a slow growing, long-lived tree species 
(Figure 67). The oldest recorded individual in Alberta was 991 years old (Sauchyn 2010). Clark’s 
nutcracker is a primary dispersal agent for limber pine seeds and is important for the survival of 
limber pine (Benkman et al. 1984; Tomback and Linhart 1990). 

The main threats that affect limber pine survival are white pine blister rust (an introduced species), 
mountain pine beetle infestation, climate change, fire and a loss of seed dispersal agents. 
Conservation actions to manage limber pine populations include pheromone and volatile 
treatments, seed collection for genetic testing and seed banking, seedling planting projects, and 
implementation of certain restrictions on logging activities (Alberta Whitebark and Limber Pine 
Recovery Team 2014). 

Limber pine is located in the Ghost Watershed in the upper portions of the watershed near the 
Ghost River Wilderness Area and Don Getty Wildland Provincial Park (Figure 68).  

 
Figure 67. Limber pine in lower Devil’s Head valley (photo credit: A. Holcroft Weerstra). 
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Figure 68. The range of limber pine in the Ghost Watershed. 
 

9.3.1.2 Keystone Species 

Grizzly Bear (Ursus arctos)  
The grizzly bear (Figure 69) is classified as Threatened under Alberta’s Wildlife Act and of Special 
Concern by COSEWIC. It is an At Risk species according to the Alberta Wild Species General 
Status Listing (AEP 2017a), and is ranked S3 on the ACIMS tracking list (ACIMS 2017d). The 
biggest stressors to grizzly bear conservation are anthropogenic impacts from habitat 
fragmentation and degradation, and human-bear conflicts that lead to mortality (AEP 2016).  

Grizzly bears are considered a keystone species as they are a dominant predator on the 
landscape. Their presence is often indicative of a healthy ecosystem containing large patches of 
undisturbed habitat. Grizzly bears have been observed at multiple locations within the watershed 
despite moderate human presence.  
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Figure 69. Grizzly bear (source: AEP Fish and Wildlife webpage). 

 

9.3.1.3 Invertebrate Communities 
In 2010, the Canadian Aquatic Biomonitoring Network (CABIN) sampled two sites in the 
watershed, one along the Ghost River and one along Waiparous Creek (Figure 71). Aquatic 
invertebrate communities were found to be healthy at those two sites. The Ghost River sampling 
site had a total of 33 identifiable taxa, including invertebrates in the order of Ephemoptera 
(mayflies; Figure 70), Plectoptera (stoneflies), Trichoptera (caddisflies), Diptera (flies), 
Haplotaxida (worms) and Trombidiformes (mites). The Waiparous Creek sampling site produced 
a total of 35 identifiable taxa, including the above-listed mayflies, stoneflies, caddisflies, flies and 
mites, as well as Coleoptera (beetles).  

 

Figure 70. Mayfly nymph (source: University of Illinois). 
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Figure 71. Location of CABIN sampling sites for invertebrate data in Ghost Watershed. 

Data on invertebrate abundance were retrieved from the CABIN database and compared between 
sites (Figure 72). Mayflies were the most abundant invertebrate community at both sites, while 
the Ghost River site exhibited a high abundance of midge species in comparison to the Waiparous 
Creek site. Conversely, the Waiparous Creek site had a larger number of other fly species in 
comparison to the Ghost River site. Apart from these differences, abundance estimates of 
invertebrate communities seemed to be relatively similar between each site.  

A good way to assess the ecological health of the sampling site is to compare the abundance of 
pollution-sensitive species to the abundance of pollution-tolerant species. If pollution-sensitive 
species are in higher relative abundance, it is an indication that the stream is in good ecological 
health. This metric is also a useful indicator of water quality in the Ghost River basin since there 
are no issues with sample frequency, as with the water quality data used in Chapter 6. The orders 
Ephemoptera, Plectoptera and Trichoptera (EPT species; i.e., mayflies, stoneflies and 
caddisflies) are considered pollution-sensitive invertebrates; therefore, their presence in local 
streams indicates generally good ecological health (Regional Aquatics Monitoring Program n.d.). 
Chironomids (non-biting midges in the order Diptera) are considered a pollution-tolerant 
invertebrate family and therefore indicate potentially polluted and degraded conditions. The ratio 
of EPT species to Chironomids was calculated to be 5.4 and 14.1 for the Ghost River and 
Waiparous Creek sites, respectively. Therefore, these sites likely exhibit good ecological health 
and water quality because they can support healthy communities of pollution-sensitive aquatic 
invertebrates.  
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Figure 72. Invertebrate abundance in the Ghost River and Waiparous Creek. 

9.3.1.4 Native Fish Communities 
Fish surveys have been periodically carried out in the Ghost Watershed since 1976. According to 
surveys of fish species abundance by the Alberta government, brook trout were the most common 
fish in the watershed during the majority of the years surveyed. When assessing the spatial 
patterns of abundance, it is evident that brook trout are the most abundant fish in all waterbodies 
except the Ghost River, where bull trout outnumber them (Figure 73). Longnose dace are known 
only to occur in relatively low abundance in Waiparous Creek and Lookout Creek. Westslope 
cutthroat trout seem to be equally low in abundance in all waterbodies. They have not been found 
in Robinson Creek or the lower reaches of the Ghost River.  

Generally speaking, the relative fish species abundances show brook trout, an invasive species, 
to be dominant in most waterbodies. This does not bode well for the native fish populations and 
indicates that they are not able to out-compete invasive brook trout. This may be in part because 
native species have been subjected to other substantial pressures such as habitat loss and 
overfishing.  

The Ghost Watershed has recently been identified as being within a whirling disease infected 
area. Whirling disease is caused by a parasite that affects the cartilage near the spine of salmonid 
fish (e.g., trout, whitefish), resulting in skeletal deformities (Alberta Government 2017b). It 
primarily affects juvenile fish and can result in high mortality. Brown trout are not as susceptible 
as rainbow trout or cutthroat trout (J. Earle, pers. comm.). It is not yet clear how this disease will 
affect the populations of the various trout species. 
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Figure 73. Fish species abundance by waterbody in Ghost Watershed from 1976-2013. 

9.3.2 Disturbance Indicators 

9.3.2.1 Fragmentation 

Linear Disturbances 
Linear features such as roads, trails, seismic lines, transmission lines and railways, can fragment 
the natural landscape and have a negative impact on biodiversity and wildlife populations. The 
linear footprint density is 1.7 km/km2 for the entire Ghost Watershed and 3.0 km/km2 for the Ghost 
Public Land Use Zone (PLUZ), which extends into the northern portion of the watershed (Figure 
78). Rating classes that evaluate the pressure from linear features have been developed using 
scientific literature and empirical studies (Fiera Biological Consulting 2012). Based on this rating 
class, we can conclude that the Ghost Watershed is under moderate fragmentation pressure from 
linear features.  

■ > 3km/km2 – High Pressure 
■ 1.2 to 3 km/km2 – Moderate Pressure 
■ ≤ 1.2 km/km2 – Low Pressure 

 
It should be noted that these levels of linear disturbance have surpassed certain thresholds 
established by the British Columbia Ministry of Water, Land and Air Protection (2002). Specifically, 
at road densities of 0.4 km/km² grizzly bears can be displaced, at 0.62 km/km² elk are adversely 
affected, and at 1.25 km/km² black bears can be displaced. In addition, Ripley et al. (2005) 
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demonstrated that linear disturbances can negatively affect bull trout at densities as low as 0.2 
km/km2. Valdal and Quinn (2011) demonstrated a negative relationship between road density and 
westslope cutthroat trout abundance. 

Areal Disturbances 
Habitat loss poses another major threat to biodiversity and can cause great losses to wildlife and 
plant populations. One method to assess habitat loss, which has been employed in previous state 
of the watershed reports (Fiera Biological Consulting 2012), is to analyse the amount of total 
human footprint. The human footprint cover in the Ghost Watershed is 2% (Figure 74).  

 
Figure 74. Total human footprint in the Ghost Watershed (ABMI 2012). Note: This 
footprint coverage includes only permanent footprint, therefore cutblocks are excluded. 

Using the rating system below derived from scientific literature and employed in previous state 
of the watershed reports (Fiera Biological Consulting 2012), we can conclude that the Ghost 
Watershed is under low pressure in terms of total habitat loss. This indicates that the status of 
wildlife habitat is good, with low pressure from human footprint at the scale of the entire 
watershed, largely due to the presence of protected areas. 

■ ≥ 70% areal coverage – High Pressure 
■ 70 % - 35% coverage – Moderate Pressure 
■ ≤ 35% coverage – Low Pressure 
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9.3.2.2 Invasive Species 

Invasive and Disturbance-Caused Plants 
Invasive species can out-compete native species, thus decreasing biodiversity and degrading 
wildlife habitat. Disturbance-caused plant species observed during inventories in the Ghost 
Watershed include Kentucky bluegrass, Canada bluegrass, smooth brome, quack grass, timothy, 
crested wheat grass, clover species, white and yellow sweet-clover, and common dandelion, as 
well as invasive noxious weeds such as yellow clematis, Canada thistle, perennial sow-thistle and 
common toadflax (Figure 75). Further noxious weeds that have been identified in the Ghost 
Watershed are common tansy, creeping bellflower and caraway (A. Holcroft Weerstra, pers. 
comm.). A total of 25 disturbance-caused species and 8 invasive species were found in select 
riparian areas of the Ghost Watershed between 2010 and 2011 (Cows and Fish 2011, 2012b). 
The abundance and distribution of invasive species was one of the lowest scoring parameters in 
the Ghost River riparian health assessment; therefore, proper management to prevent the spread 
of invasive species is warranted.  

 

Figure 75. Canada thistle, perennial sow-thistle and common toadflax (photo credit: M. 
Krainer). 
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Aquatic Invasive Species 
Aquatic invasive species such as non-native fish and invasive aquatic plants can out-compete 
native species and decrease local biodiversity. Fish species such as brook trout and rainbow trout 
have been found to out-compete native fish for food and/or habitat resources, and hybridize with 
native fish, thus diminishing the genetic purity and ultimately reducing the long-term viability of 
the population (Muhlfeld et al. 2009a). These invasive fish species have been documented in the 
Ghost Watershed and are therefore compromising the integrity of the natural fisheries in this 
region (see section 9.3.1.4). Local management efforts are underway in Alberta to control the 
spread of aquatic invasive species, including enforcement of regulations on the transfer of live 
fish, inspection of watercrafts, and implementation of education campaigns to raise awareness of 
the issue (AEP 2017d). 

9.3.3 Critical Habitat Indicators 

9.3.3.1 Old Growth Forests 
Defined here as forest stands that are greater than 100 years old, old growth forests are an 
integral habitat for many wildlife species, including important birds, plants and small mammals. 
Old growth forests essentially provide the basis for complex thriving ecosystems and without them 
much of the biological diversity we see today would be threatened. An example of this type of 
forest is depicted in Figure 76.  

 
Figure 76. Old growth lodgepole pine forest in the Ghost Watershed (photo credit: H. 
Hammond). 
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The current age (i.e., time since disturbance) of forested landscapes was derived from a Canadian 
forest age dataset (Pan et al. 2011), corrected to incorporate more detailed age information from 
Alberta Biodiversity Monitoring Institute (ABMI) cutblock, Spray Lake Sawmills (SLS) digitized 
cutblock, and Alberta Environment and Parks (AEP) wildfire data. The cutblock and fire datasets 
superseded the Canadian forest age dataset due to their higher resolution. Age of cutblock or fire 
polygons was based on the year of disturbance. Age of forested landscapes not covered by 
cutblocks or fires was as per the Canadian forest age dataset, but corrected to account for the 
more detailed age data from the cutblock and fire datasets. This is the best publicly available 
forest age information, given that the more detailed Alberta Vegetation Inventory (AVI) was not 
available from SLS. The forest age class distribution in the SLS Detailed Forest Management 
Plan is reflective of the vegetation inventory used in the net land base delineation and timber 
supply analysis of the SLS 2001-2026 plan (Spray Lake Sawmills 2006). Due to the age of the 
inventory and changes in vegetation from forest management and natural disturbance, the data 
are not current. SLS is collecting new vegetation inventory data to incorporate in their new 
Detailed Forest Management Plan.  

Data available in ALCES Online (2016), a web-based landscape simulation tool that tracks 
cumulative land use and natural disturbances, estimate the average coniferous forest age in the 
Ghost Watershed to be 121 years, with a maximum age of 198 years and a minimum age of one 
year. A total of 17% of the watershed is classified as young (below 70 years), 55% is classified 
as mature (71 to 170 years), and 28% is classified as old (greater than 170 years). Rogeau (2013) 
suggests the B9 Forest Management Unit (FMU) is currently deficient in young forest across the 
Upper and Lower Foothills, and Montane natural subregions. Younger forests are likely lacking 
due to the relatively low occurrence of natural disturbance such as wildfire in recent history. 
Mature forest is in surplus relative to pre-industrial conditions, except for lodgepole pine in the 
Lower Foothills, while there is a deficit of old forest except for spruce in the Upper Foothills. This 
analysis suggests that mature forest should be allowed to develop into old forest.  

9.3.3.2 Native Grasslands 
Grasslands may be defined as open ecosystems that support a dominant herbaceous vegetation 
community. Maintained primarily by drought, fire and grazing, they support a high level of 
biodiversity (Biodivcanada 2014). 

Native grasslands are not widespread in the Ghost Watershed, encompassing only 5.4% of the 
area. They occur primarily in valley bottoms, on slopes with southerly and westerly exposures, 
and on ridge tops. Foothills rough fescue tends to form the climax community, with one or more 
of Parry oat grass, intermediate oat grass, green needle grass, June grass, hairy wild rye, purple 
oat grass and upland sedge(s) as co-dominants (Willoughby 2007; Willoughby et al. 2008). Over-
grazing can reduce the cover of foothills rough fescue so that it is no longer a dominant or is 
removed from the community. In disturbed areas, such as where over-grazing has occurred, 
Kentucky bluegrass tends to become co-dominant or dominant. Other invasive non-native grass 
species include timothy, smooth brome and red fescue (Willoughby 2007; Willoughby et al. 2008). 

9.3.3.3 Environmentally Sensitive Areas 
Environmentally sensitive areas are regions of special consideration due to their landscape, 
wildlife or historical values. The Alberta government’s Handbook for State of the Watershed 
Reporting lists identifying sensitive or at-risk areas as a purpose for conducting a SOW report 
(Alberta Government 2008a). The Aura Sand Hills, the Cache and the Horse Lake regions of the 
Ghost Watershed can be considered environmentally sensitive areas, as the Ghost River Sub-
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Regional Integrated Resource Plan (IRP) identifies them as critical wildlife areas, and the SLS 
High Conservation Value Forest (HCVF) report delineates the Sand Hills and Horse Lake as high 
conservation value forests (Alberta Forestry, Lands and Wildlife 1988; Kansas and Mogilefsky 
2014). As defined in the IRP, critical wildlife areas are important ranges of terrestrial and aquatic 
habitat which are crucial for the maintenance of specific fish and wildlife populations. The SLS 
HCVF report defines high conservation value forests as particular forest areas that are 
outstandingly significant due to their environmental, social and cultural values. Identified within 
the report are remnants of HCVF which encompass the Aura Sand Hills region and the Horse 
Lake region (Kansas and Mogilefsky 2014).  

Threats to these environmentally sensitive areas exist and include erosion from OHV use. 
Evidence of erosion from recreational use has been extensively documented by GWAS (Figure 
77). It is recommended to prohibit the use of OHVs in this area, or at least better manage their 
associated impacts. 

 

Figure 77. Erosion from OHV use at Aura Sand Hills (left) and at the Cache from a 
combination of OHV use and the use of the trail as a logging road (right). Both areas are 
located within critical wildlife zones under the Integrated Resource Plan (photo credits: M. 
Enns (left) and M. Krainer (right)). 

9.4 Data Gaps and Limitations 
One of the greatest limitations faced when assessing the state of the biological diversity in the 
Ghost Watershed was a lack of reliable long-term data. Few species had survey data that were 
adequate to calculate distribution and abundance estimates. An indicator species approach was 
necessary to assess the biodiversity of the region; however, had reliable long-term survey data 
for different species been available, biodiversity indices such as Shannon’s Diversity Index or the 
IUCN Red List Index could have been used.  

Another limitation was the lack of scientifically robust rating classes for these indicators. A few 
rating classes existed for habitat fragmentation, which were helpful. Therefore, it is recommended 
that rating classes for other indicators (e.g., remaining percent old growth forest or remaining 
native fish populations) be developed.  
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9.5 Recommendations 
The following recommendations will help improve our understanding of the current state of the 
biological diversity in the watershed, and will help track and analyse trends in future biodiversity: 

■ Conduct spatially representative and scientifically sound wildlife surveys at a frequency to 
properly estimate species abundances and distributions. 

■ Develop rating classes for biological indicators to help understand the current state of the 
watershed. 

■ Carry out regular habitat surveys to monitor the change in habitat cover (e.g., old growth 
forest and native grassland). 

■ Continually monitor native fish populations in response to invasion from brook trout and 
rainbow trout. 

■ Prevent loss and degradation of habitat of westslope cutthroat trout, bull trout and 
spoonhead sculpin through proper land management. 

■ Continually monitor the effects of habitat fragmentation on keystone species (grizzly bear) 
and species at risk (e.g., bull trout, westslope cutthroat trout). 

■ Conduct detailed vegetation inventories to quantify and document the plant diversity in the 
watershed and to monitor effects of invasive plant species on ecosystems.  
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10. Land Use and Development 

10.1 Overview 
Large portions of the upper reaches of the Ghost Watershed are protected from development and 
OHV use, including the Ghost River Wilderness Area and Don Getty Wildland Provincial Park. 
However, outside of these protected areas, the land use history of the watershed, including the 
Ghost Arm of the Ghost Reservoir, has been one of increasing access and human impact, 
particularly by motorized recreational users. Residents and visitors express serious concern over 
the growing use of the area by OHVs and associated random camping. This use is driven by an 
extensive trail and road network that is largely undesignated, including new trails created by 
users. There is a lack of enforcement, an apparent lack of public education regarding the 
significant negative influences OHV use can have on the environment, and perhaps a lack of 
willingness on the part of some users to respect the rules. In addition, a high density of roads and 
trails immediately adjacent to streams poses substantial risk to riparian and aquatic habitats, and 
ultimately downstream water users.  

Other significant land uses in the watershed include livestock grazing, forestry, oil and gas 
extraction, hunting and fishing. A small amount of crop production and a few gravel pits occur, 
mostly in the lowland eastern portions of the watershed. Little residential development has 
occurred within the watershed, and any future development will be restricted to the vicinity of the 
existing settlements, i.e., adjacent to the SV of Waiparous, as well as a portion of the Bar C 
Ranch. The current extent of logged cutblocks by SLS is an estimated 3% of the watershed (5.7% 
of the forested area) or approximately 31.4 km2. The majority of this harvest has occurred since 
2007. There are a minor number of cutblocks from private logging in the watershed as well. Oil 
and gas activities have resulted in approximately 4.5 km2 of disturbed area in the watershed, 
mostly from linear developments. 

10.2 Access  
The completion of the Canadian Pacific Railway to Cochrane, and to the mouth of the Ghost 
River, in the 1880s made the area of the Ghost Watershed substantially more accessible. The 
railway opened markets for the first commercial activities of ranching and logging, which 
transformed the area into a more desirable place to live. Apart from access by foot or horseback, 
two driveable trails existed, one accessing Bar C Ranch, the other accessing the TransAlta 
diversion. The Forestry Trunk Road (Highway 40) was then completed in 1952 and allowed 
greater access to the watershed. Oil and gas exploration during the 1950s to 1970s resulted in 
the construction of additional roads and trails (Alberta Forestry, Lands and Wildlife 1988). Forestry 
and associated road building have also opened access to large portions of the watershed, and 
often these roads are used by OHVs. 

Linear features can have negative effects on wildlife populations. Enhanced human access can 
ultimately result in loss of habitat, habitat alterations (fragmentation), animal mortality from 
collision and construction, changes in animal behaviour, and the spread of exotic (non-native) 
species (Trombulak and Frissell 2000). A measure of linear disturbance (km/km2) is an important 
indicator of human land use impacts as it denotes the cumulative impact from all human 
conveyance infrastructure.  

There are approximately 250 km of documented roads in the Ghost Watershed. Designated trails 
in the Ghost PLUZ are provided in Figure 78A. This can be contrasted with Figure 78B, where 
total linear footprint is depicted, more closely resembling the area used by motorized vehicles in 
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the Ghost Watershed. Unfortunately, there is inadequate enforcement to keep users on the 
designated trails. There are 1,650 km of documented linear features, such as seismic lines, 
powerlines, pipelines, roads and trails in the Ghost Watershed, resulting in a linear footprint 
density of 1.7 km/km2. When looking at this same assessment at the scale of the Ghost PLUZ, 
we find that total linear footprint density is almost double at 3 km/km2. 

 

 
Figure 78. Ghost Public Land Use Zone (PLUZ) designated motorized trail network 
(A) and total linear footprint (B), where footprint is shown in orange and the Ghost 
PLUZ is shown in pink (ABMI 2012). 
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Roads and trails can contribute substantially to fine sediment in waterways and can even result 
in altered flow pathways (Figure 79). Assuming that the total linear footprint in the watershed is a 
reasonable representation of actual use by motorized vehicles, as indicated in a 2010 survey by 
ALCES Landscape and Land Use Ltd. (2011), the road and trail density in the Ghost Watershed 
would be in a moderate to high risk category in terms of impeding hydrologic function based on 
the British Columbia Interior Watershed Assessment Procedure Guidebook (B.C. Ministry of 
Forests 2001).  

 

Figure 79. Sediment run-off from a trail in the Ghost Watershed after a rain event (photo 
credit: H. Unger). 

 
Road and trail density within 100 m of streams is high, at 0.5 km/km2, indicating these near-stream 
roads and trails present a high risk of erosion and potential for sediment delivery to streams. This 
is an area that is highly utilized by multiple recreationists; therefore, it is safe to assume that these 
roads and trails are being used regularly. Roads are generally well designed given that they need 
to follow specific standards in order to be active. However, trail networks often occur as a result 
of cutlines or other linear features that were never intended to be trails, and they typically lack 
proper stream crossings and sediment management systems. A thorough assessment of the 
extent of the trails and their impact on the watershed is recommended. Furthermore, a detailed 
evaluation of trail design accompanied by a risk analysis would greatly benefit the Ghost 
Watershed and its recreational trail users.  
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10.3 Parks, Protected and Managed Areas 
Crown lands that are managed for timber production, watershed, wildlife and fisheries, livestock 
grazing, recreation and/or other uses, comprise approximately 78% of the Ghost Watershed, 
totalling 736 km2 (Table 15). This includes the Rocky Mountains Forest Reserve, Don Getty 
Wildland Provincial Park and Ghost River Wilderness Area. An additional 8% of the watershed is 
public land within the green area. 

Table 15. Crown lands in the Ghost Watershed. 

Name Rocky Mountains 
Forest Reserve 

Don Getty Wildland 
Provincial Park 

Ghost River Wilderness 
Area 

Total Size 
(ha) 1,576,300 88,578 15,317 

Size within 
Ghost 
Watershed 
(ha) 

34,691 23,636 15,317 

% of Ghost 
Watershed 37% 25% 16% 

Year 
Established 

1911 (fed. gov.), 1930 
(transferred to Alberta 

gov.) 
2001 1967 

Governing 
Legislation 

Public Lands Act, 
Forests Act, Forest 

Reserves Act, Alberta 
Land Stewardship Act 

Provincial Parks Act 

Wilderness Areas, 
Ecological Reserves, 

Natural Areas and 
Heritage Rangelands Act 

Management 
Plans 

South Saskatchewan 
Regional Plan 2014 
Ghost River Sub-

Regional Integrated 
Resource Plan 1988 

Ghost-Waiparous 
Operational Access 
Management Plan 

2005 

South Saskatchewan 
Regional Plan 2014 

South Saskatchewan 
Regional Plan 2014 

 

In 1967, the Ghost River Wilderness Area was established as one of the most protected areas in 
Canada. Wilderness areas preserve and protect natural heritage while providing opportunities for 
non-consumptive nature-based outdoor recreation. Access, usage and development is very 
restricted in this area. Access by OHVs, horses or mountain bikes is not permitted. Other than 
backcountry camping and hiking, no other development or recreation activity is permitted, 
including hunting and fishing.  

Don Getty Wildland Provincial Park was established in 2001 to preserve and protect a large 
portion of the Rocky Mountains Forest Reserve in the Ghost Watershed. Access to this area is 
limited to horseback and foot traffic, and closed to OHVs. Backcountry camping is permitted, as 
well as hunting during open seasons under the Wildlife Act. Currently there is no management 
plan for Don Getty Wildland Provincial Park. 
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10.4 Tourism and Recreation 
In Alberta, most of the individuals who access the Eastern Slopes of the Rocky Mountains for 
recreation activities live in more densely populated areas of south-central Alberta, along the 
Edmonton-Red Deer-Calgary-Lethbridge corridors. The Ghost Watershed’s close proximity to 
these corridors, especially the City of Calgary, makes it a popular recreation destination. Visitors 
enjoy camping, hiking, rock and ice climbing, hunting, fishing, horseback riding and OHV use. 
Approximately 91,000 to 96,000 individual users per year access the Ghost Public Land Use Zone 
(PLUZ) for outdoor recreational pursuits (Alberta Sustainable Resource Development 2005). It is 
important to note that this estimate is out of date and should be updated with more recent statistics 
for proper watershed planning and addressing public safety concerns. It is also important to note 
that the Ghost PLUZ is much larger than the actual watershed, so the number of users is an 
overestimation. On the other hand, many users access facilities outside of the Rocky Mountains 
Forest Reserve and/or visit multiple times per year. The Ghost Watershed receives the most 
visitors on the weekends between the months of May and September. The number of visitors can 
be an indicator of the human pressure placed on the natural function of the watershed. This 
section will summarize the most popular tourism and recreation activities in the area. 

10.4.1 Hiking, Camping and Day Use 
There are four provincial recreation areas located within the Ghost Watershed that provide access 
to a variety of recreation opportunities. The following areas are designated for camping and day 
use:  

South Ghost Provincial Recreation Area (7 ha) is a popular day use area. Washrooms are 
provided onsite and open all year. This area is a staging area for OHVs with direct access to the 
designated trail system.  

Ghost Airstrip Provincial Recreation Area (157 ha) provides 169 camping sites and two large 
group camps available on a first-come-first-served basis and by reservation. This area is closed 
during the winter months and open from early May to mid-October, depending on the weather 
conditions. This area also provides off-site OHV access to the Ghost PLUZ.  

Waiparous Creek Provincial Recreation Area (120 ha, including group camp) provides 56 
camping sites and group camping that are available on a first-come-first-served basis. The area 
is open from early May to Thanksgiving.  

Waiparous Valley Viewpoint Provincial Recreation Area (3 ha) provides a scenic viewpoint of the 
Waiparous valley. 

Although camping is available at provincial recreation areas, the majority of camping in the Ghost 
Watershed is described as “random camping”. No facilities are associated with this type of 
camping, such as outhouses, food poles or garbage containers.  

The Alberta government has developed some best practices to reduce the impact of random 
camping on natural resources, such as restricting camping to at least 30 m from water courses, 
limiting stays to 14 days, requiring the removal of all garbage, and requiring the proper disposal 
of human waste (AESRD 2013). With little enforcement or signage, many users do not obey these 
guidelines. Several clean-ups have been organized by GWAS as well as the local community and 
outfitters over the past few years. Drug and alcohol abuse has also been an issue of concern 
among random camping users. Camping directly adjacent to water bodies results in the 
degradation of riparian vegetation and an increase in likelihood of transportation of sediment and 
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human wastes into streams during spring snowmelt and rain events (Tuttle and Griggs 1987). The 
impact of random camping extends beyond the camping site, as most people use these areas as 
staging areas for OHV use. Random camping has been identified as a priority land use concern 
for the Ghost Watershed (MD of Bighorn 1999) and has been the impetus of several management 
plans, public consultation processes and stewardship activities. 

Target shooting and especially the use of incendiary targets have caused significant public safety 
and wildfire concerns in recent years. Subsequently, the Alberta government passed new 
legislation under Section 8 of the Forest and Prairie Protection Regulation as of March 2017, 
prohibiting the use of incendiary targets year-round (Alberta Government 2017a). 

Hiking is a popular activity in the Ghost Watershed and many popular hiking trails exist. The 
Kananaskis Country Trail Guide - Volume 3 contains descriptions of some of the best hikes in the 
Ghost region (Daffern 2013). The Ghost Watershed Alliance Society has hosted guided hikes 
throughout the watershed, including full day hikes to Bastion Ridge (Figure 80). Several other 
recreational activities are enjoyed in the watershed, including horseback riding, mountain climbing 
and ice climbing. Daffern (2013:9) describes the Ghost in her guide book as an area “unlike 
anywhere else with its canyons, big cliffs and wide valley bottoms where the rivers tend to run 
underground. Although it is a low snow cover area, it’s famous for the size and quality of its ice 
climbs.” 

 

Figure 80. Hiking Bastion Ridge in the Ghost Watershed. Devil’s Head Mountain on the left 
(photo credit: H. Unger). 

Capture the Flag Paintball and Airsoft attracts numerous visitors to its privately owned 114 acre 
outdoor game fields. The Rocky Mountain National Army Cadet Summer Training Centre also 
brings in multiple visitors and trainees every season. There are also church camps (Chamisall 
and Whispering Pines) as well as a scout camp.  
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10.4.2 Off-Highway Vehicles 
The use of OHVs has increased considerably in the Ghost Watershed over the last three decades 
and poses a substantial threat to the long-term health of this important area. In 1978, Kananaskis 
Country was created and OHV use within its borders was heavily regulated (restricted to MacLean 
Creek area). As a compromise, the Alberta government allocated funds to upgrade approximately 
170 km of trails in the Ghost-Waiparous area and build new provincial recreation areas to 
accommodate these users. The trail system came into effect in 2006 and has since been modified 
by the Backcountry Trails Flood Rehabilitation Program.  

In Alberta, the number of registered OHVs rose from 37,042 in 1987 to 138,177 in 2010 (Alberta 
Government 2017c). The sale of new all-terrain vehicles (ATVs) in Alberta has decreased from 
22,100 in 2007 to 9,468 in 2013, and to 5,204 in 2016 (Canadian OHV Distributors Council 2013, 
2016). 

OHV use has significant environmental impacts including soil erosion and trail degradation, 
vegetation damage, decreases to water and air quality, noise, negative effects on wildlife and fish 
populations, and social conflicts among different types of recreational user groups (Stokowski and 
LaPointe 2000). Within the Ghost Watershed, OHV use is a significant stressor to watershed 
health (Figure 81). Degradation of streambank vegetation from driving along or through creeks, 
fuel spills, and sedimentation of waterbodies are all issues that have been documented within the 
watershed (GWAS 2009).  

 
Figure 81. Examples of typical impacts from OHV use within the Ghost 
Watershed (photo credits: M. Krainer, H. Unger and A. Holcroft Weerstra). 
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Public input surveys have indicated that people perceive OHV use, and in many cases associated 
random camping activities, to have the largest impact in the Ghost Watershed (Alberta 
Sustainable Resource Development 2005). In 2011, the first fine was issued for damage to fish 
habitat by unregulated motorized use in the Ghost-Waiparous area under the Fisheries (Alberta) 
Act. This occurred in Waiparous Creek, however payment was never received. In 2015, concerns 
raised by local landowners and environmental groups resulted in the cancellation of a large OHV 
event on public lands in the Ghost-Waiparous area and relocation of the event to a private indoor 
venue (Derworizb 2015). Still, the lack of understanding of the implications of OHV use on 
environmental health has been well documented. There also may be a lack of willingness on the 
part of some users to respect the rules. These are serious issues that require attention from the 
provincial government. 

10.4.3 Hunting and Fishing  
Alberta has witnessed a decline in fish populations in recent decades as a result of high demand 
for a limited supply of sport fish and relaxed fisheries regulations in the past. In 1956, the first 
general sport fishing licences were issued. Fisheries regulations in Alberta have only developed 
in the last few decades. The popularity of sport fishing is demonstrated through the approximately 
280,425 resident sport fishing licences that were purchased in 2014. Sport fishing in the Ghost 
Watershed is regulated by Sport Fishing Regulations for Zone 1 of the Eastern Slopes (ES1 
Oldman and Bow Rivers). Species that are commonly targeted include westslope cutthroat trout, 
brook trout, bull trout, rainbow trout, mountain whitefish and burbot (found in reservoirs).  

Hunting is regulated by three Wildlife Management Units (WMUs) within the Ghost Watershed, 
including: 

■ 314 – Little Red Wildlife Management Unit (18.6% of the entire area of the Ghost 
Watershed); 

■ 316 – Harold Creek Wildlife Management Unit (8.6% of the entire area of the Ghost 
Watershed); and, 

■ 412 – Ghost Wildlife Management Unit (55.64% of the entire area of the Ghost 
Watershed). 

Popular species to hunt are mule deer, white-tailed deer, moose, elk, black bear and cougar 
(Table 16). Bird hunters also pursue various migratory and upland birds. According to harvest 
estimates, deer harvests (both mule and white-tailed) have increased between 2009 and 2015, 
and black bear harvest seems to display a weak increase in the WMU 412 (Figure 82). 
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Figure 82. Wildlife harvest estimates in WMU 412 between 2009 and 2015. 

 

Table 16. Estimated number of animals harvested in each Wildlife Management Unit (WMU) 
within the Ghost Watershed. Note: Animals harvested in WMU 314 and 316 may not have been 
harvested on lands within the Ghost Watershed. 

Species 
2009 2010 2011 2012 2013 

WMU No. WMU No. WMU No. WMU No. WMU No. 
314 316 412 314 316 412 314 316 412 314 316 412 314 316 412 

Mule deer 161 123 26 205 115 61 159 142 49 195 116 37 157 111 62 
White-
tailed deer 914 157 54 861 140 79 754 199 87 1305 218 71 1240 203 91 

Moose 100 7 0 85 23 4 101 11 14 99 22 5 97 21 16 

Elk 51 0 0 65 6 0 77 3 0 154 4 0 77 0 0 

Black bear 3 3 0 3 3 3 3 0 0 5 0 0 4 0 7 

 

  



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

135 

10.5 Commercial and Industrial Activity 
Agriculture, forestry, oil and gas, and other resource extraction activities are the primary 
commercial and industrial activities in the Ghost Watershed. There are several indicators 
associated with these activities that depict the level of disturbance on the landscape. This section 
will summarize the commercial and industrial activities in the watershed. 

10.5.1 Agriculture 
The Ghost Watershed hosts a variety of agricultural activities. On private land, agricultural 
operations include greenhouse and garden plots, several cattle and small scale poultry producers, 
and the breeding of horses for local commercial trail riding operations, as well as bucking stock 
for rodeos. These inject cash crop benefits for both producer and consumer (P. Brennan, pers. 
comm.). Cattle and horses are raised on grazing land consisting of native and tame forage 
species. 

Cropland covers 2.5 km2, equivalent to 0.2% of the watershed area. The total agricultural footprint 
covers approximately 4.6 km2 in the southeast corner of the watershed (0.5% of the watershed) 
(ALCES Online 2016). 

10.5.1.1 Grazing on Public Lands 
Currently, 56% of the watershed is designated as public or Crown grazing lands. Grazing leases 
are more widespread than private cropland and farmland in the watershed (Figure 83B). It is 
estimated that 550 cows, bulls or replacement heifers, and approximately 85 horses exist on 
grazing leases within the watershed for at least part of the season (B. Kowalenko, pers. comm.). 
This total does not include the Rocky Mountains Forest Reserve (RMFR), but many of the same 
stock on the grazing leases also graze in the RMFR when permitted. Public grazing leases are 
10-year term contracts in Alberta and come with a code of practice in order to ensure sustainable 
land management. 

Within the RMFR portion of the watershed basin, four grazing allotments were created to manage 
sub-basins. These include the Aura Cache, Devil’s Head, Ghost River and Lesueur Creek 
allotments (Figure 83A). These allotments are approximately 7,164 ha, 7,760 ha, 17,422 ha and 
3,418 ha in size, respectively, totalling 35,992 ha. The individual allotments are further subdivided 
into distribution units (DUs) for management purposes. Further information on the four grazing 
allotments is provided in Appendix D.  

  

                                                 
 A comprehensive documentation of the grazing history is provided on the GWAS website in a document 
entitled “Rocky Mountains Forest Reserve – Watershed/Forest Preservation and Livestock Grazing 
History with Special Reference to the Ghost River Watershed” (Weerstra 2018). 
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Figure 83. Current grazing allotments (A) and current agricultural dispositions (B) in  
the Ghost Watershed. 

A 

B 
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The vegetation types within the allotments vary depending on position within the heterogeneous 
landscape (Table 17). In the early range management plans, general vegetation types were based 
on the dominant cover type. 

Table 17. Approximate area of vegetation types within the grazing allotments (based on 
Figure 16, Chapter 2). 

 Aura Cache Devil’s Head Ghost River Lesueur Creek 

Vegetation Type Acres Hectares Acres Hectares Acres Hectares Acres Hectares 

White spruce 986 399 427 173 7,697 3,115 363 147 

Lodgepole pine 10,049 4,067 7,569 3,063 26,914 10,892 4,220 1,708 

Other coniferous 1,053 426 2,511 1,016 1,352 547 1,063 430 

Mixed forest 1,035 419 806 326 1,932 782 1,139 461 

Deciduous 1,505 609 467 189 2,355 953 462 187 

Shrubland 969 392 0 0 1,226 496 158 64 

Grassland 331 134 2,251 911 964 390 366 148 

Yellow mountain 
avens 

2 1 0 0 15 6 5 2 

Wetland 1,651 668 2,787 1,128 3,892 1,575 768 311 

Subalpine meadow 0 0 1,285 520 12,508 5,062 0 0 

Non-vegetated 292 118 72 29 255 103 2 1 

 

With increased knowledge and understanding of ecological principles, range inventory 
methodology has been refined and the management plans have evolved over the last few years. 
They now describe the extent of each plant community type, including a discussion of range and 
riparian health. In addition, there has been a change in the calculation and evaluation of livestock 
numbers. Animal Unit Month (AUM)4 was originally adopted as it was considered to be more 
representative than actual number of animals. An animal unit was a standard used in calculating 
the impact of various types of grazing animals. One AUM was “the grazing required to supply a 
1,000 lb cow and calf for one month” (ERFCB 1959a:14). More recently, animal unit equivalents 

                                                 
4 AUM used to be defined as the daily forage intake for one mature 1,000 lb cow (Animal Unit) with or 
without her suckling calf (up to 6 months age), or equivalent, for one month. Since average animal weights 
have increased over time, a cow animal unit equivalent (AUE) is calculated based on a 1,250 lb cow and 
the use of a metabolic weight formula. A cow with or without her suckling calf is now 1.18 AUs. Other types 
or sizes of livestock are assigned AUEs based on metabolic requirements, e.g., a mature bull is the 
equivalent of 1.70 AU, a yearling steer or heifer is 0.78 AU, a mature horse is 1.70 AU and a mature sheep 
is 0.2 AU. 
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(AUE) are used and applied to different classes of livestock based on their metabolic weight (Wroe 
et al. 1988; Alberta Forestry, Lands and Wildlife 1990).  

In 1977, the Alberta government published a document entitled “A Policy for Resource 
Management of the Eastern Slopes” (Alberta Energy and Natural Resources 1977a). It was later 
revised (Alberta Energy and Natural Resources 1984). Part of the policy was “to ensure the 
continued viability of existing livestock operations by sustaining 1977 levels of livestock numbers 
through the use of public lands” (Alberta Energy and Natural Resources 1984:9). This is referred 
to as the 1977 preference quota (Table 18). The management strategies were: 

■ To maintain rangelands in good condition through sound range management practices, 

■ To restore rangelands on which forage productivity has declined from the encroachment 
of unproductive brush species, 

■ To improve rangelands capability through more intensive range management. 

 
Table 18. 1977 preference quotas within Ghost Watershed grazing allotments. 

Grazing Allotment Preference Quota (AUMs)* 

Aura Cachea 650 

Devil’s Headb 820 

Ghost Riverc 1,559 

Lesueur Creekd 384 

Total 3,413 

*  Source: range management plans 
a  Alberta Environment and Parks (2015c) 
b  Alberta Forestry, Lands and Wildlife (1989a, 1992) 
c  Alberta Forestry, Lands and Wildlife (1989b) 
d  Government of Alberta (2005) 

 

In recent years, the range inventory and assessments have been conducted either under contract 
with the Rocky Mountain Forest Range Association (RMFRA) if the allotment holder is a member, 
or commissioned by the allotment holders themselves. The consultant is required to be a 
Government of Alberta (GoA) certified rangeland consultant whose credentials are reviewed 
annually. 

The information and data collected in recent years are more detailed and descriptive than those 
collected in previous inventories. The information is used to produce the latest version of the 
management plan. These unpublished plans provide a wealth of information for the allotment 
holder and the GoA. They include the history, objectives, revised range inventory methodology, 
and landscape features of the DUs. They also indicate the tools that could be used to improve 
rangeland management and livestock distribution, such as location of salt blocks and drift fencing. 
The interaction with other and often competing land uses is also discussed (e.g., wildlife habitat, 
trapping, recreation, timber harvesting, fossil fuel exploration and development, major 
transportation corridors and the presence of feral horses). Within these plans, recommendations 
are provided to improve the range resource. 
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10.5.1.2 Livestock Grazing and Other Land Uses 
The Ghost Watershed is managed under a multiple land use concept. Each range management 
plan now stipulates that the allotments are managed under this strategy. This includes critical 
wildlife habitat, recreation, timber resources, and petroleum exploration and extraction. Co-
ordination among various government management agencies, the private industrial sector and 
the public is required. 

Where applicable, the plans indicate the portions of the allotment which occur within the eastern 
slopes critical wildlife zone and stipulate that livestock grazing is to be managed with the objective 
of protecting ranges or habitats that are critical to the maintenance of specific fish and wildlife 
populations. This is a requirement of “A Policy for Resource Management of the Eastern Slopes” 
(Alberta Energy and Natural Resources 1977a, 1984) and the “Ghost River Sub-Regional 
Integrated Resource Plan” (Alberta Forestry, Lands and Wildlife 1988).  

Portions of the allotments are within the Ghost PLUZ. This zone was established in 2006 for 
recreational activities such as OHV use on designated trails. To date, users regularly disregard 
the regulations and go off these trails, create new undesignated trails and go into areas where 
trails do not exist (B. Weerstra, pers. comm.). This activity, coupled with random camping, has 
had a negative impact on range resources, slope stability, creeks and other water bodies. It also 
has a large impact on livestock distribution and potentially livestock health (AEP 2015c).  

Where necessary, barbed wire fences are located along the perimeter of the allotments and also 
may occur internally to separate the DUs. The allotment holders are obligated to maintain these 
fences. However, as a result of recreational activity, especially OHV use, they are regularly cut 
and gates are left open, causing livestock management issues. This behaviour has been reported 
regularly in the annual Self-Inspection Forms and on the newer Stewardship Self-Assessment 
Forms (SSAF). 

Portions of the allotments have been modified as a result of timber harvest in recent years. This 
has been done through a Forest Management Agreement (FMA) between Spray Lake Sawmills 
(SLS) and the GoA. This activity has changed some of the land use practices. Temporary access 
roads to the cut-blocks have increased recreational access for random camping and OHV use. It 
has also ultimately affected livestock grazing practices and management. Depending on the 
forage, livestock may be attracted to cutblocks. In addition, livestock may travel on the roads and 
walk out of their “assigned” allotment. 

Since 1967, there has also been an increase in oil and gas industry activity in the Ghost 
Watershed. This has resulted in the establishment of tame forages along seismic lines, access 
roads, pipelines, and on both active and inactive well sites. This has modified the grazing patterns 
as the livestock are attracted to the tame forage species. Transportation corridors in these 
allotments also influence livestock distribution patterns due to tame forage species on the verges. 
Highway 40 dissects the Ghost River Allotment. The Waiparous Valley Road parallels the 
southwest boundary following Waiparous Creek. These provide easy access through the area to 
the North Ghost, Waiparous Creek and South Ghost recreational areas. The TransAlta Road, 
which is under a Licence of Occupation (LOC), dissects portions of the Devil’s Head and Lesueur 
Creek allotments. 

As mentioned in Chapter 3, feral horses have been grazing within the Ghost Watershed since the 
1880s, specifically, in portions of Devil’s Head Allotment. In the Ghost River and Lesueur Creek 
allotments, feral horses have occupied the landscape since 1900. Although they were also 
grazing in the Horse Creek DU of the Aura Cache Allotment throughout the year, the first written 
documentation by the Eastern Rockies Forest Conservation Board (ERFCB) was in 1962. In the 
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Ghost River Allotment, it was not until 1973 that feral horses were mentioned in the range 
inspection reports. They were using Meadow and Johnson creek drainages. Feral horses were 
mentioned again in the 1975 and 1976 reports. Free-roaming feral horses continue to be observed 
throughout these allotments. 

As with domestic livestock, feral horses can cause many issues, especially without proper range 
management. These include overgrazing, a reduction of litter cover5, trampling and soil 
compaction, erosion, a shift in the natural plant community to one comprised of less desirable 
invader species, and degradation of riparian areas. 

Specific historical grazing documentation and range management planning of the four allotments 
are presented in Appendix D. 

10.5.2 Forestry 
Relative to other uses, forestry is one of the primary land uses in the Ghost Watershed and 
provides a number of benefits in addition to a range of challenges. Forest products from Alberta 
are primarily used for lumber and pulp for paper. These are products that are consumed readily 
and provide an economic benefit to the region. Driven by this economic benefit, forest 
development has taken place in the Ghost Watershed for generations (chapter 3) and will likely 
continue into the future. It is key that this long-term perspective be taken into consideration, and 
that it incorporates values into management plans that promote the longevity of all watershed 
functions. Hammond (2010) demonstrates that this is not currently the case in the Ghost 
Watershed, as this watershed is being managed for economic values, not specifically for 
ecosystem values. It is also important to note, in addition to managed forests, there has been 
permanent land conversion to pasture. This land conversion is not well documented; therefore, it 
is not discussed in this report.  

Spray Lake Sawmills is the only forestry company currently operating in the area under a Forest 
Management Agreement (FMA). They have recently released 2016-2020 forest harvest plans for 
the Ghost Watershed and state there will be no further cutblock development in the Ghost River 
compartment for this period (Spray Lake Sawmills 2016). However, harvesting was conducted in 
the South B9 compartment in the winter/spring of 2016/17, portions of which also form part of the 
watershed. SLS have harvested a total of 31.4 km2 in the Ghost Watershed to date. Salvage of 
blowdown timber was conducted during the 2007 and 2008 seasons in the Ghost River 
compartment, totalling 106.2 ha (1.063 km2) of salvage (Mogilefsky and Denney 2013). There are 
no updated harvest values publicly available, and these values could not be obtained from SLS. 
However, spatial cutblock maps were digitized in Geographic Information Systems (GIS) from the 
SLS 2015 Forest Harvest Plan (FHP) map (Spray Lake Sawmills 2015), the FHP SB9 Amendment 
map, the 2015 Ghost River FHP map, and the Atkinson FHP Ghost River Compartment map. 
These digitized cutblocks, as well as cutblock data from ABMI depicting logging by timber quota 
holders, are provided in Figure 84. These maps have not been ground-truthed and although there 
may be some small inaccuracies, the total area of cutblocks has been verified by Alberta 
Agriculture and Forestry (M. Wagner, pers. comm.). 

                                                 
5 Litter is defined as dead plant material that is either standing, freshly fallen or slightly decomposed on 
the soil surface (Adams et al. 2009). 
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Figure 84. Current cutblocks in the Ghost Watershed, according to the SLS forest 
harvest plan maps and select ABMI footprint data. 

The challenges associated with forest development range from changes in watershed function, 
to wildlife habitat impacts, to aesthetic impacts. The study of forest development impacts on 
hydrology has been in practice for decades and continues to evolve. Generally, as the percentage 
of harvest in a watershed increases, the amount of runoff from the watershed also increases, and 
typically hydrologic effects such as changes to peak streamflow are noticed when approximately 
15-20% of a watershed is clearcut (Buttle 2011). There are numerous exceptions to this general 
rule, and individual watershed response is largely dictated by the climatic and geologic setting. 
For example, a modelling study completed in the upper Kananaskis valley demonstrated that a 
clearcut comprising 5% of the watershed on a south-facing slope could result in approximately 
7% change in peak streamflow (Pomeroy et al. 2016). In contrast, Harder et al. (2015) 
demonstrated that the same watershed is resilient to forest harvest and no detectable changes 
were found in response to forest cover removal. Other work has shown that watersheds with 
narrow elevation ranges and a large proportion of forest are particularly sensitive to harvest, even 
on shallow slopes (Whitaker et al. 2002). This is because snowmelt occurs all at once over the 
watershed, so removing forest cover can have a disproportionately large effect on streamflow.  

There are no publicly available data on the current level of forest harvest in the Ghost Watershed. 
A 2014 evaluation by SLS of the B9 quota, which is partially located in the Ghost Watershed, 
determined the current Equivalent Clearcut Area (ECA) of that quota to be approximately 4% 
(Spray Lake Sawmills 2016). Independent analysis suggests approximately 5.7% of the forested 
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portion of the watershed has been recently harvested, while the total harvested area is estimated 
at 31.4 km2 (approximately 3% of the entire Ghost Watershed). This suggests that the current 
level of harvest is not likely significantly affecting streamflow at the scale of the entire watershed. 
However, effects at the local scale of the Waiparous Creek sub-watershed have not been 
quantified and should undergo further investigation. Smaller scale analyses are important given 
that changes in streamflow in response to timber harvest have primarily been documented in 
small watersheds. In addition, the Waiparous Watershed is primarily forested, with a low 
proportion of high elevation terrain; therefore, there is the potential for this area to be more 
sensitive to harvest because of the synchronization of runoff (Whitaker et al. 2002). Hydrologic 
modelling work in the Ghost Watershed is ongoing through the BRBC and will be published in 
2018.  

Although clearcuts are the most noticeable activities of forest development, it is important to note 
that forestry operations involve a wide range of effects, including effects on recreation and wildlife. 
One of the largest effects of forestry is road development (Figure 85), as roads contribute to fine 
sediment loading in watersheds, destabilize the landscape, and facilitate other land use. The SLS 
5-year Stewardship Report does indicate that SLS implements aggressive road reclamation and 
reforestation programs (Mogilefsky and Denney 2013). Road and trail densities in the watershed, 
determined using publicly available data (not including non-designated trails or unmapped roads), 
are considered to be low to moderate risk with respect to hydrologic function and surface erosion. 
However, this is at the scale of the entire watershed. At the scale of the Ghost PLUZ this risk 
increases to moderate to high. Additionally, research by Ripley et al. (2005) has shown that bull 
trout can be negatively affected by road densities above 0.2 km/km2 and Valdal and Quinn (2011) 
have demonstrated negative effects of roads on westslope cutthroat trout populations. Further 
analysis into the relationships between road and trail densities and aquatic ecosystem health 
should be conducted, with a particular focus on smaller spatial scales and critical habitats.  

 

Figure 85. Logging haul road in the Waiparous Creek sub-basin (photo credit:  
H. Hammond). 
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An assessment of how forestry roads could be used to help improve a recreational trail network 
should be conducted. If the trails are properly designed for such use and maintained, this could 
minimize the risk to the watershed by removing trails in other areas with a high potential for 
damage, such as in wetlands and riparian zones. Anecdotal observations suggest forest regrowth 
is relatively slow due to climatic and soil conditions in the Ghost Watershed.  An evaluation of the 
effectiveness of reclamation techniques and post-reclamation stand recovery would be valuable 
given that it is not clear how these activities are remediating hydrologic function or surface erosion 
conditions in this region.  

10.5.3 Hydropower 
Although no hydroelectric power generation plants are located within the watershed, water from 
the North Ghost River until recently has been diverted to Lake Minnewanka (see section 5.3.2). 
The water from the Ghost River makes up about 20% of the annual inflow into Lake Minnewanka 
(R. Drury, pers. comm.). The hydropower plant that Lake Minnewanka feeds is the Cascade 
facility in Banff National Park. This facility generates an average of 52,000 megawatt hours of 
power each year (TransAlta 2017a). Further downstream are the Kananaskis and Horseshoe 
facilities, near Seebe, which also benefit from increased power production as a result of the Ghost 
River diversion. These are followed by the Ghost dam which was built in 1929 and generates an 
average of 173,000 megawatt hours of energy per year (TransAlta 2017b). No additional 
hydropower projects are considered in the Ghost Watershed at this time. However, the diversion 
to Lake Minnewanka, which was destroyed in the 2013 flood, is expected to be rebuilt once 
approvals are in place. In total, these facilities provide enough energy to supply approximately 
30,000 homes. 

10.5.4 Oil and Gas Activity 
Land titles in Alberta consist of private land and Crown or public lands. Title rights vary based on 
the concept of freehold, with right of access to both surface and subsurface, versus private land 
with surface right only, and co-existing separate title to petroleum, natural gas and other 
subsurface minerals. These other rights for both surface and subsurface are granted by the 
Crown. The network of Crown surface and subsurface leases, freehold, and surface private land 
ownership in Alberta is defined by principles of common law. All are managed by the regulatory 
authority in Alberta, which was formerly the Energy Resources Conservation Board, and is now 
the Alberta Energy Regulator (AER). The Crown issues all rights of access to subsurface 
petroleum and natural gas (P&NG) leases and all other mineral and water privileges in the 
province. Claims, compliance and developments are regulated under this regime of petroleum, 
mineral and water law disputes. 

The oil and gas industry contributes significantly to the economy in Alberta. Despite cyclic 
commodity prices, this industry has flourished. Since inception in the heady days of Turner Valley 
and the Leduc discovery wells, over 400,000 wells have been drilled across the province.  
Approximately 36% are active wells, while 39% are abandoned and 25% are certified as 
reclaimed (Alberta Environment and Parks 2014a). The industry continues to drill new wells at a 
rate of 13,788 per year (calculated on a 10-year average).  

In the Ghost Watershed, there are 40 oil and gas well sites, 18 of which are abandoned. 
Abandoned wells are either classified as abandoned, reclamation exempt, or reclamation 
certified. Wells that have been dismantled and left in a safe and secure condition as per 
regulations are classified as abandoned. Reclamation exempt wells were exempted from the 
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reclamation process. Of the 22 well sites which are active, nine are classified as gas well sites, 
and the remainder are classified as energy well sites. 

Wells in the Ghost Watershed are operated by a variety of national and international companies, 
such as Direct Energy, Gulf Canada Limited, Husky Oil Operations Limited, Chevron Canada 
Limited, Shell Canada Limited, Bonavista Energy Corporation, Atlantic Keystone Oils Ltd. and 
Baymar Oils Ltd.   

It is important to consider that the footprint of oil and gas activity extends beyond the well site. 
Exploration, development, access and operational activities all have an impact on the watershed, 
resulting from flaring, noise, process water returns, and the introduction of invasive plants. In the 
Ghost Watershed, there are approximately 4.5 km2 of footprint associated with the oil and gas 
sector, including access roads, seismic lines and pipelines (Figure 86).  

 
Figure 86. Total footprint attributed to oil and gas industry in the Ghost Watershed.  
Note: Footprint includes oil and gas wells, sumps, seismic lines, pipelines and mines. 
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10.5.5 Other Surface Extractions  
The primary surface extractions in the Ghost Watershed are gravel and fill. Gravel pits are surface 
excavation projects that provide coarse, well drained materials for construction of roads and 
building foundations, and the basic component of concrete. The best sources of gravel are located 
in the floodplains of streams and rivers. In the Ghost Watershed, there is one gravel pit located 
along Highway 40 near the confluence of Meadow Creek and Waiparous Creek. Borrow pits are 
surface excavations that produce fill that is used at other locations, most commonly for road 
construction. There are nine borrow pits in the watershed.  

Gravel and borrow pits are subject to the Alberta Environmental Protection and Enhancement Act 
and the Conservation and Reclamation Regulations. A borrow pit must be returned to its pre-
disturbed land capability upon closure. In Alberta, it is not uncommon for gravel and borrow pits 
to fill with surface water and groundwater. 

10.6 Residential Land Use 
The majority of people living in the Ghost Watershed live in a rural environment on ranches or 
acreages, on reserve lands or in the communities of Benchlands, Ghost River Subdivision and 
Waiparous. According to the 2011 census, the average private dwelling density was 0.12 
residences per km2 in the watershed, compared to an average of 1.88 residences per km2 across 
Alberta.  

Benchlands is classified as a hamlet. Hamlets are unincorporated communities that are part of 
the municipal district. Benchlands has a land area of 0.39 km2. The 2011 census reported that 
the population of Benchlands was 42 permanent residents living in 24 of its 37 total dwellings.  

The community of Waiparous was incorporated as a summer village in 1986. Summer villages 
are incorporated communities with less than 300 permanent and seasonal inhabitants where 
elections and annual meetings are required to be held in the summer months. Currently legislation 
does not permit the formation of new summer villages in Alberta. Waiparous has a land area of 
0.41 km2. The 2011 census reported that the population of Waiparous was 42 permanent 
residents living in 21 of its 43 total dwellings. The 2014 municipal census reported 64 residents.   

The MD of Bighorn does not generally support the sprawl of acreages. New subdivisions will only 
be allowed in urban fringe areas such as around Waiparous village (MD of Bighorn 2012). The 
MD of Bighorn provides some rural municipal services for residents, such as waste and recycling 
at the Ghost transfer station, and fire services at the Ghost River District Fire Department in 
Benchlands. An Area Structure Plan for the Bar C Ranch and Resort was submitted to the MD of 
Bighorn in 2010. This plan outlines a resort-type condominium subdivision with commercial guest 
accommodation (Bar C Ranch and Resort 2010). So far, there has been no development of the 
Bar C Ranch and Resort.  
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10.7 Water Supply and Wastewater Systems 
Residents in the Ghost Watershed obtain their drinking water from private water wells, or by 
hauling water and using cisterns for storage. See Chapter 6 for more information on wells, 
groundwater use and licences. In Alberta, domestic wells do not require a licence to operate; 
however, owners are responsible to submit a new well drilling report to Alberta Environment and 
Parks. The government of Alberta and Alberta Health Services provide information, advice, 
treatment options, and interpretation of water quality analyses to ensure safe water for human 
drinking. The selection and cost of water wells and related water treatment is the responsibility of 
the private well owner. Private well owners are also responsible for monitoring the quality of their 
well water, including routine testing of physical, chemical and microbial parameters.  

In the Ghost Watershed, rural residential areas are not connected to a central wastewater 
collection and treatment system. Rather residents are responsible for installing, operating and 
maintaining private septic tanks, on-site field systems, or holding tanks to dispose of their 
wastewater. This also applies to temporary rural residents such as the Rocky Mountain Cadet 
Training Centre, which has a sewage lagoon in the Waiparous Watershed near a small tributary.  

10.8 Data Gaps and Limitations 
Limited spatial data continue to preclude any analysis of land use and landscape change over 
time. Many of these datasets are privately owned and not available to the public. However, the 
Ghost Watershed is primarily public land. Therefore, data should be made available to public 
users, particularly those invested in planning and understanding how this landscape is changing 
over time.  

10.9 Recommendations 
In order to effectively manage land use activities in the Ghost Watershed, the following measures 
are recommended:  

■ Conduct a detailed analysis of linear features within the Ghost Watershed similar to that 
which was conducted by ALCES Landscape and Land Use Ltd. (2012). This would provide 
further insight into the potential hazards associated with linear features in the watershed.  

■ Adopt a holistic land use management approach that considers each individual 
land use within the context of all of the other land uses. This would include assessment of 
timber harvest levels at smaller spatial scales.  

■ Ensure all data from timber harvest operators on public lands are available to the public 
in a transparent manner.  

■ Collect additional water quality data upstream and downstream of the Rocky Mountain 
Cadet Training Centre to determine if there are any concerns, given that the lagoon is 
located in close proximity to Waiparous Creek.  

■ Maintain and monitor private septic systems throughout the watershed to ensure potential 
contaminants are contained.  
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11. Existing Plans, Programs and Watershed Stewardship 

11.1 Overview 
The following chapter describes the specific plans, frameworks and programs applicable to 
environmental management and stewardship within the Ghost Watershed. It is recommended to 
review all of these existing plans and programs in order to identify items that can be carried over 
or rescinded in upcoming future plans.  

11.2 Ghost River Sub-Regional Integrated Resource Plan 
In 1988, the Ghost River Sub-Regional Integrated Resource Plan was approved by the Economic 
Planning Committee of Cabinet. Rather than a regulatory framework, it was designed as a guide 
for resource managers, industry, the public, and any other interest group in the Ghost-Waiparous 
area. This plan addresses a broad spectrum of natural resource management concerns, and aims 
to mitigate conflict between natural resource users by establishing resource objectives and 
specific management goals. Stated within the plan, “the overriding principle […] is to protect the 
valuable water resources of the Eastern Slopes and to provide for public land and resource 
utilization in a manner consistent with principles of conservation and environmental protection” 
(Alberta Forestry, Lands and Wildlife 1988). The plan applies only to land and resources vested 
in the Crown.  

Outlined within the plan are specific watershed management objectives which include maintaining 
water yield to satisfy both downstream and on-site demands, preventing reduction in riparian area, 
maintaining or improving water quality, minimizing anthropogenic soil erosion, and proceeding 
with proposed reclamation projects while ensuring guidelines and standards are adhered to 
(Alberta Forestry, Lands and Wildlife 1988). The plan outlines a suite of other wildlife, fisheries, 
recreation, access, tourism, timber, mineral, and historical and ecological resource objectives as 
well. Within the plan, the Ghost River subregion is divided into distinct resource management 
areas (RMAs) and specific resource management intents are outlined for each (Figure 87). 
Overarching management objectives for all RMAs include maintaining the watershed’s “natural 
beauty and safeguarding it from impairment and industrial development.” Examples of specific 
resource management objectives include maintaining existing bighorn sheep populations at 
approximately 200 animals in the Upper Ghost RMA; maintaining 50 game-fish per km in north 
Burnt Timber Creek, Waiparous Creek and the South Ghost River; formalizing commercial trail 
riding opportunities in the Fallentimber RMA; providing a range of winter and summer OHV 
recreation opportunities throughout the area; and facilitating the development of both public and 
private sector tourism (Alberta Forestry, Lands and Wildlife 1988). More importantly, the plan 
recognized the growing demand for recreation in the Ghost-Waiparous area and the potential 
conflicts with other resource values and stakeholders; this therefore identified a need for a proper 
access management strategy in the Ghost Watershed. 
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Figure 87. Resource management areas (or land use zones), which specify resource 
management intents, as defined in the Ghost River Sub-Regional Integrated Resource 
Plan. 
 

Administration of the Ghost River Sub-Regional Integrated Resource Plan was implemented by 
the appropriate government bodies, and reviewed annually by the former Eastern Slopes 
Regional Resource Management Committee. An annual report used to be published each year 
summarizing the previous year’s activities and anticipated future activities. 

11.3 Educational Programs: Shifting Gears and Respect the Land 
In 2000, Alberta Environment announced an education program called Shifting Gears, within 
which a commitment was made to develop an updated access management policy for the Ghost-
Waiparous area (ASRD 2005). The Shifting Gears program was further augmented in 2003 by 
the addition of the Respect the Land program (Figure 88), a public outreach program largely 
targeted at random camping related issues on public lands. This program educated campers on 
proper camping guidelines and etiquette (e.g., waste disposal, riparian and vegetation protection), 
as well as fire and bear safety (AESRD 2013). Unfortunately, the Respect the Land program did 
not result in the intended and desired outcomes. 
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Figure 88. Respect the Land program. 

 

11.4 Ghost Watershed Alliance Society 
In 2002, the Ghost Watershed Alliance Society (GWAS) was established as a community 
stakeholder group with a vision to “preserve and enhance the integrity of the ecosystem in the 
Ghost Watershed” (GWAS 2018a). GWAS is a Watershed Stewardship Group (WSG) under the 
Alberta government's “Water for Life Strategy”, which encourages collaboration with land 
managers to promote beneficial management practices and undertake on-the-ground actions to 
protect and restore the ecological functions of the watershed. GWAS is also an active member of 
the Bow River Basin Council.  

With a mission to identify and resolve environmental issues in the watershed through raising 
public awareness, the GWAS organizes several education-based events and aims to develop a 
science-based understanding of the watershed (GWAS 2018a). The GWAS believes that 
understanding a watershed’s composition, structure and function allows one to better identify 
thresholds for maintaining its ecological integrity. As such, the GWAS has commissioned several 
scientific reports concerning, among other topics, cumulative effects, water quality and riparian 
health. The GWAS is also currently undertaking streambank restoration projects through bio-
engineering in order to restore and protect fish and fish habitat in the Ghost Watershed (GWAS 
2018b). The GWAS was a member of the Ghost Stewardship Monitoring Group (discussed below) 
and is a recognized stakeholder in the Ghost Watershed.  
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11.5 Ghost-Waiparous Operational Access Management Plan 
In 2005, the Ghost-Waiparous Operational Access Management Plan (Figure 89) was released 
by Alberta Sustainable Resource Development. The plan focussed on short to medium-term 
objectives that dealt with educating users about human safety, ensuring sustainability of natural 
resources, minimizing conflict between OHV users and non-motorized users, and providing 
opportunities for both summer and winter OHV use, as the plan formally recognized OHV use as 
an appropriate activity. Executed through a two-year public consultation process, this plan 
identified a need to create a public land use zone on 1,500 km2 of public forest lands within the 
Rocky Mountains Forest Reserve (Alberta Sustainable Resource Development 2005). A variety 
of strategies were recognized to successfully implement this plan, falling under the overarching 
themes of education, enforcement, maintenance/engineering and monitoring. Specific access 
management strategies include proper trail signage, increased regulatory authority, penalties for 
violating trail designations, impact assessment and water quality monitoring, road and trail 
maintenance/reclamation, and “adopt-a-trail” programs (Alberta Sustainable Resource 
Development 2005). Another recommended strategy was the creation of a stewardship 
monitoring group, which was formally created in 2006 and called the Ghost Stewardship 
Monitoring Group (GSMG).  

The GSMG was created to improve safety, ensure sustainability, promote co-operation between 
all users, and provide meaningful opportunities for recreation. Comprised of individuals that 
represented the interests of industry, cattle grazers, motorized and non-motorized recreation, 
outfitters, trappers, the environment and the local community, the group aimed to play a role in 
educating users of the consequences of ignoring the regulations put in place for the area. Some 
of these consequences might include increased enforcement efforts, increased fines, increased 
restrictions on trail usage, and potential removal of trail designations (Alberta Sustainable 
Resource Development 2005). The GSMG was expected to work in collaboration with 
government, stakeholders and the public to implement a designated motorized trail and trail 
management system. The mandate of the group was to focus only on motorized recreation. The 
group realized that the government needed to broaden the mandate to include all recreational 
uses (B. Weerstra, pers. comm.). The GSMG was dissolved in December, 2015. It is anticipated 
that it will be replaced with a new stakeholder group to develop a recreational management plan 
under the South Saskatchewan Regional Plan (SSRP). 

 
Figure 89. Ghost Waiparous Operational Access Management Plan. 
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11.6 Ghost Public Land Use Zone  
In 2006, the Ghost Public Land Use Zone was declared by an Alberta Order in Council, 
encompassing part of the Ghost Watershed in addition to lands to the north and east, with the 
Red Deer River as its northern boundary (Alberta Environment and Parks 2015b). In response to 
the Ghost-Waiparous Operational Access Management Plan, the PLUZ provided legislative 
controls under the authority of the Public Lands Act. The PLUZ allows government to direct the 
use of public lands for a variety of recreational activities to certain areas and trails, during certain 
seasons. For example, under the management plan, motorized recreation use was directed to a 
627 km network of designated trails within the entire PLUZ area (specific trails for specific vehicle 
types). Since 2006, the trail system has undergone several changes including additions of new 
trails and the closure of others. This aims to ensure sustainable long-term use of the public land 
within the Ghost Watershed. The PLUZ also aims to implement a trail management strategy in 
collaboration with stakeholders (Alberta Environment and Parks 2015b). The effectiveness of the 
PLUZ is questionable, as there has been little management or enforcement of regulations.  

11.7 Land Use Framework 
The Alberta Land-use Framework (Figure 90) was adopted in 2008 to set out a new approach for 
managing Alberta’s land and natural resources to achieve long-term economic, environmental 
and social goals. Based on strategy 1 of the land use framework, seven new land use plans were 
developed based on seven new land use regions (Alberta Government 2008b). This formalized 
regional-level planning helped to implement provincial policies at a regional scale and set out 
specific land use objectives which reflected the individuality and priorities of each region. The 
Ghost Watershed falls within the South Saskatchewan Regional Plan which was finalized in 2014, 
amended in February 2017 and is discussed further below.  

 
Figure 90. Alberta Land-use Framework. 
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11.8 MD of Bighorn Municipal Development Plan 
The latest amendment to the municipal development plan for the MD of Bighorn was made in 
2012. This plan guides long-term policy for future growth and development within the municipality. 
It also provides direction for other municipal planning documents, such as the land use bylaws. 
Divided into four main parts (Background and Vision, General Policies, Future Land Use 
Strategies, and Intermunicipal and Plan Implementation Policies), the plan is intended to provide 
context to guide policy interpretation. The plan’s goals, specific to the natural environment, include 
encouraging the conservation of environmentally sensitive areas, promoting best management 
practice for weed/invasive species control, effectively managing impacts to water quality and 
quantity, and ensuring development is appropriately controlled in hazard areas (e.g., floodplains, 
erosion prone lands). Strategies by which these goals will be achieved involve rural conservation 
and maintaining a low population density, limiting and ensuring appropriate location of industrial 
development, encouraging responsible recreational use of the land, and promoting enforcement 
of relevant provincial regulations.   

11.9 Spray Lake Sawmills 5-year Stewardship Report 
In 2013, a five-year stewardship report was developed in-house by Spray Lake Sawmills (Figure 
91). This report summarizes the annual and five-year monitoring indicators between 2007 and 
2012 in the Forestry Management Agreement (FMA) area of SLS. The report addresses a series 
of natural resources management issues including access, biodiversity and wildlife habitat, pest 
and fire management, public involvement and safety, reforestation, water quality/quantity and 
fisheries (Mogilefsky and Denney 2013). Monitoring results for each resource management issue 
are presented and future management strategies are described. This report is readily available to 
the public on the Spray Lake Sawmills website. 

 

Figure 91. Spray Lake Sawmills 5 year Stewardship Report. 
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11.10 South Saskatchewan Regional Plan 
In 2014, the South Saskatchewan Regional Plan (Figure 92) was developed, an Alberta Land-
use Framework Plan which establishes a long-term vision aligned with provincial policies at the 
watershed scale to balance economic, environmental and social goals over a ten-year period 
(2014-2024). The plan includes strategies for responsible energy development, sustainable 
farming and ranching, forest management and nature-based tourism (Alberta Government 
2017c). Strategies for attaining sustainable forestry objectives included development of forest 
health and wildfire management plans, as well as mountain pine beetle management strategies. 
Tourism is to be promoted in the region by encouraging investments in proper infrastructure, 
establishing scenic by-ways, and ensuring long-term security by offering longer term leases. 
Further objectives of conserving and maintaining the benefits of biodiversity are to be achieved 
by the development of a biodiversity management plan, a linear footprint management plan (end 
of 2017), expansion of existing conservation areas, and supporting stewardship initiatives on 
public lands (Alberta Government 2017c). Specifically, Don Getty Wildland Provincial Park will be 
expanded by approximately 26,000 ha (majority outside of the Ghost Watershed near Dormer 
River), and private stewardship will be encouraged through financial incentives, market-based 
tools and Alberta Land Trust Grant Programs. Water management in the region will be achieved 
through a groundwater management plan (to be finished by the end of 2017), a surface water 
quality management framework (currently in effect; Alberta Government 2014c), establishment of 
regional wetland management objectives, advancement of wetland knowledge (Alberta Wetland 
Inventory/Wetland Assessment tools), and improvement of riparian management (Alberta 
Government 2017c). An air quality management framework is also currently in effect and 
encompasses the Ghost Watershed region (Alberta Government 2014b).  

Land use in the green area is managed for timber production, wildfire protection, resource 
development, watershed concerns, wildlife and fisheries management, tourism, recreation and 
agricultural grazing. Watershed management and headwater protection is considered a priority in 
the green areas, along with managing wildfire risk to communities. Biodiversity, forest ecosystem 
resiliency and timber supply are secondary priorities (Alberta Government 2017c). Recreation in 
green areas will be improved by addressing the 2013 flood damage, delivering education 
awareness and compliance programs, and developing the South Saskatchewan Regional Trail 
System Plan as soon as practicable (Alberta Government 2017c). White areas are managed for 
other agricultural uses, while the priority is to create an interconnected network of conservation 
areas on both Crown and private land to improve overall quality of habitat. 

Further mentioned in this plan is the fact that the Ghost River Sub-Regional Integrated Resource 
Plan will remain in effect until it is reviewed and incorporated into the SSRP, or until future 
subregional or issue-specific plans within the region are incorporated. Review of the Sub-Regional 
Integrated Resource Plan was intended to take place in 2015, and review of the Ghost-Waiparous 
Operational Access Management Plan will take place as soon as practicable (Alberta Government 
2017c).  
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Figure 92. South Saskatchewan Regional Plan. 

 

11.11 Provincial Legislation 
In addition to the above-mentioned plans, frameworks, programs and projects specific to the 
Ghost Watershed, a number of provincial legislations exist and are applicable as well. Most 
notably, the Environmental Protection and Enhancement Act provides regulation of human 
activities to minimize environmental impact; the Responsible Energy Development Act and 
Alberta Energy Regulator regulate oil and gas activities; the Fisheries (Alberta) Act regulates 
fishing activities and implements measures to protect fish health; the Forests Act provides 
regulations for management of Alberta’s forests; the Public Lands Act provides regulations for 
human uses of public lands; the Water Act allocates specific water use and protects water quality; 
the Forest and Prairie Protection Act regulates activities that could result in wildfires, such as 
camp fires, and use of fireworks, incendiary ammunition and exploding targets, and operation of 
an OHV during a fire ban; and lastly the Wildlife Act manages wildlife harvest and implements 
recovery plans for species at risk. 
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12. Conclusion 
Commissioned by the GWAS, the Ghost River SOW Report describes the current condition of the 
watershed and is meant to act as an objective tool and an initial step in watershed management 
planning. Where possible, the report has identified any areas of concern in terms of the ecological 
health of the Ghost Watershed, and has identified any factors contributing to such concerns. The 
report describes the current state of the watershed in terms of socio-economic history and 
condition; air quality; surface water quantity and allocation; surface water quality; groundwater; 
riparian and wetland health; biodiversity and wildlife resources; land use and development; and 
existing plans, programs and watershed stewardship.  

Situated west of the City of Calgary and just east of Banff National Park, the Ghost Watershed 
has a rich environmental and socio-economic history. Although people have lived in the 
watershed for thousands of years, today it is only sparsely inhabited year-round. On a more 
seasonal recreational basis, the Ghost Watershed is highly frequented, and recreational land use 
has continuously grown and evolved over time. As compared to rivers in more heavily populated 
regions, surface water and groundwater allocations remain low and streamflow contribution is 
largely snowmelt dominated. Likewise, groundwater and surface water quality has been healthy, 
with most surface water quality variables considered natural or good. Of note however, 
groundwater vulnerability is considered high in some areas of the watershed, and some surface 
water quality indicators show conditions that may be deviating from natural levels. Riparian areas 
that were inventoried were mostly rated healthy, with only some sites of sub-optimal rating. Air 
quality data that exists suggest that air quality is generally excellent. Finally, while species at risk 
indicators suggest that biodiversity is fairly strong, disturbance indicators suggest it is likely that 
certain species populations will decline in the future. In particular, habitat fragmentation, sediment 
inputs to creeks and rivers, and overall landscape degradation from growing road and trail 
networks pose substantial threats to native species in the watershed.  

Although the current state of the Ghost Watershed is generally in good health, increasing 
anthropogenic pressures can pose significant threats to the watershed. This SOW report 
highlights recommendations on how to best manage current threats and improve or maintain the 
ecological integrity of the watershed. Recommendations include but are not limited to: updating 
and expanding environmental datasets for air quality, water quality, and riparian and wetland 
inventories; implementing strict measures to stop the spread of invasive species; understanding 
and mitigating the effects of road and trail networks; and implementing a holistic land use 
management approach that includes the effects of recreational activities combined with industrial 
land use. The Ghost Watershed is a special place that is currently under high pressure from 
human use. In order to maintain the health of the watershed for future generations, it must be 
managed in a holistic and proactive manner.  
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Appendix A: Species Lists  
LIST OF VASCULAR PLANT SPECIES MENTIONED IN THE TEXT 
 
Scientific nomenclature follows Alberta Conservation Information Management System (ACIMS). 
Synonyms follow Flora of Alberta (Moss 1983). Those species in bold type are non-native 
species. 
 

Scientific Name Synonym (if applicable) Common Name 
TREES   
Abies bifolia Abies lasiocarpa subalpine fir 
Betula papyrifera  white birch 
Picea engelmannii  Engelmann spruce 
Picea glauca   white spruce 
Picea mariana  black spruce 
Pinus contorta  lodgepole pine 
Pinus flexilis  limber pine 
Populus balsamifera  balsam poplar 
Populus tremuloides    aspen 
Pseudotsuga menziesii  Douglas-fir 
   
SHRUBS   
Betula pumila  dwarf birch 
Elaeagnus commutata  silverberry 
Salix sp.  willow 
 
 

  

GRAMINOIDS   
Agropyron cristatum Agropyron pectiniforme crested wheat grass 
Bromus inermis ssp. 
inermis 

 smooth brome 

Carex sp.  sedge 
Carex aquatilis   water sedge 
Carex paupercula  bog sedge 
Danthonia intermedia  intermediate oat grass 
Danthonia parryi  Parry oat grass 
Elymus lanceolatus Agropyron dasystachyum northern wheat grass 
Elymus repens Agropyron repens quack grass 
Festuca sp.  fescue 
Festuca campestris  mountain rough fescue 
Festuca rubra  red fescue 
Juncus balticus  wire rush 
Koeleria macrantha  June grass 
Leymus innovatus Elymus innovatus hairy wild rye 
Nassella viridula Stipa viridula green needle grass 
Phleum pratense  timothy 
Poa compressa  Canada bluegrass 
Poa pratensis  Kentucky bluegrass 
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Scientific Name Synonym (if applicable) Common Name 
Schizachne purpurascens  purple oat grass 
   
FORBS   
Anemone patens  prairie crocus; pasque flower 
Campanula rapunculoides  bellflower; garden bluebell 
Carum carvi  caraway 
Chamerion angustifolium Epilobium angustifolium common fireweed 
Chamerion latifolium Epilobium latifolium broad-leaved fireweed 
Cirsium arvense  Canada thistle; creeping thistle 
Clematis tangutica  yellow clematis 
Dryas drummondii  yellow mountain avens 
Dryas hookeriana Dryas octopetala white mountain avens 
Delphinium glaucum  tall larkspur 
Equisetum arvense  common horsetail 
Geranium sp.  geranium 
Hippuris montana  mountain mare’s-tail 
Leucanthemum vulgare Chrysanthemum 

leucanthemum 
ox-eye daisy 

Lilium philadelphicum  western wood lily (“tiger lily”) 
Linaria vulgaris  common toadflax 
Lupinus sp.  lupine 
Melilotus alba  white sweet-clover 
Melilotus officinalis  yellow sweet-clover 
Myosotis asiatica Myosotis alpestris alpine forget-me-not 
Polemonium pulcherrimum  showy Jacob's-ladder 
Ranunculus acris  tall buttercup 
Sonchus arvensis  
ssp. uliginosus 

Sonchus uliginosus smooth perennial sow-thistle 

Tanacetum vulgare  common tansy 
Taraxacum officinale  common dandelion 
Trifolium sp.  clover 
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LIST OF WILDLIFE SPECIES MENTIONED IN THE TEXT 
 
Scientific nomenclature follows Alberta Conservation Information Management System 
(ACIMS). 
 

Common Name Scientific Name 
Mammals 
Black bear Ursus americanus 
Grizzly bear Ursus arctos horribilis 
Cougar Felis concolor 
Elk Cervus elaphus 
Mule deer Odocoileus hemionus 
White-tailed deer Odocoileus virginianus 
Moose Alces americanus 
Birds 
Northern pintail Anas acuta 
Lesser scaup Aythya affinis 
Hooded merganser  Lophodytes cucullatus 
Bald eagle  Haliaeetus leucocephalus 
Northern harrier Circus cyaneus 
Northern goshawk  Accipiter gentilis atricapillus 
Broad-winged hawk  Buteo platypterus 
Swainson's hawk  Buteo swainsoni 
Ferruginous hawk  Buteo regalis 
Golden eagle  Aquila chrysaetos 
American kestrel Falco sparverius 
Prairie falcon  Falco mexicanus 
Sharp-tailed grouse  Tympanuchus phasianellus 
Sora  Porzana carolina 
Barred owl Strix varia 
Great grey owl Strix nebulosa 
Red-naped sapsucker  Sphyrapicus nuchalis 
Pileated woodpecker  Dryocopus pileatus 
Olive-sided flycatcher Contopus cooperi 
Western wood-pewee Contopus sordidulus 
Least flycatcher Empidonax minimus 
Pacific-slope flycatcher  Empidonax difficilis 
Eastern phoebe  Sayornis phoebe 
Barn swallow Hirundo rustica 
Clark’s nutcracker Nucifraga columbiana 
Brown creeper  Certhia americana 
Sprague’s pipit  Anthus spragueii 
Loggerhead shrike  Lanius ludovicianus 
Cape May warbler  Dendroica tigrina 
Common yellowthroat  Geothlypis trichas 
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Common Name Scientific Name 
Western tanager  Piranga ludoviciana 
Black-headed grosbeak Pheucticus melanocephalus 
Brewer’s sparrow  Spizella breweri 
Baltimore oriole  Icterus galbula 
Reptiles/Amphibians 
Western (boreal) toad  Bufo boreas 
Fish 
Spoonhead sculpin Cottus ricei 
Westslope cutthroat trout Oncorhynchus clarkii lewisi 
Rainbow trout Oncorhynchus mykiss 
Mountain whitefish Prosopium williamsoni 
Brown trout Salmo trutta 
Bull trout Salvelinus confluentus 
Brook trout Salvelinus fontinalis 
Longnose dace Rhinichthys cataractae 
Longnose sucker Catostomus catostomus 
Burbot Lota lota 
Brook stickleback Culaea inconstans 
Insects 
Mountain pine beetle Dendroctonus ponderosae 
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Appendix B: Mammal Species Reported in the Ghost 
Watershed 

 
Common Name Scientific Name AB Status1 ACIMS Rank2 
Masked shrew Sorex cinereus   
Big brown bat Eptesicus fuscus   
Snowshoe hare Lepus americanus   
Woodchuck (groundhog) Marmota monax   
Richardson’s ground squirrel Spermophilus richardsonii   
Red squirrel Tamiasciurus hudsonicus   
Northern flying squirrel Glaucomys sabrinus   
Northern pocket gopher Thomomys talpoides   
Beaver Castor canadensis  
Deer mouse Peromyscus maniculatus   
Southern red-backed vole Clethrionomys gapperi   
Common muskrat Ondatra zibethicus   
Northern bog lemming Synaptomys borealis   
Meadow jumping mouse Zapus hudsonius   
Common porcupine Erethizon dorsatum   
Coyote Canis latrans   
Grey wolf Canis lupus   
Red fox Vulpes vulpes   
Black bear Ursus americanus   
Grizzly bear Ursus arctos horribilis At Risk S3 G4 
Marten Martes americana   
Ermine Mustela erminea   
Striped skunk Mephitis mephitis   
Cougar Felis concolor   
Canada lynx Lynx canadensis Sensitive  
Wapiti (elk) Cervus elaphus   
Mule deer Odocoileus hemionus   
White-tailed deer Odocoileus virginianus   
Moose Alces alces   
Mountain goat Oreamnos americanus   
 
1 Alberta status (Alberta Environment and Parks 2017a) 
2 Ranks given for rare species according to ACIMS (2017d); S = provincial rank, G = global rank. Hibernacula of all 
myotis and bat species are tracked. 
 
 
Sources: Fisheries and Wildlife Management Information System (FWMIS) (accessed March 
24, 2017), A. Holcroft Weerstra (pers. comm.) 
 
FWMIS: 

Dickson, D. and Edey, M. (2014). TAIP (Treated Animal Information Program), 2014. Retrieved 
March-24-2017 from the Fisheries and Wildlife Management Information System, Alberta 
Environment and Parks. 
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Dickson, D., Edey, M., Marasco, P., Mazur, C., Rasmussen, W. and Lefrancois, J. (2015). TAIP 
(Treated Animal Information Program), 2015. Retrieved March-24-2017 from the 
Fisheries and Wildlife Management Information System, Alberta Environment and Parks. 

Edey, M., Marasco, P. and Tetz, J. (2016). TAIP (Treated Animal Information Program), 2016. 
Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

Edey, M., Wiebe, R. and Dayman, A. (2013). TAIP (Treated Animal Information Program), 2013. 
Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

Hubbs, A., Feder, C. and Rasmussen, C. (2009). Elk and sheep trend survey - Winter range, 
2009. Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

Jorgenson, J., Jokinen, M. and Young, P. (2011). WMU 316 aerial winter moose survey, 2011. 
Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

Prosser, K. and McKinley, A. (2013). Effluent irrigation impact assessment 2013, Ghost cadet 
camp, Waiparous, AB. Retrieved March-24-2017 from the Fisheries and Wildlife 
Management Information System, Alberta Environment and Parks. 

Wieliczko, J., Jorgenson, J. and Fontana, M. (2007). Aerial moose survey WMU 316, 2007. 
Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

  



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

184 

Appendix C: Bird Species Reported in the Ghost Watershed 
List includes residents (permanent and summer) and migrants. 

 
Common Name Scientific Name AB Status1 ACIMS Rank2 
Common Loon Gavia immer   
Canada Goose Branta canadensis   
Mallard Anas platyrhynchos   
Northern Pintail Anas acuta   
Blue-winged Teal Anas discors   
American Wigeon Anas americana   
Ring-necked Duck Aythya collaris   
Lesser Scaup Aythya affinis   
Common Goldeneye Bucephala clangula   
Barrow's Goldeneye Bucephala islandica   
Bufflehead Bucephala albeola   
Hooded Merganser Lophodytes cucullatus  S2S3 G5 
Common Merganser Mergus merganser   
Bald Eagle Haliaeetus leucocephalus Sensitive S4 W G5 
Northern Harrier Circus cyaneus   
Sharp-shinned Hawk Accipiter striatus   
Cooper's Hawk Accipiter cooperii   
Northern Goshawk Accipiter gentilis atricapillus Sensitive S3S4 W G5T5 
Broad-winged Hawk Buteo platypterus Sensitive S3 W G5 
Swainson's Hawk Buteo swainsoni   
Red-tailed Hawk Buteo jamaicensis   
Ferruginous Hawk Buteo regalis At Risk S2S3B G4 
Rough-legged Hawk Buteo lagopus   
Golden Eagle Aquila chrysaetos Sensitive S3 G5 
American Kestrel Falco sparverius Sensitive S5 W G5 
Merlin Falco columbarius   
Prairie Falcon Falco mexicanus Sensitive S3 W G5 
Ring-necked Pheasant Phasianus colchicus   
Spruce Grouse Falcipennis canadensis   
Ruffed Grouse Bonasa umbellus   
Sharp-tailed Grouse Tympanuchus phasianellus Sensitive S3S4 W G5 
Sora Porzana carolina Sensitive  
American Coot Fulica americana   
Killdeer Charadrius vociferus   
Greater Yellowlegs Tringa melanoleuca 

 

  
Solitary Sandpiper Tringa solitaria   
Spotted Sandpiper Actitis macularia   
Wilson’s Snipe Gallinago delicata   
Ring-billed Gull Larus delawarensis   
California Gull Larus californicus   
Mourning Dove Zenaida macroura   
Great Horned Owl Bubo virginianus   
Northern Hawk Owl Surnia ulula   
Barred Owl Strix varia Sensitive S3S4 W G5 
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Common Name Scientific Name AB Status1 ACIMS Rank2 
Great Grey Owl Strix nebulosa Sensitive  
Boreal Owl Aegolius funereus   
Northern Saw-whet Owl Aegolius acadicus   
Rufous Hummingbird Selasphorus rufus   
Belted Kingfisher Ceryle alcyon   
Red-naped Sapsucker Sphyrapicus nuchalis Undetermined  
Downy Woodpecker Picoides pubescens   
Hairy Woodpecker Picoides villosus   
Three-toed Woodpecker Picoides dorsalis   
Northern Flicker Colaptes auratus   
Pileated Woodpecker Dryocopus pileatus Sensitive  
Olive-sided Flycatcher Contopus cooperi May Be at Risk S3 G4 
Western Wood-Pewee Contopus sordidulus May Be at Risk S3S4 W G5 
Alder Flycatcher Empidonax alnorum Sensitive  
Willow Flycatcher Empidonax traillii   
Least Flycatcher Empidonax minimus Sensitive S5 W G5 
Hammond’s Flycatcher Empidonax hammondii   
Pacific-slope Flycatcher Empidonax difficilis Undetermined SU W G5 
Dusky Flycatcher Empidonax oberholseri   
Eastern Phoebe Sayornis phoebe Sensitive  
Say's Phoebe Sayornis saya   
Eastern Kingbird Tyrannus tyrannus   
Tree Swallow Tachycineta bicolor   
Violet-green Swallow Tachycineta thalassina 

 

  
Northern Rough-winged 
  Swallow 

Stelgidopteryx serripennis   

Bank Swallow Riparia riparia Sensitive S4 W G5 
Cliff Swallow Petrochelidon pyrrhonota   
Barn Swallow Hirundo rustica Sensitive S3 W G5 
Grey Jay Perisoreus canadensis   
Blue Jay Cyanocitta cristata   
Clark’s Nutcracker Nucifraga columbiana  Sensitive  
Black-billed Magpie Pica hudsonia   
American Crow Corvus brachyrhynchos   
Common Raven Corvus corax   
Black-capped Chickadee Poecile atricapilla   
Mountain Chickadee Poecile gambeli   
Boreal Chickadee Poecile hudsonica   
Red-breasted Nuthatch Sitta canadensis   
White-breasted Nuthatch Sitta carolinensis   
Brown Creeper Certhia americana Sensitive S3S4 W G5 
House Wren Troglodytes aedon   
American Dipper Cinclus mexicanus   
Golden-crowned Kinglet Regulus satrapa   
Ruby-crowned Kinglet Regulus calendula   
Mountain Bluebird Sialia currucoides   
Townsend's Solitaire Myadestes townsendi   
Swainson's Thrush Catharus ustulatus   
Hermit Thrush Catharus guttatus   
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Common Name Scientific Name AB Status1 ACIMS Rank2 
American Robin Turdus migratorius   
Varied Thrush Ixoreus naevius   
Northern Mockingbird Mimus polyglottos   
American Pipit Anthus rubescens   
Sprague’s Pipit Anthus spragueii Sensitive S3S4 G4 
Bohemian Waxwing Bombycilla garrulus   
Cedar Waxwing Bombycilla cedrorum   
European Starling Sturnus vulgaris   
Northern Shrike Lanius excubitor   
Loggerhead Shrike Lanius ludovicianus Sensitive S3 G4 
Blue-headed Vireo Vireo solitarius   
Cassin’s Vireo Vireo cassinii Undetermined SU G5 
Warbling Vireo Vireo gilvus swainsonii   
Red-eyed Vireo Vireo olivaceus   
Tennessee Warbler Vermivora peregrina   
Orange-crowned Warbler Vermivora celata   
Yellow Warbler Dendroica petechia   
Cape May Warbler Dendroica tigrina Sensitive S3 W G5 
Yellow-rumped Warbler Dendroica coronata   
Townsend's Warbler Setophaga townsendi   
Blackpoll Warbler Dendroica striata   
Black-and-white Warbler Mniotilta varia   
American Redstart Setophaga ruticilla   
Ovenbird Seiurus aurocapillus   
Northern Waterthrush Seiurus noveboracensis   
MacGillivray's Warbler Oporornis tolmiei   
Common Yellowthroat Geothlypis trichas Sensitive  
Wilson's Warbler Wilsonia pusilla   
Western Tanager Piranga ludoviciana Sensitive S3S4 W G5 
Rose-breasted Grosbeak Pheucticus ludovicianus   
Black-headed Grosbeak Pheucticus melanocephalus  S3 W G5 
Lazuli Bunting Passerina amoena   
American Tree Sparrow Spizella arborea   
Chipping Sparrow Spizella passerina   
Clay-coloured Sparrow Spizella pallida   
Brewer’s Sparrow Spizella breweri Sensitive S3S4 W G5 
Vesper Sparrow Pooecetes gramineus   
Savannah Sparrow Passerculus sandwichensis   
Song Sparrow Melospiza melodia   
Lincoln's Sparrow Melospiza lincolnii   
Swamp Sparrow Melospiza georgiana   
White-throated Sparrow Zonotrichia albicollis   
White-crowned Sparrow Zonotrichia leucophrys   
Dark-eyed Junco Junco hyemalis   
Lapland Longspur Calcarius lapponicus   
Snow Bunting Plectrophenax nivalis   
Red-winged Blackbird Agelaius phoeniceus   
Western Meadowlark Sturnella neglecta   
Yellow-headed Blackbird Xanthocephalus xanthocephalus   
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Common Name Scientific Name AB Status1 ACIMS Rank2 
Brewer's Blackbird Euphagus cyanocephalus   
Common Grackle Quiscalus quiscula   
Brown-headed Cowbird Molothrus ater   
Baltimore Oriole Icterus galbula Sensitive  
Grey-crowned Rosy-Finch Leucosticte tephrocotis   
Pine Grosbeak Pinicola enucleator   
Purple Finch Carpodacus purpureus   
House Finch Haemorhous mexicanus   
Red Crossbill Loxia curvirostra   
White-winged Crossbill Loxia leucoptera   
Common Redpoll Carduelis flammea   
Hoary Redpoll Carduelis hornemanni   
Pine Siskin Carduelis pinus   
American Goldfinch Carduelis tristis   
Evening Grosbeak Coccothraustes vespertinus   
House Sparrow Passer domesticus   
 

1 Alberta status (Alberta Environment and Parks 2017a) 
2 Ranks given for rare species according to ACIMS (2017d); S = provincial rank, G = global rank, T = rank for subspecific 
taxon, W refers to a species on the watch list versus the tracking list;  
U = currently unrankable due to lack of information or due to substantially conflicting information. 
 
Sources: Fisheries and Wildlife Management Information System (FWMIS) (accessed March 
24, 2017), Breeding Bird Survey (northern end of route 40-215 – mile 20 to 50) (Pardieck et al. 
2016), Alberta Breeding Bird Atlas (Bird Studies Canada 2017a, 2017b), eBird checklists (see 
below), A. Holcroft Weerstra (pers. comm.), G. Yaki (pers. comm.) 
 

Bird Studies Canada. (2017a). Alberta breeding bird atlas (1987-1992). Data accessed from 
NatureCounts, a node of the Avian Knowledge Network, Bird Studies Canada. Available: 
http://www.naturecounts.ca/ (accessed May 2, 2017) 

Bird Studies Canada. (2017b). Alberta breeding bird atlas (2000-2005). Data accessed from 
NatureCounts, a node of the Avian Knowledge Network, Bird Studies Canada. Available: 
http://www.naturecounts.ca/ (accessed May 2, 2017) 

Pardieck, K.L., Ziolkowski Jr., D.J., Hudson, M.-A.R. and Campbell, K. (2016). North American 
breeding bird survey dataset 1966 - 2015, version 2015.1. U.S. Geological Survey, 
Patuxent Wildlife Research Center. <www.pwrc.usgs.gov/BBS/RawData/>; 
doi:10.5066/F7C53HZN. (route 40-215 - 
http://donnees.ec.gc.ca/data/species/assess/north-american-breeding-bird-survey-bbs-
in-canada/north-american-breeding-bird-survey-maps-for-canada/Cartes%20AB-
04%20Maps/04-215%20GHOST%20LAKE.pdf (accessed Feb. 19, 2018)) 

  

https://www.birdscanada.org/birdmon/default/datasets.jsp?code=ABATLAS1
https://www.birdscanada.org/birdmon/default/datasets.jsp?code=ABATLAS1
https://www.birdscanada.org/birdmon/default/datasets.jsp?code=ABATLAS1
https://www.pwrc.usgs.gov/BBS/RawData/
http://donnees.ec.gc.ca/data/species/assess/north-american-breeding-bird-survey-bbs-in-canada/north-american-breeding-bird-survey-maps-for-canada/Cartes%20AB-04%20Maps/04-215%20GHOST%20LAKE.pdf
http://donnees.ec.gc.ca/data/species/assess/north-american-breeding-bird-survey-bbs-in-canada/north-american-breeding-bird-survey-maps-for-canada/Cartes%20AB-04%20Maps/04-215%20GHOST%20LAKE.pdf
http://donnees.ec.gc.ca/data/species/assess/north-american-breeding-bird-survey-bbs-in-canada/north-american-breeding-bird-survey-maps-for-canada/Cartes%20AB-04%20Maps/04-215%20GHOST%20LAKE.pdf
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FWMIS: 

Barrowclough, G., Lai, J. and Schroeder, M. (2015). Molecular, morphological, and behavioral 
description of the spruce grouse (Falcipennis canadensis) hybrid zone in Alberta, 2015. 
Retrieved March-24-2017 from the Fisheries and Wildlife Management Information 
System, Alberta Environment and Parks. 

Lovell, S. (2005). Vocal, morphological, and molecular interactions between vireo taxa in 
Alberta, 2005-2006. Retrieved March-24-2017 from the Fisheries and Wildlife 
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Appendix D: Specific Historical Grazing Documentation and 
Range Management Planning of the Four Allotments in the 
Ghost Watershed 
This appendix continues the discussions in chapter 3 (socio-economic history) and chapter 10 
(land use) related to ranching and grazing. Further information on each of the four range 
allotments is presented. 

Aura Cache Grazing Allotment 

The first written records indicating use of the Aura Cache Allotment were in 1947. At the time, the 
allotment consisted only of the Cache Creek distribution unit (DU). Although a partial management 
plan was produced in 1954, it lacked a proper management program as the establishment of the 
allotment was “incomplete” (Alberta Environment and Parks 2015c).  

In 1959, the Eastern Rockies Forest Conservation Board (ERFCB) completed and implemented 
the range management plan (ERFCB 1959b). The allotment was expanded to include the Horse 
Creek DU. This increased the carrying capacity to 1,150 AUMs although the stocking rate was 
set at 1,000 AUMs (Table 1). 

In 1978, the plan was revised to reduce overuse of the primary range along Waiparous Creek and 
to encourage more use within upper tributary creek drainages. To improve range health, the 
stocking rate or preference quota was reduced to 650 AUMs. To accomplish this, the grazing 
season was reduced by one month, with delayed entry and earlier departure dates (Alberta 
Environment and Parks 2015c).  

Historically, the Aura Cache Allotment has been managed with a seasonally repeated rotational 
grazing system. Between 1959 and 1991, entry dates have varied from June 15th to July 31st 
depending on range condition. Cattle entered the Cache Creek DU, then were slowly pushed 
north to enter the Horse Creek DU for mid-season grazing. The herd then returned back south to 
the Cache Creek DU for the last month of grazing. In 1992, the entry date was shifted to mid-July 
with the same pattern of use. In recent years, entry has been earlier due to the establishment of 
tame forages (Alberta Environment and Parks 2015c). Tame forages need to be grazed early in 
the season, so cattle now enter the southeast corner of the allotment first, then move along the 
eastern side to the northwest corner up to Cow Lake and Lunch Creek. Once that area has been 
utilized, the cattle drift back south along the western portion of the allotment (Alberta Environment 
and Parks 2015c).  

In 2008, the provincial range agrologist for the region conducted a range heath assessment6 of 
the allotment (Guedo 2008a). Twenty pre-selected sites were assessed in upland range areas 

                                                 
6 The concept of range health has been adopted for management of grassland, forest and tame pastures 
to denote changes in vegetation composition, productivity and land stability. Indicators are: integrity and 
ecological status, community structure, hydrologic function and nutrient cycling, site stability and 
presence of noxious weeds (Adams et al. 2009). The three categories of health are: healthy (> 75%), 
healthy with problems (50-74%) and unhealthy (<50%). 



GHOST RIVER STATE OF THE WATERSHED REPORT 2018 

191 

and two were assessed in riparian areas. Of the rangeland sites, fifteen were classified as healthy, 
three were healthy with problems and two were unhealthy. Both of the riparian sites were 
classified as healthy. The lower health scores were attributed to introduction of tame forages and 
localized degradation resulting from past heavy grazing, random camping, OHV recreational use 
and feral horse use. 

The most recent inventory was conducted in the summer of 2006, and a draft plan was 
implemented in 2015 (Alberta Environment and Parks 2015c).  

Table 1. Summary table of changes in management in the Aura Cache Allotment.  
Source: Government of Alberta range management plans and annual range reports 
(unpublished). 

Devil’s Head Grazing Allotment 

Devil’s Head Allotment has been used for livestock grazing since the late 1880s. Historically, the 
allotment has been a horse winter grazing area and continues to be so. In 1977, the preference 
quota was set at 820 AUMs (Table 2), and since then the AUMs generally have been below this 
number (Alberta Forestry, Lands and Wildlife 1992).  

The first range management plan was written and implemented in 1959 (ERFCB 1959c). At this 
time, the allotment consisted of three distribution units (South Field, East Field and West Field) 
and four holding pastures on the north side. In 1961, a portion of the South Field DU was removed 
from the allotment and transferred to the Stoney Nakoda Nation (Stoney Indian Reserve). With 
the loss of this land and the poor condition of the West Field DU, the carrying capacity was 
reduced and summer use was terminated. A small group of horses grazed this area for the entire 
season until 1982. At this time, the fence was in poor condition and was removed by the Alberta 

Year Notes Grazing Period AUMs 

1947 First written records June 1- October 31 Carrying capacity 560; 
stocking rate unknown 

1954 First range management plan 
(incomplete) 

 560 

1959 Plan completed and 
implemented 

Entry varied between 
June 15 and July 31 

1,000 

1978 Plan revised June 15 – October 15 650 

1992  Entry date mid-July 650 

2006 Most recent range inventory    

2015 Due to tame forages, shift in 
entry date 

Entry date between 
July 5 and 10 

785 
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Forest Service. In 1990, the South Field DU was amalgamated back into the allotment. New 
fencing material was provided by the Alberta Forest Service and the fence was reconstructed by 
the allotment permittee. 

Currently, the horses enter the West Field DU in the fall, then are moved into the East Field DU 
where they stay until spring. This departure date varies depending on snow cover and timing of 
the spring thaw. If chinook conditions prevail causing the thawing of the ice, the horses are moved 
back into the West Field DU until the area re-freezes. In March, the gates between these two DUs 
remain open to allow movement of the horses between them. The horses are herded into the 
pastures to the north in March and removed from the allotment by April 30th (Alberta Forestry, 
Lands and Wildlife 1992).  

To ensure proper livestock distribution, a range rider moves the horses to salting areas and the 
secondary ranges that would otherwise receive less use. A Commercial Trail Riding Permit 
applies to the House Yard DU allowing horses to use this pasture as long as supplemental feed 
is supplied (Alberta Forestry, Lands and Wildlife 1992). 

In 1989, the range management plan was updated and revised. It was subsequently expanded in 
1992 to include more information (Alberta Forestry, Lands and Wildlife 1989a, 1992).  

To enhance forage availability for the permitted horses, a prescribed burn of bog birch brushland 
was proposed in 1989. The proposal recommended two follow-up burns, the first in 1993 and the 
second in 1996. In the spring of 1990, 97 ha (240 ac) were burned. At the same time, areas of 
willow were mowed under the direction of the Fish and Wildlife Division. This was to stimulate re-
growth for wildlife browse (Alberta Forestry, Lands and Wildlife 1992). The subsequent burns did 
not take place. The bog birch was not killed, but rather re-sprouted from the root caudex. In 2001, 
an application to conduct a brush gyro-mowing project was submitted. However, it was withdrawn 
due to costs (Alberta Forestry, Lands and Wildlife 2001). 

In 2008, the provincial range agrologist for the region conducted a range heath assessment of 
the allotment (Guedo 2008b). Twenty-three pre-selected sites were assessed in upland range 
areas and three were assessed in riparian areas. Of the rangeland sites, seventeen were 
classified as healthy, five were healthy with problems and one was unhealthy. Of the three riparian 
sites, two were classified as healthy and one was healthy with problems. Overall, the allotment 
was healthy, with the rangelands exhibiting native species biodiversity and habitat, soil stability 
and fertility, and watershed protection. The lower health scores were partially attributed to the 
presence of introduced tame forages. Stressors included past localized heavy grazing, and 
degradation resulting from random camping and OHV recreational use. 

The most recent range inventory was conducted in the summer of 2013. The grazing allotment 
permittee hired a certified rangeland consultant approved by the government of Alberta (GoA). At 
the time of writing, their report was in the final stages. When approved by the government, the 
information and data provided will be used to write an updated range management plan (C. 
Boulton, pers. comm.). 
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Table 2. Summary table of changes in management in the Devil’s Head Allotment.  
Source: Government of Alberta range management plans and annual range reports 
(unpublished). 

Ghost River Grazing Allotment 

The first known use of the allotment lands was in the early 1900s when it was grazed by horses 
from the Bar C Ranch (Johnson 1977c:105, 106). Between 1924 and 1935, portions were grazed 
by sheep, cattle and horses (Johnson 1977c:107; Alberta Energy and Natural Resources 1977b). 

The first livestock grazing records are from 1947. Between then and 1958, the stocking rate 
records indicate only that the livestock type was mature animals. After 1958, the records indicate 
that the livestock using the allotment consisted of yearling cattle, cow/calf pairs and bulls. 

The first range management plan was not written until 1959 (ERFCB 1959d). The annual stock 
return documents became more accurate, describing entry/exit dates and livestock types, and 
including notes on management issues. The allotment was separated into five DUs (Four Mile, 
Johnson Creek, Lookout, Meadow Creek and Holding Field). The Holding Field DU had limited 
forage, therefore, it was only used to hold cattle entering and leaving the allotment (Alberta 
Forestry, Lands and Wildlife 1989b). 

In the four large DUs, a rotational grazing system was implemented using two separate herds. A 
mature cow/calf herd was placed in Four Mile DU for three months, then moved to Meadow Creek 

Year Notes Grazing Period AUMs 

1947   Stocking rate 1,800 

1959 First management plan written 
and implemented 

October 15 - May 15, 
summer grazing 
permitted in the West 
Field DU 

Carrying capacity 
2,625 

1961 Portion of South Field DU 
removed from allotment 

Summer grazing 
terminated 

2,100 

1977 Preference quota established  820 

1989 Plan updated and revised November 30 - April 
30 

820 

1990 South Field DU amalgamated 
back into allotment 

 820 

1992 Plan expanded to include more 
information 

 820 

2013 Most recent range inventory    
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DU for three months until the end of the season. The yearling herd started in Johnson Creek DU 
and moved to Lookout DU. Each DU was grazed for two months. The following year, the mature 
herd was initially placed in Meadow DU and the yearling herd in Lookout DU (Alberta Forestry, 
Lands and Wildlife 1989b). 

In 1966, ownership of the ranch that held the Forest Reserve Grazing Permit changed. A rotational 
system was adopted and used until 1973. However, rather than running two herds, the yearlings 
and cow/calf pairs were amalgamated into one herd. The number of yearlings varied each year. 

The new permittee adopted a different strategy using the same DUs at the same time each year. 
The rationale was that since the allotment was so large, it was impractical to use the old rotational 
system because his private land base (Bar C Ranch) was too far south of the northernmost DUs. 
Access and distance created difficulties (Alberta Forestry, Lands and Wildlife 1989b). Although 
this was convenient for the permittee, it was not a good range management practice. 

After leaving the Holding Field DU early in the grazing season, the cattle tended to use the Green 
Trail and either side of Highway 40 since they contain tame forage species which are more 
palatable in the spring. The brushland areas tended to be avoided. At the end of July, the herd 
was relocated to Meadow Creek DU where extensive range riding was essential to move the herd 
throughout the DU for proper distribution. At the end of August, the herd was moved up the Eau 
Claire Trail to Johnson Creek DU for approximately one month. They used Lookout DU during 
the last portion of the season, where the forage base was low. Subsequently, the herd slowly 
drifted back south, through Johnson Creek, Meadow Creek and Four Mile DUs to the Holding 
Field. They were removed from the forest reserve on October 31st (Alberta Forestry, Lands and 
Wildlife 1989b). 

To promote watershed protection, headwater areas of the Ghost River were restricted from 
grazing by domestic livestock. These included upper areas of Waiparous Creek and the entire 
Ghost River Wilderness Area (ERFCB 1970:17). 

In 1977, the preference quota was set at 1,559 AUMs (Alberta Forestry, Lands and Wildlife 
1989b). At the time, actual use totalled 1,089 AUMs. Since then, based on the actual stock forms, 
the AUMs have varied (Table 3). Most years the stocking rate was below the preference quota. 

The range management plan was updated and completely revised in 1989 (Alberta Forestry, 
Lands and Wildlife 1989b). It proposed a different grazing system to allow better distribution and 
range utilization. However, this management strategy was not adopted.  

In 2007, the provincial range agrologist for the region conducted a range heath assessment of 
the allotment (Guedo 2007). Thirty-five pre-selected sites were assessed in upland range areas. 
Of these sites, fifteen were classified as healthy, eleven were healthy with problems and nine 
were unhealthy. At the time of the assessment, rangeland functioning was being impaired at the 
majority of the sites assessed. There was a reduction in biodiversity, habitat, soil stability and 
fertility, and water quality and quantity. The lower health scores were partially attributed to the 
presence of introduced tame forages and in some areas the presence of noxious weed species. 
Stressors included high grazing use, and degradation resulting from random camping, OHV 
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recreational use and feral horse use. Although riparian areas were not assessed, the report noted 
that recreational use within these areas was having a negative impact. It also noted that there 
was much evidence of OHVs not staying on the trails. 

The most recent range inventory took place in the summer of 2015. A GoA certified rangeland 
consultant conducted this work under contract with the Rocky Mountain Forest Range Association 
(RMFRA). At the time of writing, the report was not complete. When approved by the GoA, the 
information and data provided will be used to write an updated range management plan.  

Table 3. Summary table of changes in management in the Ghost River Allotment.  
Source: Government of Alberta range management plans and annual range reports 
(unpublished). 

 

Year Notes Grazing Period AUMs 

1900 to 1924 Mainly grazed by horses Year long Unknown 

1923 to 1935 Grazed by sheep, cattle and 
horses 

 Unknown 

1947  First documented livestock 
records by government 

 Stocking rate varied 
from 550 to 2,400 

1958 Cattle herds  Undetermined 

1959 First management plan 
written; allotment separated 
into five DUs 

June 1 - October 
31 

Carrying capacity 
1,950 

1970 Livestock grazing restricted 
in headwaters of Waiparous 
Creek and Ghost River 
Wilderness Area. 

  

1973 Feral horses first mentioned 
in range inspection reports 

 Unknown 

1977 Preference quota 
established 

Entry date June 
15 

Preference quota 
1,559 

Actual stocking rates 
have varied from 698 
to 1,624 

1989 Updated range 
management plan 

 Stocking rate variable 

2015 Most recent range inventory   Stocking rate variable 
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Lesueur Creek Grazing Allotment 

In 1959, to enhance management of the range resource, the Ghost River Allotment was split to 
form an additional allotment, the Lesueur Creek Allotment. The name has been misspelled as 
“Lesieur” in the 1959 and 1977 range management plans and on the corresponding maps. 

The first range management plan was written in 1959 (ERFCB 1959e). In this plan, it was noted 
that continuous grazing had occurred for many years previously. The stocking rated varied and 
the entire allotment was grazed as one large area similar to the Ghost River Allotment. The range 
was in poor condition and better management was needed.  

The calculated carrying capacity and the suggested stocking rate were higher than the actual use 
in 1958 (Table 4). The plan did not specify the type of herd that should graze the allotment. 
However, a cow/calf herd and four bulls grazing between June 1st and October 31st were 
considered acceptable.  

The allotment is naturally divided into two areas as a result of a north-south oriented timbered 
ridge. It separates an area to the east, known as “Bum Coulee”, from the valley of Lesueur Creek 
on the western side. The use of these two areas alternated between years. One year, early 
season grazing (July 1st to August 21st) would occur within “Bum Coulee” and the lower half of 
the Lesueur Creek drainage. Then the herd was moved to the upper two-thirds of the Lesueur 
drainage (August 22nd to October 15th). The following year, the order was reversed. This 
management strategy allowed grazing at different times of the season, reducing the effects of 
early season utilization. 

Between 1960 and 1997, the annual range reports were conducted by the Alberta Forest Service. 
The 1962 report indicated gully erosion on the steep portions of the seismic lines. The earliest 
mention of OHV use was in 1983, when erosion was evident in areas where seismic lines crossed 
wet areas, including Lesueur Creek. The annual report indicated that erosion was evident and 
gates were left open. 

The wire gate at the entrance to the allotment on the TransAlta Road was a major concern when 
left open. Cattle could wander out of the allotment onto private land. In 1984, a cattle guard was 
installed to solve this problem. Subsequently, most annual reports indicate escalating issues of 
random camping and OHV use causing compaction and degradation of the open grassland and 
meadows. In 1997, the Forest Reserve Allotment Self-Inspection Form was made available for 
use by the permittee to report management concerns. 

During the summer of 1976, a reconnaissance and transect survey was conducted to evaluate 
the range and watershed condition within the allotment (Alberta Energy and Natural Resources 
1977b). As a result, a reduction in the stocking rate to 384 AUMs was recommended. 

In 2006, an updated Operational Rangeland Management Plan indicated that the permitted use 
of the allotment would be based on the 2005 permit, i.e., a preference quota of 453 AUMs. The 
rationale for increasing the stocking rate was due to the use of an animal unit equivalence 
calculation based on the metabolic weight of the animals (Government of Alberta 2005).  
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In 2008, the provincial range agrologist for the region conducted a range heath assessment of 
the allotment (Guedo 2008c). Eleven pre-selected sites were assessed in upland range areas 
and five were assessed in riparian areas. Of the rangeland sites, six were classified as healthy, 
two were healthy with problems and three were unhealthy. Of the five riparian sites, three were 
classified as healthy and two were healthy with problems. The lower health scores were attributed 
to past localized heavy grazing and degradation resulting from random camping, OHV 
recreational use and feral horse use. 

In July 2011, the Ghost Watershed Alliance Society (GWAS) contracted staff from the Alberta 
Riparian Habitat Management Program to conduct a riparian health assessment within the 
allotment (Cows and Fish 2012a). In 2013, a comprehensive vegetation inventory and 
assessment was compiled by a GoA certified rangeland consultant hired through the RMFGA. In 
addition, the riparian health sites of Cows and Fish (2012a) were reassessed, along with five 
additional sites. The information and data provided will be used to update the range management 
plan. 

Table 4. Summary table of changes in management in the Lesueur Creek Allotment. 
Source: Government of Alberta range management plans and annual range reports 
(unpublished). 

 

 

 

Year Notes Grazing Period AUMs 

1959 Split from the Ghost River 
Allotment; 
first management plan 
written 

June 1 - October 31 Carrying capacity 
750 

Stocking rate 625 

1976 Reconnaissance and 
vegetation survey conducted 

Recommended  
July 1 - October 15 

Stocking rate 384 

2006 Updated the plan; 
recommended increasing 
AUMs based on animal unit 
equivalents 

 Preference quota 
453 

2008 Range and riparian health 
assessment conducted 

  

2011 GWAS contracted study to 
assess riparian health 

  

2013 Most recent range inventory    
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