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ABSTRACT 

This Master's Degree Project (MDP) investigated the natural revegetation processes 
operating in an alpine location, exhibiting alpine and arctic tundra characteristics (e.g. 
permafrost, vegetation), disturbed by petroleum industry activities from 1956 to the 
present day. The study area was the Plateau Mountain Ecological Reserve, one of a 
limited number of Rocky Mountain permafrost sites, located on the summit of Plateau 
Mountain (2348 to 2500 m asl), near the south end of Kananaskis Country, Alberta, 
Canada (50° 13'N, 114° 31' W). 

Three industrial disturbance types were included in the study (road, well site/surface 
clearing and pipeline), and two levels of disturbance are distinguished (severe and less 
severe). A transect and point frame sample plot based vegetation inventory was 
established, with transects spanning disturbed and adjacent undisturbed terrain. Sample 
plots were recorded in undisturbed (15 m from disturbance), near disturbance (5 m from 
disturbance) and across disturbed terrain, with plot locations depending on disturbance 
type. The study results (i.e. predominance of native, summit species colonizers, 
substantial plant cover on disturbed sites, species richness trends, and generally high 
vegetation community similarity (ISS) between disturbed and undisturbed terrain) indicate 
relatively successful natural revegetation of disturbed sites. 

Based on analysis of this study's results in conjunction with the literature review, 
recommendations were developed for reclamation of abandoned and existing disturbances 
and future industrial activity, ecological reserve management and research initiatives. 
Recommendations specify for natural revegetation to continue on abandoned sites, 
enhanced natural recovery processes on existing sites, and protection of the site's 
ecologically significant features while recognizing public safety issues and adhering to the 
limitations imposed by the site's ecological reserve designation. 

Keywords: alpine, arctic, disturbance, Ecological Reserve, natural recovery, 
permafrost, Plateau Mountain, reclamation, vegetation. 
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CHAPTER 1: INTRODUCTION 

1.1 PROJECT RATIONALE 

Petroleum industry' exploration, development and production activity is not new to alpine 

and arctic tundra environments. However, an awareness that the environmental severity of 

such sites generally precludes traditional reclamation practices is a more recent 

phenomena. In recognition of this, Husky Oil Operations Ltd. endeavors to undertake 

reclamation initiatives on petroleum related disturbances in the alpine zone of the Plateau 

Mountain Ecological Reserve following guidelines that properly address the site's alpine 

setting, alpine and arctic tundra characteristics, ecological reserve status and management 

objectives. Several of these disturbances were abandoned up to 41 years ago, and have 

been naturally revegetating since that time. 

The purpose of this Master's Degree Project (MDP) is to assess the natural recovery of the 

Plateau Mountain summit disturbances in light of existing alpine and arctic (hereafter 

referred to as alpine/arctic) tundra literature in order to determine the reclamation needs on 

these sites. The literature review will assist in identifying appropriate reclamation 

techniques for abandoned and existing disturbances, and management direction for 

stewards of the Plateau Mountain Ecological Reserve. Recommendations for reclamation, 

industrial activity', ecological reserve management and future research will be provided to 

Husky, Alberta Environmental Protection and relevant users of the reserve. These 

recommendations will reflect the site's natural recovery ability, its ecological reserve 

program objectives and reclamation practices relevant to alpine/arctic tundra 

environments. 

To date, the main research activities on Plateau Mountain include a variety of geological 

efforts, investigations into permafrost and ice cave features, climatic monitoring, slope 

processes, patterned ground analysis and undisturbed vegetation analysis (Alberta 

Environmental Protection, 1998). However, no attempt has been made to document the 

natural recovery' of existing disturbance or devise site specific reclamation guidelines. This 

research need is essential to fulfillment of management objectives for the Plateau Mountain 

Ecological Reserve. Furthermore, it is inherent in Alberta Environmental Protection's 
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(1998) recognition that although road accessibility of this attractive and unique area has 

stimulated considerable research interest, more remains to be done in order to more fully 

understand, appreciate and manage it. 

1.2 PROJECT PROPONENT 

In June of 1997, this study was formally commissioned by the project proponent, Husky 

Oil Operations Ltd. (Husky). Since the early 1950's, Husky has held subsurface rights to 

Savanna Creek Gas Field, including portions of the Plateau Mountain Ecological Reserve, 

and has been conducting natural gas exploration, development and production. Currently, 

Husky holds surface dispositions for two well site leases (5-32-14-4 W5M and 6-29-14-4 

W5M), a license of occupation for two well site access roads, a right of entry lease and a 

pipeline agreement within the Plateau Mountain Ecological Reserve (Alberta 

Environmental Protection, 1998). By agreement between Husky and the provincial 

government, petroleum dispositions will be allowed to continue until reserve depletion. 

However no new surface development is allowed within the reserve boundaries (Alberta 

Environmental Protection, 1998). 

1.3 PROJECT GOAL AND OBJECTIVES 

In order to meet the research need outlined above, the following goal was established for 

this MDP: 

1. to contribute ecological information to the study of alpine/arctic tundra 
natural revegetation and ultimately assist Husky Oil Operations Ltd. in 
their endeavor of responsible stewardship within the Plateau Mountain 
Ecological Reserve. 

Embedded within this goal are a number of specific objectives that will be met by this 

MDP. These objectives are as follows: 

1. to conduct a literature review pertaining to the ecology and reclamation 
potential for alpine/arctic tundra sites, and vegetation sampling 
methodology; 

2. to document the location, date and extent of disturbance within the 
Plateau Mountain Ecological Reserve; 
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3. to document the natural revegetation of disturbed sites, with particular 
emphasis on vegetation species presence, frequency, frequency class, 
richness and similarity to adjacent, undisturbed terrain; 

4. to determine if a weed (i.e. non-native species) problem exists on 
disturbances, and if so, to provide recommendations for eradication; 

5. to interpret from the field data natural revegetation patterns for 
disturbed sites; 

6. to assess the state and the relative success of natural recovery of the 
disturbed sites; and, 

7. to devise recommendations for reclamation and management direction 
within the Plateau Mountain Ecological Reserve. 

LIMITATIONS OF PROJECT 

The scope of this MDP is limited to disturbed and adjacent undisturbed terrain on the 

summit of Plateau Mountain, within the Ecological Reserve boundaries. Revegetation 

research will be conducted along representative sample sites of abandoned petroleum 

related disturbances. Natural vegetation recovery on disturbed sites is the primary concern 

of this study's field work, and other environmental parameters will be monitored and 

discussed as appropriate. 

Pursuant to the Wilderness Areas, Ecological Reserves and Natural Areas Act 

(WAERNA) (Province of Alberta, 1987) under which the Plateau Mountain Ecological 

Reserve is regulated, a number of activities are prohibited that will limit this project's 

recommendations. Most importantly: 

8(1) No person shall 

(f) unless authorized by the Minister, collect, destroy or remove any plant 
life or animal life (or bird eggs) or excavate or remove fossils or other 
objects of geological, ethnological, historical or scientific interest in a 
wilderness area or ecological reserve 

(h) introduce into, deposit in or add to a wilderness area or ecological 
reserve a material or substance that is or may be harmful to plant or 
animal life in the wilderness area or ecological reserve 

(i) operate a motorized vehicle or motor boat in an ecological reserve 
except on routes or in areas designated for that purpose under the 
regulations 

(k) without consent of the Minister 

(i) construct, reconstruct or add to an improvement on, or 
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(ii) do any act that will alter or disturb the surface of land 

within a wilderness area or ecological reserve 

(Province of Alberta, 1987) 

These limitations are reflected in the Plateau Mountain Ecological Reserve Draft 

Management Plan (Alberta Environmental Protection, 1998), which introduces the 

following management issues. 

1. vehicle access into the reserve is limited to Husky service vehicles and 
authorized research permit holders on the existing 5-32 and 6-29 
access roads and lease sites only; 

2. reclamation activities within the reserve boundaries must make use of 
certified native plant material; 

3. chemical pest and/or weed control is not allowed within the reserve 
boundaries; 

4. recreation or tourism opportunities within the reserve will not be 
promoted; 

5. the potential for severe environmental conditions and the presence of 
sour gas facilities on the Plateau Mountain summit present significant 
public safety concerns. 

Research related field work and reclamation and management recommendations for the 

Plateau Mountain Ecological Reserve will be limited by these regulations and management 

issues. 

1.5 DEFINITIONS OF TERMS AND ABBREVIATIONS 

Active layer - the layer of ground above the permafrost which thaws in the summer and 
freezes again in the winter (Washburn, 1973). 

Albedo - the proportion of light or radiation reflected by a surface (Thompson, 1995). 

Alpine zone - pertains to those portions of mountains above the upper limit of tree growth 
and to the organisms living there (Hardy BBT Limited, 1990; Korner, 1995). 

Congeliturbation - frost action that causes stirring, thrusting and heaving of the earth's 
mantle, or massive lateral soil movements (Hardy BBT Limited, 1990) 

Cryoturbation - frost action, including frost heaving (Hardy BBT Limited, 1990). 

Cryptogamic soil - mosses combined with lichens or other fungi to produce patches of 
crust on the ground; these tin} ecological communities are often the first to 
colonize bare ground (Gadd, 1995). 

Cumulic regosol - regosols are soils that show little horizon distinction, and are indicators 
of relatively unstable conditions which destroy soil profile zonation; cumulic 

4 



regosols are formed by mass wasting, and are common on grassy south facing 
slopes and on sandy fluvial terraces and fans (Alberta Energy and Natural 
Resources, 1984). 

Edaphic factor - a condition or characteristic (physical, chemical or biological) of the soil 
or other substrate that influences organisms, macro or micro, plant or animal 
(Everett, 1980). 

Epipetric - growing on rock (Griffiths, 1982). 

Felsenmeer - extensive accumulations of predominantly angular, boulder sized, frost 
shattered rock on horizontal and gently sloping terrain (Hardy BBT Limited, 
1990). 

Frequency - a tally of counts in quadrats of a given size (Krebs, 1989). 

Frequency class - a law of frequency based on five 20% frequency classes, with the 
numbers of species of a community distributed in the classes (Randall, 1978). 

Hummocks - a non-sorted form of nets characterized by knob-like shape and vegetation 
(Washburn. 1973). 

Ice lensing - a dominantly horizontal layer of ice within the soil (Washburn, 1973). 

Insolation - exposure to the sun's rays (Thompson, 1995). 

Krummholz - gnarled, stunted and usually bush forms of trees, typically conifers, which 
can be found in areas at the altitudinal limit of trees (Allaby, 1992); Gadd (1995) 
refers to these trees as kruppelholz. 

MDP - Masters Degree Project. 

Nunatak - summit peaks that were above the limits of the last glaciation (Gadd, 1995). 

Orthic regosol - regosols are soils that show little horizon distinction, and are indicators of 
relatively unstable conditions which destroy soil profile zonation; orthic regosols 
are found on most cobbly fluvial and glaciofluvial terraces and on steep (45%+) 
south and southwest facing slopes (Alberta Energy and Natural Resources, 1984). 

Palsa - mounds containing ice lenses (horizontal layers of ice within the soil) and occurring 
in bogs (Washburn, 1973). 

Patterned ground - in general, a term collectively applied to the range of periglacial 
features (Woods, 1977); specifically, Washburn (1950) refers to patterned ground 
as " a group term for the more or less symmetrical forms, such as circles, 
polygons, nets, steps and stripes, that are characteristic of, but not necessarily 
confined to, mantle subject to intensive frost action", this statement is qualified 
with, " regularity is inherent in (the term) pattern" (Woods, 1977); patterned 
appearance is commonly due to a border of stones surrounding an island of finer 
material (Woods, 1977). 

Pereltok - a frozen layer at the base of the active layer that remains unthawed for one or 
two summers (Washburn, 1973). 

Periglacial - cold climate, primarily terrestrial, nonglacial processes and features 
regardless of date or proximity to glaciers (Washburn. 1973); a term applied to 
either a cold climate, a particular range of features found in such a cold climate 
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landscape, or to a number of processes which function in such an environment; 
these features seem directly responsible for generating a range of periglacial 
features collectively referred to as patterned ground (Woods, 1977). 

Permafrost - perennially frozen ground defined as a thickness of soil or other superficial 
deposit, or even of bedrock, at a variable depth beneath the surface of the earth in 
which a temperature below freezing has existed continually for a long time (from 
two to tens of thousands of years); permanently frozen ground is defined 
exclusively on the basis of temperature, irrespective of texture, degree of 
induration, water content, or lithologic character (Washburn, 1973) 

Phenology - the study of the impact of climate on the seasonal occurrence of flora (i.e. date 
of flowering) and the periodically changing form of an organism, especially as this 
affects its relationship with its environment (Allaby, 1992). 

Propagule pool - residual vegetative fragments present on site, either buried in or on the 
surface of soil layers. 

Reclamation - a two part definition including both the technical and restorative aspects of 
landscape rehabilitation (Bradshaw, 1995). Objectives of the technical aspects of 
reclamation include: 1.) stabilization of land surfaces, 2.) pollution control, 3.) 
visual improvement, and 4.) general amenity. By including restorative aspects, the 
following are also included in the list of objectives. 5.) land productivity, 6.) 
diversity, 7.) species composition, and 8.) ecosystem function. 

Rehabilitation - means that the site will be returned to a stable form and productivity level, 
according to a predetermined land-use plan, and that pre-disturbance land uses are 
not necessarily the post-disturbance land-use plan (Brown et ai, 1986). 

Relict - not of present day origin; permafrost on Plateau Mountain is thought to be relict 
(Harris, 1979; Harris and Brown, 1982) because it was formed during the last 
glaciation when the summit was exposed to an extremely cold glacial environment. 

Restoration - implies that land will be returned to precisely the state it was before 
disturbance; it requires rebuilding the soil, precise placement of trees and rocks, 
and the use of only native plants and animals to repopulate the site (Brown et al., 
1986). 

Revegetation - the establishment of plant cover on a disturbed site where the original 
vegetation has been partly or completely removed (Cargill and Chapin, 1987). 

Recovery - the attainment of a (plant) community structure and species composition 
similar to that of adjoining undisturbed communities thought to have originally 
possessed comparable plant communities and physical characteristics (Curtin, 
1995). 

r/K-selection - typical K- and r- strategists (stress tolerators and ruderals respectively) 
differ in the most basic reproductive traits; K- strategists have high abortion rates 
(low seed to ovule ratios) whereas r- strategists have low abortion rates (high seed 
to ovule ratios) (Molau, 1993). 

Seed bank - residual seeds present on site buried in the soil layers that provide potential 
colonizing species on disturbances. 
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Seed rain - filled seeds falling or dispersing into an area via annual reproductive cycle of 
plants. 

Serai - a phase in the sequential development of a climax community (Allaby, 1992). 

Sorted circles - patterned ground whose stone borders are dominantly circular, generally 
found on slopes averaging 1.44° (Woods, 1977). 

Sorted nets - patterned ground whose stone borders are neither circular nor polygonal, 
generally found on slopes averaging 3.87' (Woods, 1977). 

Sorted flow features - patterned ground whose stone borders are neither circular nor 
polygonal, generally found on slopes averaging 7.22' (Woods, 1977). 

Sorted stripes - patterned ground whose stone borders form a striped pattern, generally 
found on slopes averaging 11.98° (Woods, 1977). 

Succession - the changes in the plant community on a site over time; if the site is initially 
free of seeds or other propagules, succession is termed primary, otherwise it is 
secondary (Cargill and Chapin, 1987). 

Talic - an unfrozen layer within the permafrost (Washburn, 1973). 

Terricolous - growing on soil or on ground (Allaby, 1992). 

Thermokarst - differential ground subsidence induced by permafrost degradation (Nicholas 
andHinkel, 1996). 

Turbic cryosol - soils that are frozen year-round and subject to frost heave (Alberta Energy 
and Natural Resources, 1984). 

WAERNA Act - Wilderness Areas, Ecological Reserves and Natural Areas Act (Province 
of Alberta, 1987). 

1.6 DOCUMENT OUTLINE 

The following provides an outline of the remainder of the document by chapter heading, 

including a brief summary of the chapter details contained therein. 

Chapter 2: contains zoning, ecological and disturbance history information for the Plateau 
Mountain study area that serves as a framework for understanding the limits that 
this site imposes on reclamation and management recommendations. 

Chapter 3: contains an extensive literature review pertaining to alpine/arctic tundra 
ecology, including: environmental characteristics, permafrost, vegetation, 
succession and disturbance patterns, and reclamation potential. 

Chapter 4: describes the methodology used to conduct the literature review, document the 
extent of disturbance, natural revegetation patterns and state of recovery of 
disturbances, and devise recommendations for reclamation and management. 

Chapter 5: reports the results of the Plateau Mountain study, including: the extent of 
disturbance, environmental characteristics, vegetation inventory plant species list, 
plant species frequency and frequency class, dominant colonizing plant species, 
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plant species richness, and floristic similarity (ISS) between disturbed and adjacent 
undisturbed vegetation. 

Chapter 6: analyzes the Plateau Mountain data results with respect to the literature review 
findings in order to interpret natural revegetation patterns, evaluate the state of 
natural recovery of disturbances, and ultimately, guide reclamation and 
management recommendations. 

Chapter 7: summarizes key findings from the Plateau Mountain study. 

Chapter 8: provides issues and recommendations for reclamation of abandoned and 
existing disturbances, industrial activity, ecological reserve management and 
research initiatives within the Plateau Mountain Ecological Reserve. 
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CHAPTER 2: STUDY AREA 

2.1 INTRODUCTION 

The purpose of this chapter is to provide background information pertaining to the study 

area's regulatory, climatic, geological and glacial history, soil and vegetation ecology and 

disturbance history characteristics. These characteristics give rise to the site's uniqueness, 

and will influence the disturbed site recovery process and ultimately the reclamation and 

management recommendations. Specifically, location and zoning will determine regulatory 

influences for industrial, recreational, reclamation and management initiatives. 

Establishing the site's climatic conditions will influence the assessment of disturbed site 

recovery and the applicability of certain reclamation technologies. The site's geological 

and glacial history lend explanation to its unique characteristics, and as such, its ecological 

significance. Descriptions of soil and vegetation ecology will assist in understanding 

limitations to disturbed site recovery, and advance the selection of appropriate reclamation 

and management recommendations. Disturbance history information identifies the 

locations and dates of disturbance, out of which, sample sites can be selected for the field 

component of this study. 

2.2 LOCATION AND ZONING 

The study area is located on the summit of Plateau Mountain within the Husky Savanna 

Creek gas field (hereafter referred to as Savanna Creek gas field) (Figure 2.1). Plateau 

Mountain is situated in the Livingstone Range at the south end of Kananaskis Country, 

approximately 114° 31' west longitude and 50° 13' north latitude. The summit is relatively 

flat, and roughly 15 km2 in area, extending 8 km north to south and ranging from < 1 to 2 

km east to west. Elevation within the study area ranges from approximately 2348 m (7700 

ft) at the northern extent of the summit to 2500 m (8200 ft) near the south end. Harris and 

Brown (1982) have proven the existence of a zone of continuous permafrost as well as 

islands of discontinuous on Plateau Mountain, and delineated their position along a north 

south transect. All sites included in the study are located above treeline, in the alpine zone. 
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Oil and gas activity within the Savanna Creek gas field is traditionally regulated by the 

Alberta Energy and Utilities Board through the Oil and Gas Conservation Act (Alberta 

Energy and Utilities Board, 1980) and guided by both the East Slopes Policy (Government 

of Alberta, 1984) and the Kananaskis Country Subregional Integrated Resource Plan 

(Alberta Forestry, 1986). However, with the establishment of the Plateau Mountain 

Ecological Reserve by an Alberta Order-In-Council on 12 December 1991, the study area 

portion of the Savanna Creek gas field also falls under legislation of the Wilderness Areas, 

Ecological Reserves and Natural Areas Act (WAERNA Act) (Husky Oil Operations Ltd., 

1997a). Also on 12 December, 1991, a second Alberta Order-In-Council was passed that 

transferred the power to carry out management measures or programs for the preservation 

of the animal and plant life and the environment of the Ecological Reserve from the 

Minister of Recreation and Parks (now the Alberta Environmental Protection Natural 

Resource Service) to the Minister of Forestry, Lands and Wildlife (now the Alberta 

Environmental Protection Land and Forest Service) (Husky Oil Operations Ltd., 1997a). 

Since this date, research initiatives within the Plateau Mountain Ecological Reserve require 

special permission under the approval of the Alberta Environmental Protection Land and 

Forest Service. A copy of the Ecological Reserves Permit for Research and Collection 

obtained for this project is presented in Appendix I. 

Currently, Husky is operating two sour gas wells (5-32-14-4 W5M and 6-29-14-4 W5M) 

within the Plateau Mountain Ecological Reserve boundary, and they are serviced daily by 

Husky representatives. By agreement with the provincial government, Husky is allowed to 

continue production of these sites until gas reserve depletion, but no new surface 

development is allowed within the ecological reserve boundaries (Alberta Environmental 

Protection, 1998). 

Ecological Reserves are defined as "areas selected as representative or special natural 

landscapes and features of the province, which are protected as examples of functioning 

ecosystems, as gene pools for research, and for education and heritage appreciation 

purposes" (Alberta Environmental Protection, 1998). This overall purpose statement is 

further refined in terms of the following four program objectives: 

1. Protection: To protect a system of provincially significant representative 
and special natural ecosystems and features to ensure the perpetuation of 
genetic materials and natural ecological units. 
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2. Heritage Appreciation: To provide opportunities for unstructured 
individual exploration and appreciation of the natural resource heritage 
and natural environments of Alberta to the extent that is compatible with 
protection of natural resource features. Scientific research and the 
associated generation and dissemination of ecological knowledge is a 
primary use of ecological reserves. 

3. Outdoor Recreation: To provide opportunities for non-consumptive, 
nature-oriented recreational use where compatible with the protection 
objective. 

4. Tourism: To provide ecologically-based opportunities for visitors where 
compatible with the protection objective. 

(Alberta Environmental Protection. 1998) 

The Plateau Mountain Ecological Reserve was established to represent and protect the 

unique combination of alpine and sub-alpine natural features found on the mountain. 

These include: rare periglacial landforms, cave systems (ice cave and January cave), 

lichen, kobresia and other alpine plant communities, rare vascular plant species, whitebark 

pine forest, sub-alpine spruce-fir forest, talus slopes and important wildlife habitat for 

Rocky Mountain Bighorn sheep (Ovis canadensis), hoary marmot (Marmota caligata), 

white-tailed ptarmigan (Lagopus leucurus) and water pipet (Anthus rubescens) (Alberta 

Environmental Protection, 1998). 

In order to solicit cooperation of resource stakeholders within the Plateau Mountain area, 

the Plateau Mountain Ecological Reserve Management Planning Team was established to 

devise a management plan for direction of future activities within the reserve boundaries 

(Alberta Environmental Protection, 1998). The team is comprised of representatives from 

Alberta Environmental Protection's Natural Resource Service (Parks and Fish and 

Wildlife) and Land and Forest Service, Husky Oil Operations Ltd. and the Federation of 

Alberta Naturalists. Release of the management plan was advertised by public notice in 

Okotoks, Nanton and High River newspapers, and draft copies were distributed to 

interested members of public for review and comment. An open house was held at the 

Turner Valley ranger station on 28, January 1998 for final comment and discussion 

regarding the draft management plan. 
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CLIMATE 

Alpine areas in the front ranges of the rocky mountains generally exhibit short cool 

growing seasons, long cold winters, low effective precipitation and high wind speeds (Baig, 

1972; Macyk, 1989; Walker, 1995). As established in the following paragraphs, Plateau 

Mountain is no exception to this. The hostile nature of the climate experienced on the 

Plateau Mountain summit will limit the use and success of traditional reclamation 

technologies. 

Annual temperature data collected at high elevation permafrost sites in southern Alberta 

since 1974 indicates a period of cooling until 1986 followed by warming at lower elevation 

sites on the shoulders of mountains (Harris, 1995). The Plateau Mountain temperature 

station, situated at 2499 m, shows a decrease of roughly 3.5 ° C (-1 ° C to -4.5 ° C) in mean 

annual air temperature from 1975 to 1985 followed by markedly increased variability but 

similar overall averages (Harris, 1995). Records of extreme cold events on permafrost 

sites in southwest Alberta between 1981 and 1992 indicate three events on Plateau 

Mountain, with temperatures measuring -63.25' C and -63 C in February of 1989 and -

49 ° C in December of 1990 (Harris, 1995). 

Although contemporary monthly climatic data are not available for the study area, a 

limited amount of data have previously been collected within the reserve boundaries. 

Woods (1977) documented air temperature averages and monthly air freeze-thaw cycles 

from three stations located on the summit of Plateau Mountain from 1 August, 1976 to 31 

July, 1977 (Tables 2.1, 2.2 and Figure 2.2). He ascertained a mean annual air temperature 

of -4.20 °C. Similarly, in an independent study on Plateau Mountain, Harris and Brown 

(1978) determined the mean annual air temperature to be -4.1 °C on the summit and 

+0.05 C below the timberline, approximately 2266 m (7485 ft). In a study of timberline 

vegetation in the Alberta Rocky Mountains, Baig (1972) established a mean yearly 

temperature of below 0 ° C at all weather stations in the study area (average elevation of 

2323 m). 

Prior to these studies, weather records are available for the study area vicinity from two 

Alberta Forest Service Lookouts, Raspberry Ridge 11 km northwest and Hailstone Butte 4 

km east, both located at an elevation of approximately 2250 m (7500 ft) (Bryant, 1968). 
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These records are complete for the months of June to the end of September from 1965 to 

1967 (Table 2.1 and Figure 2.2). A comparison of summer temperature records in Table 

2.1 reveals slightly cooler conditions on Plateau Mountain; an average of 5.71°C for 

Plateau Mountain and 7.99 °C for the Raspberry Ridge/Hailstone Butte Fire Lookout 

locations. The slightly higher elevation of the Plateau summit (2348 m to 2500 m vs. 2250 

m), may explain in part the cooler temperature regime. Despite the slight difference in 

summer temperature, both records provide evidence for the extremely short, cool summer 

climate experienced on the Plateau summit (Woods, 1977). 

Precipitation has been documented for the summer months from the Raspberry 

Ridge/Hailstone Butte Fire Lookouts (Table 2.1) (Bryant, 1968). On average, 6.53 cm of 

precipitation per month fell from June through to September of 1965 to 1967. The highest 

amount of precipitation fell in June, and the lowest in July. Although Bryant (1968) did 

not document the nature of the precipitation, Baig (1972) observed that precipitation near 

the timberline generally falls as rain from June to the first week of September, but snow 

can occur at almost any time during that period. Precipitation records are not available for 

the study area over the winter months. Previous research in the Alberta Rocky Mountains 

reveal that winter precipitation is generally equal to or less than summer precipitation in 

the eastern Front Ranges (Beder, 1967; Baptie, 1968). In addition, a strong prevailing 

west wind, characteristic of Plateau Mountain summit (Blanchette, pers. comm., 1997), 

invariably blows snow from wind exposed sites and deposits it on protected, leeward 

slopes (Baig, 1972). As such, exposed habitats like the summit of Plateau Mountain 

exhibit little or no winter snow cover, and consequently, negligible snow contribution to 

soil moisture regimes. In addition, the terrain is exposed year round to substantial wind 

desiccation. 

During the course of 1976 to 1977, Woods (1977) documented a total of 91 freeze-thaw 

cycles in the air, 19 cycles at 20 cm ground depth and 3 cycles at 50 cm ground depth on 

Plateau summit (Table 2.2). The majority of both the air (81) and the 20cm ground depth 

(17) cycles occur during the spring and fall periods (Woods, 1977). Bryant (1968) also 

noted a number of freeze-thaw cycles in the air temperature regime of the Plateau 

Mountain summit, particularly during the first (June) and last (September) months of his 

field study, roughly coinciding with spring and fall seasons (Table 2.2). 
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Table 2.1: Combined average weather records from Plateau Mountain (PM) 
summit and Raspberry Ridge/Hailstone Butte (RR/HB) Fire Lookouts 
(adapted from Woods, 1977 and Bryant, 1968).1,2 

Temperature (monthly average in ° 0 Precipitation 
RR/HB PM RR/HB 

Month Min. Max. Mean Min. Max. Mean Mean 

June 0.83 8.94 4.89 -6 25 3.68 12.80 
July 5.50 16.05 10.78 -1 16 11.37 2.92 

August 6.00 11.44 8.72 -2 17 3.82 5.18 
September 0.38 14.77 7.57 -11 -17 3.95 5.23 

October — — — -13 12 0.24 — 
November - - - -19 4 -8.48 -
December - - - -22 -3 -11.87 -

January - - - -35 -3 -17.10 -
February — -- - -34 -6 -16.95 -
March - - - -30 5 -12.90 -
April — - — -26 25 -5.98 -
May - - - -12 22 -0.16 -

Mean 3.18 12.80 7.99 -17.6 10.9 -4.20 6.53 

1. Plateau Mountain data averages obtained in 1976/77 from three sites on the summit of Plateau (Woods, 1977). 
2. Raspberry Ridge/Hailstone Butte Fire Lookout data obtained during the months of June to September only, over the time 

period spanning 1965 to 1967. 

Figure 2.2: Combined average temperature records from Plateau Mountain 
summit (PM) (1976-1977) and Raspberry Ridge/Hailstone Butte Fire 
Lookouts (RR/HB) (1965-1967). 
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Table 2.2: Monthly number of freeze - thaw cycles recorded on Plateau Mountain 
summit (adapted from Woods, 1977 and Bryant, 1968). 

Freeze - Thaw Cycles 
air1 ground - 20 cm ground - 50 cm 

Month Year 1977 196S 1977 1977 
June 19 15 12 0 
July 2 1 0 0 
August 3 6 2 1 
September 7 11 3 2 
October 20 - 2 0 
November 3 - 0 0 
December 0 - 0 0 
January' 0 - 0 0 
February 0 - 0 0 
March 2 - 0 0 
April 15 - 0 0 
Mav 20 - 0 0 

TOTAL 91 33 19 3 

1. Air freeze-thaw cycle data in right hand side column recorded by Bryant (1968), all other data in Table 2.2 recorded by 
Woods (1977). 

GEOLOGY 

Approaching from the east, Plateau Mountain is a component of the Rocky Mountain 

Front Ranges, the second geological structural subunit encountered in the Rocky Mountain 

system. Each structural subunit is separated from adjacent subunits by major thrust faults 

(North and Henderson, 1954; Baig, 1972). The Front Ranges, including Plateau 

Mountain, are separated from the eastern foothills by the McConnell fault and from the 

western Main Ranges by the Castle Mountain fault (North and Henderson, 1954; Baig, 

1972). The Front Ranges are characteristically composed of repeated southwest dipping 

rock subunits that alternate limestone peaks with shale valleys (Gadd, 1995). 

Plateau Mountain is situated along the north-south axis of the Plateau Mountain anticline 

(Baig, 1972; Sanderson, 1995; Woods, 1977), which is considered the primary cause for 

the flatness of the summit area (Woods, 1977). The strata consist of Devonian dolomite 

and limestone. Mississippian sandstone, Permian and Jurassic sandstone and shale, and 

Upper Cretaceous sandstone, siltstone and shale (Douglas, 1958; Baig, 1972). The 

majority of the Plateau summit is composed of the Spray Lakes Group, with the 

Etherington and Mount Head formations exposed at subsequently lower elevations and the 

Livingstone Formation in the valley bottoms (Sanderson, 1995). 
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GLACIAL HISTORY 

Harris (1994) illustrates a strong correlation between periods of glacial expansion and the 

occurrence of permafrost in the Cordillera of North America. The summit of Plateau 

Mountain is believed to have been a nunatak, completely above the upper limits of the late 

Pleistocene glaciation (Woods, 1977; Bird, 1990; Gadd, 1995). Douglas (1958) places the 

upper limit of the early Wisconsin glaciation in the Highwood Range at an elevation of 

1860 m (6100 ft) in the northern portions and at 1770 m (5806 ft) near the eastern border, 

in the general area of Plateau Mountain summit (elevation £ 2348 m). Evidence for this 

limit to glaciation is implicit in the absence of glacial erratics and the presence of patterned 

ground features (Felsenmeer surface with stone polygons) on the summit of Plateau 

Mountain (Baig, 1972). Harris and Brown (1982) suggest that Plateau Mountain is 

relatively unique amongst permafrost study sites in the Alberta Rocky Mountains in that it 

exhibits no evidence of being overridden by Pleistocene glaciers and shows relict 

permafrost. The glacier free zone was likely exposed to a colder periglacial environment 

than surrounding glaciated areas, and accordingly, the summit of Plateau Mountain may 

have experienced greater intensities of freeze-thaw activity at that time (Woods, 1977). 

Harris and Brown (1982) have gathered sufficient evidence from Plateau Mountain to 

draw a north-south cross section of continuous permafrost through the mountain (Figure 

2.3). 

Figure 2.3: North-south section showing the proven distribution of permafrost 
in Plateau Mountain (adapted from Harris and Brown, 1982). 
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Through thermistor and thermocouple measurements, they have found that ground 

temperatures are continually adjusting to climatic variations of the season. Through 

interpolation calculations of the temperature cable (i.e. thermistor and thermocouple) 

recordings. Woods (1977) found the depth to the permafrost table on the summit to be 

between 4.48 m and 7.10 m. However, since then, Harris and Brown (1982) report that 

the ground surface is about 30 to 50 m above the limit of near-surface, present day 

permafrost (Harris and Brown, 1982). Harris and Brown (1982) describe Plateau 

Mountain's permafrost as relict. 

PATTERNED GROUND FEATURES 

Patterned ground features present on the Plateau Mountain summit include sorted circles, 

sorted nets, sorted flow features, sorted stripes and scree slopes (Bryant, 1968; Woods 

1977). Woods (1977) established an ordering of this patterned ground phenomena that 

demonstrates associations of particular patterned ground features with increasing mean 

slope angles as follows: sorted circles, 1.44°; sorted nets, 3.87°; sorted flow features, 

7.22°; sorted stripes, 11.98°, and; scree slopes, 25.94°. Although the summit area is 

characterized by permafrost conditions that were initiated under periglacial conditions, the 

current state of Plateau's permafrost is relatively stable, and small fluctuations are most 

greatly affected by the annual climatic cycle (Woods, 1977; Harris and Brown, 1982; 

Harris, 1981; Harris, 1995). "...One of the predominant processes active today in this 

landscape, at least within 50 cms of the surface might be what Washburn (1973) referred 

to as primary frost sorting, and Corte (1963) referred to as vertical and lateral sorting, 

namely the up-freezing and ejection of stones from fines by repeated freezing and thawing, 

and the gradual particle by particle sorting of particularly the American Silt sized material 

upward from depth" (Woods, 1977). Furthermore, Woods (1977) states that the great 

variation in the rate and timing of the annual freezing and thawing cycle on the Plateau 

Mountain summit indicates that it is possible for a number of closed systems to establish 

themselves. In light of this, Woods (1977) concludes that it is possible for great 

deformation pressures to be set up during the annual re-freezing processes. 
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SOILS AND VEGETATION 

Soil development, including horizon formation, organic content and nutrient levels, on the 

summit of Plateau appears restricted to sites not disturbed by patterned ground features. 

Bryant and Scheinberg (1970) found that frost activity is occurring on two scales: 1.) 

annual or historic congeliturbation which has produced the larger patterned ground 

features, and; 2.) diurnal congeliturbation which produces frost boils within the larger 

sorted patterned ground structures. Bryant (1968) found that the best developed soils on 

the summit of Plateau Mountain have a simple A-B-C profile, an average organic matter 

content of 32 % and are generally found under turf forming vegetation around the 

perimeter of frost boils. Soils under active frost boils lack the organic A horizon, and seem 

to be equivalent in profile to the B and C horizons under turf forming vegetation (Bryant, 

1968). However, inactive frost boils tend towards an A-B-C horizon soil profile 

development that correlates well with successional revegetation patterns. Bryant (1968) 

also noted that all soil horizons contained considerable amounts of gravel and silt, with 

only the C horizon exhibiting appreciable clay. 

At a broader landscape scale, the Ecological Land Classification system of Alberta 

(Alberta Energy and Natural Resources, 1984) has classified the summit of Plateau 

Mountain as having primarily no soil development. Where soil exists on the summit, it is 

generally classified as an orthic or cumulic Regosol or a Turbic Cryosol indicating very 

poor profile development caused by unstable or perennially frozen conditions that inhibit 

horizon formation. In a previous study of timberline vegetation in the Alberta Rocky 

Mountains, Baig (1972) found that soil parent materials originate from two dominant 

processes, glaciation and colluviation, and as such, soils are derived primarily from 

colluvial materials, glacial tills, weakly water-washed tills, and occasionally weathered 

bedrock. Neither glaciation nor colluviation apply to the Plateau Mountain summit. 

Rather, soils on the summit are likely derived from a single parent material, the Spray 

Lakes group, through a single process, cryoturbation (Hills, pers. comm., 1997). 

However, Baig's (1972) conclusion that chemical and microbial soil forming processes are 

retarded by the low temperatures and the brevity of the frost-free period is equally valid for 

the Plateau Mountain summit. 
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Plateau Mountain is of particular interest to botanists because of the patterned ground, 

permafrost and various other periglacial features found there (Revel, 1984). The summit 

of Plateau Mountain is located entirely above treeline, which in the vicinity is 

approximately 2290 m (7500 ft) (Woods, 1977). The summit area is described as fellfield 

tundra with stony cryoturbated portions of the patterned ground features dominated by 

epipetric and terricolous lichens and turf forming vegetation dominating the stable central 

portions (Bryant, 1968; Bryant and Schienberg, 1970; Griffiths, 1982). Vegetation is 

described as diverse and complex in development, with lichen species dominating cover 

above 2440 m (8000 ft) (Bryant, 1968). Bird (1990) documents a total of 211 alpine 

plants for the Plateau Mountain summit, including: 86 lichens, 28 bryophytes and 97 

vascular plants (Appendix III). Droppo (1990) supplements Birds' alpine list with an 

additional 56 alpine vascular plant species (Appendix III). 

DISTURBANCE HISTORY 

Mechanized access into the subalpine reaches at the south end of Plateau Mountain 

initiated in 1939 with the construction of the 5-20-14-4 W5M well road by Anglo 

Canadian Oil Company (Husky Oil Operations Ltd., 1997b) (Figure 2.4). From original 

entry into the area in 1939, to the revival of oil and gas operations in 1952, the majority of 

development activity focused on road construction to access remote areas for the purpose 

of fire suppression and eventually timber extraction at lower elevations (Horejsi, 1993). 

Subsequent to increasing road density within the previously inaccessible area, oil and gas 

interests in the Savanna Creek gas field renewed. A photographic record of the Plateau 

Mountain summit disturbances was collected. Disturbed sites utilized for this study are 

photographically documented in subsequent chapters. Disturbed sites not utilized for this 

study are included here to illustrate the variety of disturbances on the summit. 

From 1952 to 1956, a number of seismic operations and road construction projects, 

primarily for gas exploration but also for Fire Lookout access (Hailstone Butte), initiated 

in the subalpine areas near Plateau Mountain (Horejsi, 1993). By spring of 1956, the road 

network reached the summit of Plateau Mountain, and the 5-32-14-4 W5M well (currently 

in production) was spudded on 12 April, 1956 (Husky Oil Operations Ltd., 1997b) (Figure 

2.4 and Plate 2.1). Road construction continued at both subalpine and alpine elevations 
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from 1956 to approximately 1978. Of primary significance to this project, extensions to 

the alpine road network occurred in 1956 to reach 3-17-15-4 W5M at the far north end 

(spudded 11 May, 1956; abandoned November, 1957), in 1978 to access 6-29-14-4 W5M 

at the far south end (spudded 11 August, 1978; currently in production) (Plate 2.2), and 

between 1956 and 1958 to reach two locations (7-5-15-4 W5M and 15-29-14-4 W5M) 

that were not drilled (Horejsi, 1993; Husky Oil Operations Ltd., 1997b) (Figure 2.4). 

Road and well site construction activities on Plateau Mountain summit utilized existing 

native materials (Elliot, pers. comm., 1997). Roads were built up by scraping surface 

vegetation, soil, subsoil and rock layers into a central road bed from adjacent ditches. 

Similarly, well sites were leveled and in the process, generally cleared of vegetation, 

topsoil, subsoil and rock layers. 

The Savanna Creek gathering system, constructed prior to full gas field production in 1961 

(Horejsi, 1993), traverses the south end of the Plateau Mountain summit (Figure 2.4). 

With the exception of lines extending west towards 10-30-14-4 W5M and east to tie-in 

with the main system, pipeline right-of-ways on the summit generally parallel existing 

roads (Husky Oil Operations Ltd., 1997c). 

A number of smaller scale disturbances were identified on the Plateau Mountain summit. 

However, specific dates are unknown. Disturbances noted include: vehicle impressions 

across un-roaded areas likely caused by recreational users of the area prior to 1980 (Plate 

2.3); single path cat tracks possibly created during construction of nearby roads and 

pipelines (Plate 2.4), and; a number of surface stripped areas along the 3-17 access road 

similar in shape but smaller in size to well site clearings (Figure 2.4). These surface 

disturbances were likely done between 1956 and 1958, simultaneous to road and well site 

construction activities in the vicinity. 

A number of abandonments have taken place on roads and well sites on the Plateau 

Mountain summit. Although abandoned in 1957, the 3-17-15-4 well road to the north end 

of the summit received regular vehicle traffic primarily by recreational users of the area 

until 1980 (Orich, pers. comm., 1997). In 1980, Plateau Mountain was identified as a 

candidate ecological reserve, and a locked access gate was installed near treeline (Orich, 

pers. comm., 1997) (Figure 2.4). Between 1980 and 1989, public vehicle traffic on the 

abandoned summit roads was restricted to special permission under the authority of the 
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Plate 2.1: View north of the 5-32-14-4 W5M well site, spudded 12 April, 1956 and currently 
in production. 

Plate 2.2: View southeast of the 6-29-14-4 W5M well site, spudded 11 August, 1978 and 
currently in production. 
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Plate 2.3: View southwest of vehicle tracks across alpine tundra vegetation on the west flank 
of the Plateau summit. 

Plate 2.4: View north of cat track paralleling the 3-17 access road across alpine tundra 
vegetation. 
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Alberta Environmental Protection Land and Forest (Orich, pers. comm., 1997). Since 

1989, no vehicle traffic has been permitted on abandoned access roads (Orich, pers. 

comm., 1997). However, this does not preclude illegal use of these roads (Orich, pers. 

comm., 1997). The 7-5-15-4 W5M and 15-29-14-4 W5M wells were never drilled, and as 

such, their access roads likely received low levels of vehicular traffic since construction 

(between 1956 and 1958). 

Until recently, with the exception of regrading the 3-17 well site approximately 10 years 

ago, abandonment activities within the Plateau Mountain Ecological Reserve involved 

primarily equipment removal and site cleanup (Elliot, pers. comm. 1997; Alberta 

Environmental Protection, 1998). Abandoned roads, well sites and surface clearings have 

not been contoured, and seeding programs have not been initiated. At the time of these 

abandonment's, very little was known about reclamation of sites of such environmental 

severity as well as significance. In part, this explains the lease operators decision not to 

attempt partial site reclamation (Elliot, pers. comm., 1997). In September of 1997, 

abandoned flare pits on the 5-32 and 6-29 production well leases were reclaimed by Husky 

in accordance with recommendations by Alberta Environmental Protection representatives. 

Cattle grazing has been allowed in the Plateau Mountain area and the whole of Kananaskis 

Country for over 100 years (Alberta Energy and Natural Resources, 1984), and continues 

in the Ecological Reserve by special permit granted under the Forest Reserves Act 

(Province of Alberta, 1987). According to Blanchette (pers. comm., 1997), cattle are 

rarely observed on the Plateau summit, and as such disturbance due to domestic grazing 

activity is likely insignificant. This, in conjunction with higher quality cattle range 

generally occurring in valley bottoms (Alberta Energy and Natural Resources, 1984), were 

likely grounds to allow continued domestic grazing within the reserve boundaries. 

Daily activity within the Plateau Mountain Ecological Reserve includes well inspection at 

the 5-32 and 6-29 sites, with traffic limited to the summit access road and confined well 

site space. Recreation activity, primarily hiking, mountain biking and nature viewing, 

within the reserve boundaries is infrequent, and generally limited to weekend use during the 

spring and summer seasons (Blanchette pers. comm., 1997). Current research initiatives 

include a long term permafrost study, numerous short term field observations of flora and 

fauna, and the present study. Activity within the Plateau Mountain Ecological Reserve is 
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monitored by the Husky Savanna Creek Field Operators, and unauthorized events reported 

to the Alberta Environmental Protection Land and Forest Service district office in Turner 

Valley, Alberta. A table summarizing disturbance and abandonment dates for development 

activities within the Plateau Mountain Ecological Reserve boundary is located in section 

5.2. 
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CHAPTER 3: LITERATURE REVIEW 

3.1 INTRODUCTION 

The purpose of this chapter is to review research pertaining to alpine/arctic tundra 

environments similar to Plateau Mountain. The chapter is divided into four sections. 

Sections 3.2 to 3.4 provide information on the ecological characteristics of alpine and 

arctic tundra sites, similar to that found on Plateau Mountain (e.g. environment, 

permafrost, vegetation). This is intended to provide the necessary background information 

to understand the unique requirements for reclamation of alpine and arctic tundra 

disturbances that are subsequently discussed in section 3.5. Specifically, section 3.2 

discusses unique characteristics of the alpine/arctic tundra environment that influence 

vegetation and soil ecology. Section 3.3 introduces features of the permafrost environment 

and their relevance to human induced disturbance, vegetation and soil ecology. Section 

3.4. discusses characteristics of alpine/arctic tundra vegetation ecology. Section 3.5 

explores contemporary literature pertaining to natural and assisted revegetation patterns in 

disturbed alpine/arctic tundra sites as a means of tailoring reclamation plans for such sites. 

In addition, current alpine/arctic tundra reclamation technologies are introduced. 

3.2 THE ALPINE/ARCTIC TUNDRA ENVIRONMENT 

"Tundra environments are among the most rigorous in the world" (Brown et al, 1978). It 

is the hostile nature of the alpine/arctic tundra environment (Baig, 1972), particularly with 

respect to climate (Macyk et al, 1989), that effectively limits vegetation establishment, 

growth and survival. The characteristically low heat budget (extremely low winter and 

summer temperatures) results in a very short growing season with low growing season 

temperatures (Baig, 1972; Savile, 1972; Brown et al, 1978; Gadd, 1995; Walker, 1995; 

Chapin and Korner, 1995). 

Temperatures often fall below 0 ° C during the growing season (Baig, 1972; Brown et al, 

1978), thus damaging growing vegetative tissue which ultimately impedes photosynthetic 

activity- and phenological development (Brown et al, 1978). Summer, as well as winter, 

frost action lead to extensive congeliturbation processes. These processes hinder plant 
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establishment, growth and survival by lifting seeds from the seed bank, exposing roots to 

the extreme environment and removal of the insulative organic layer thus intensifying 

further congeliturbation (Brown et ai, 1978). Despite overall low heat budgets, alpine 

regions receive high intensities of solar radiation (Baig, 1972; Brown et ai, 1978). This 

may contribute to high plant and soil surface temperatures, which in turn promote 

increased summer drought and evaporation (Brown et al, 1978). 

Characteristically strong winds result in severe desiccation of exposed plant parts and soil 

layers during both winter and summer (Baig, 1972; Savile, 1972; Brown et al, 1978). In 

addition to the desiccation effects, wind exposed areas are generally kept snow-free during 

the winter and plants on these sites are subject to severe winter frost damage and abrasion 

by ice and soil particles (Savile, 1972; Brown et al, 1978). Wind also plays a role in 

erosion processes by removing fine soil particles from disturbed sites, thus reducing water 

and nutrient holding capabilities (Brown et al, 1978). Summer rainfall is generally low in 

alpine/arctic tundra regions (Baig, 1972; Savile, 1972), and precipitation occurs mainly as 

snow (Brown et al, 1978). Thus, strong winds can effectively eliminate overall site 

energy storage and soil moisture contributions by removing snow pack in wind exposed 

sites (Brown et al, 1978; Saunders and Bailey, 1996). With increasing elevation in alpine 

tundra environments, the vapor pressure of the air decreases, and the vapor content of the 

air is generally low compared to lower elevations (Baig, 1972). This plays a significant 

role in the desiccation stress of high elevation plants. 

The rate of soil development in tundra regions is limited by slow mechanical weathering of 

parent material (Baig, 1972; Brown et al, 1978). Cold temperatures and shortness of the 

frost free period, inhibit chemical reactions and biotic activity contributing to soil genesis 

and are generally responsible for the typically young, heterogeneous, weak soil profiles 

(Baig, 1972; Brown et al, 1978). Soils are generally coarse textured, possess little 

organic matter, low nutrient capacities and ultimately limited moisture storage capacity 

and the opportunity for severe drought conditions (Brown et al, 1978; Saunders and 

Bailey, 1996). 
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PERMAFROST IN ALPINE/ARCTIC TUNDRA ENVIRONMENTS 

Permafrost 

The term permafrost was first defined by Muller (1947 in Washburn, 1973, pp. 18): 

"Permanently frozen ground or permafrost is defined as a thickness of soil or 
other superficial deposit, or even of bedrock, at a variable depth beneath the 
surface of the earth in which a temperature below freezing has existed continually 
for a long time (from two to tens of thousands of years). Permanently frozen 
ground is defined exclusively on the basis of temperature, irrespective of texture, 
degree of induration, water content, or lithologic character." 

This definition of permafrost has been retained (Washburn, 1973; Harris, 1986), yet 

refined to include perennially frozen rather than permanently frozen ground in order to take 

into account climatic changes that can cause rapid thawing of permafrost (Washburn, 

1973). Permafrost is surfaced by a thin layer of ground, the active layer, which undergoes 

seasonal freezing and thawing patterns (Harris, 1986; Muller, 1947 in Washburn, 1973; 

Washburn, 1973). The thickness of the active layer ranges from a few mm in the polar 

regions to greater than 20 m at the outer boundary of alpine permafrost at lower latitudes 

(Harris, 1986; Harris and Brown, 1978). The permafrost table is the irregular surface 

representing the average upper limit of permafrost (Washburn, 1973). Short term 

fluctuations of the thermal regime (i.e. an unusually warm summer or cold winter) can 

cause temporary talic (an unfrozen layer within the permafrost) formation at the 

permafrost table position or pereltok (a frozen layer at the base of the active layer that 

remains unthawed for one or two summers) formation in the active layer. 

Permafrost is commonly subdivided into three zones: continuous, discontinuous and 

sporadic (Harris, 1979 and 1986; Harris and Brown, 1978; Kudryavtsev et al.., 1978). 

The difference between the three is based on aerial distribution of the permafrost, and is 

described as follows: in the continuous zone, permafrost occurs everywhere beneath the 

ground surface, whereas in the discontinuous and sporadic zones there are areas with no 

permafrost (Harris and Brown, 1978). The difference between discontinuous and sporadic 

is based on an estimate of the abundance of permafrost (Harris and Brown, 1982). The 

terms discontinuous and sporadic refer to areas with 30-80% and <30% of the surface 

underlain by permafrost respectively (Harris, 1986). 
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Permafrost occurs in primarily two situations, polar and alpine (Harris, 1986). In general, 

ground temperatures at the lower vertical limit of the continuous permafrost zone in the 

alpine (=-1.0 to -1.5 C) (Harris and Brown, 1978) are lower than the lower latitudinal 

limit in polar regions (-5 ° C) (Harris and Brown, 1978; Harris, 1986). This is thought to 

be in part a result of thin snow cover, and the consequential lack of insulation from winter 

temperatures, at these high elevation, wind exposed sites (Harris and Brown, 1978). 

Although the presence of permafrost in polar locations has been well documented (Harris 

and Brown, 1978), the mapping of alpine permafrost distribution along the Rocky 

Mountains was only initiated in 1967 by Brown (Harris and Brown, 1982). Prior to this 

time, there were only a few studies that report evidence of permafrost existence in the 

Canadian alpine (e.g. Mathews, 1955; Jennings, 1951 in Revel, 1980). However, since 

then there have been a series of publications pertaining to subpolar, mountain permafrost 

(e.g. Ogilvie and Baptie, 1967; Crampton, 1977 and 1978; Scotter, 1975; Harris and 

Brown, 1978 and 1982; Harris, 1979, 1981, 1994 and 1995; Seppala, 1980; Revel, 1980), 

mountain ice-cored rock glaciers (e.g. Jackson and MacDonald, 1980) and polar mountain 

permafrost (e.g. Kershaw and Gill, 1979). 

Although climate is the major determinant of permafrost (Ferrians and Hobson, 1973; 

Harris, 1981), a number of important factors influence this relationship. Nicholas and 

Hinkel (1996) note that independent of increasing air temperature, a number of factors can 

alter the ground thermal regime sufficient to degrade permafrost and induce thermokarst. 

Specifically, they refer to the depth of the active layer as a reflection of the dynamic 

equilibrium reached between hydrological and thermal properties of the soil and 

atmospheric conditions, whereas the thickness of permafrost is largely controlled by the 

balance between mean annual air temperature and the geothermal heat flux (Nicholas and 

Hinkel, 1996). The ground surface region acts as a buffer between the atmospheric 

elements and the underlying permafrost and active layer (Nicholas and Hinkel, 1996), and 

ultimately this region will affect changes within the permafrost and active layers regardless 

of climatic conditions. Used in this sense, the buffer is comprised of the thickness and 

duration of seasonal snow cover, the vegetation cover, and the presence of a surface 

organic layer composed primarily of peat and moss (Harris, 1981; Burn and Friele, 1989; 

Havhoe and Tarnocai, 1993; Mackay, 1995; Laberge and Payette, 1995; Nicholas and 
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Hinkel, 1996). The following section discusses the significance of the buffer features to 

permafrost and active layer changes following terrain disturbance. 

Factors Affecting Permafrost Degradation and Aggradation 

Snow cover, vegetation and the surface organic layer contribute to the buffer effect 

through specific, although related, ways. It is well recognized that thick winter snow cover 

acts as an insulating layer, preventing the cold from penetrating the ground while reducing 

winter heat loss (Washburn, 1973; Nicholson and Granberg, 1973; Harris and Brown, 

1978; Harris, 1981; Laberge and Payatte, 1995; Nicholas and Hinkel, 1996). The 

effectiveness of the insulation depends on the thickness of the snow layer and the snow 

thermal conductivity, the latter varying with density (Nicholson and Granberg, 1973). 

Harris and Brown (1978) found the critical lower thickness of snow cover to prevent 

freezing as 50 cm in a low latitude, alpine permafrost environment (southern Alberta), 

which is slightly lower than that found in polar regions (65-75 cm in Schefferville, Quebec; 

Nicholson and Granberg, 1973). In addition to snow cover, duration of snow cover and 

summer snowfall negatively affect ground thawing and heating patterns (Harris, 1986; 

Nicholas and Hinkel, 1996). 

Vegetation cover significantly modifies the micro-climate of a site by shielding the ground 

from insolation (Brown and Pewe, 1973; Harris, 1981), thereby reducing the depth of 

thaw of the active layer (Harris, 1986) and as such, reducing overall soil temperatures. 

Furthermore, vegetation cover, in particular mosses (e.g. Sphagnum) and sedges, appear to 

occupy keystone roles in peatland development in permafrost locations, primarily by 

influencing soil acidification, and thus podzolization and histol formation (Laberge and 

Payette, 1995; Klinger, 1996; Walker, 1996). In turn, formation of the organic peat layer 

is of critical importance in die maintenance and development of permafrost (Harris, 1986; 

Nicholas and Hinkel, 1996), particularly where the mean annual temperature is near 

freezing point (Nicholas and Hinkel, 1996) In the summer peat dries out, and once dry has 

a very low thermal conductivity (0.06 W m"1 K1; Nicholas and Hinkel, 1996) which 

reduces downward heat conduction and promotes summer surface heating. Conversely, 

autumn and winter snowfall moisten the peat surface which when wet or frozen produces a 

thermal conductivity value increased by as much as an order of magnitude (0.50 W m"1 K' 
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under wet conditions, higher under frozen conditions; Nicholas and Hinkel, 1996), thus 

enhancing downward cold conduction. 

It is well documented that disturbance of either or both of the vegetative and organic layers 

lead to permafrost degradation and subsequent increase in the active layer. Swanson 

(1996) found that removal of the vegetation, and some or all of the organic soil surface 

horizon in a polar permafrost region caused the active layer to increase from about 0.5 m 

to 1 to 2 m during the first 10 years following a fire. Similarly, in 1992 Nicholas and 

Hinkel (1996) encountered permafrost at depths of 0.4 to 0.5 m in undisturbed polar 

terrain but not at depths up to 1:2 m in adjacent disturbed terrain that had been cleared to 

the mineral soil layer in 1983 for an abandoned housing development. Conducting 

research on a pipeline right-of-way in the discontinuous permafrost zone, Hayhoe and 

Tarnocai (1993) reported an, "... increase in soil temperature and in the depth of thaw 

which resulted from disturbing the natural vegetative and the organic mat". 

However, even as removal of vegetation and the organic layer can induce permafrost 

degradation, revegetation and organic accumulation can influence permafrost aggradation 

(Nicholas and Hinkel, 1996). Laberge and Payette (1995) found that from 1983 to 1993, 

thermokarst ponds in a palsa peatland (discontinuous permafrost zone of northern Quebec) 

have been progressively invaded by sedges and Sphagnum. This situation is promoting 

successional peatland development and palsa formation, suggesting that permafrost 

aggradation is possible under present climatic conditions (Laberge and Payette, 1995). 

Mackay (1995) reports that at all sites where the active layer deepened following fire 

disturbance in forest-tundra (near Inuvik, N.W.T), the underlying ice-rich permafrost 

thawed to produce thaw settlement, subsequently creating moist conditions favoring 

vegetation growth. In turn, vegetation shielded the ground surface from insolation, active 

layer depths decreased and permafrost aggraded upward creating some ground uplift 

(Mackay, 1995). Viereck (1970) observed vegetation succession on a point bar from 

willow and balsam poplar to black spruce and bog and subsequent aggradation of 

permafrost 150 years following the migration of the Chena River (interior Alaska) in the 

discontinuous permafrost zone. Nicholas and Hinkel (1996) found permafrost aggradation 

accompanied by secondary heave in the form of ice lensing under spoil piles of organic 

debris adjacent to a cleared site simultaneously experiencing permafrost degradation. 
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Finally, a number of secondary factors are known to influence the relationship between 

climate and the permafrost and active layers. In addition to those already mentioned, 

Harris (1986) discusses the following, altitude and latitude, cold air drainage, topography, 

hydrology', the nature of soil and rock, fire, glaciers, time and man. A brief summary of 

each, as described by Harris (1986), is provided below. 

Both latitude and altitude influence permafrost conditions by an inverse relationship 

between freezing and thawing indices. As altitude and latitude increase, the thaw index 

(° C days/yr.) decreases with subsequent increase in the freezing index ( C days/yr.). In 

addition, the angle of incidence of the sun's rays is much lower in polar areas during 

summer months, and there is no sunshine during winter months, so that the potential 

radiation received on a horizontal surface is effectively lower. Cold air drainage in 

mountainous terrain allows for some extremely low winter temperature records. 

Topography, primarily slope and aspect, modify solar radiation on a micro-climatic level, 

which is particularly important in low latitude permafrost sites and helps account for 

differences in active layer depths observed across a permafrost site (Washburn, 1973). 

Moving water, is potentially an effective thawing and erosive agent, particularly in ice-rich 

ground (Mackay and Black, 1973). Soils and rock affect permafrost distribution through 

variations in albedo, moisture content, and thermal conductivity. The effects of fire on 

permafrost are similar to that discussed for vegetation and organic layer removal. 

Permafrost can exist under glaciers (higher thermal conductivity for ice than snow) if 

appropriate conditions exist (e.g. temperature). Long periods of time are required for 

permafrost sites to achieve equilibrium as the external environment changes. Finally, 

nearly all works of humankind in permafrost areas result in changes to the thermal regime 

and subsequent offset of the permafrost and active layer equilibrium. 

Implications of Permafrost for Vegetation and Soil Recovery 

Near surface permafrost exerts considerable influence on vegetation and soil ecology 

through a number of mediums, including: generally cold soil temperature (Brown and 

Pewe, 1973; Swanson, 1996), impermeability to moisture (Brown and Pewe, 1973; 

Everett, 1980), slow rate of nutrient cycling and plant productivity (Crawford, 1989; 

Swanson, 1996; Walker, 1996) and restricted root growth (Brown and Pewe, 1973; 
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Crawford, 1989). During the growing season, the near surface soil temperature regime is 

influenced by upward freezing from the permafrost table (Washburn, 1973), but also 

dependent on the thickness of the active layer, surface cover and climatic conditions of the 

season that may impede this activity. Cold temperatures impede chemical and biochemical 

processes necessary for weathering and release and/or synthesis of nutrients or other 

compounds in the soil (Everett, 1980). In addition, the permafrost table forms an 

impermeable layer that impedes downward drainage of water and air leading to a decline in 

aeration (Brown and Pewe, 1973), particularly in areas where the active layer is < 1 m, in 

areas of low relief, or in fine textured soils (Everett, 1980). In turn, cold soil temperatures 

and declines in soil aeration lead to slow rates of vegetative production and an 

impoverishment of nutritive substances due to weakening of the aerobic soil microbial 

activity (Brown and Pewe, 1973). Finally, areas of near surface permafrost effectively 

reduce the depth of the root zone. Roots are forced to grow laterally because downward 

penetration is prevented by the permafrost table (Brown and Pewe, 1973; Crawford, 

1989). 

3.4 VEGETATION ECOLOGY IN ALPINE/ARCTIC TUNDRA 
ENVIRONMENTS 

3.4.1 Alpine/Arctic Tundra Vegetation 

"The mosaic structure of plant communities in a given climatic region is determined by 

micro-climates, soil types, parent materials, topography, and biotic conditions, all of which 

are modified by time" (Bryant and Scheinberg, 1970). Many plant life forms, genera, and 

even species are shared by arctic and alpine localities in the northern hemisphere, and as 

such the two floras are often treated as a single entity (Murray, 1995). However, each of 

these major floristic elements has had different origins and histories (Murray, 1995) and in 

general, each is influenced by varying degrees of environmental conditions (Korner, 1995). 

Korner (1995) indicates that compared with arctic locations, alpine tundra sites exhibit 

longer growing seasons, higher radiation doses, higher maximum temperatures, larger 

diurnal temperature fluctuations, greater regional isolation of floras and in general no 

underlying permafrost. Despite these differences, several features are more or less 
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universal in all tundra plants (Molau, 1993), and these will be discussed in the following 

paragraphs. 

Structurally, tundra floras are comprised primarily of perennial cushion and rosette plants, 

forbs, graminoids and deciduous and evergreen shrubs (Billings, 1974; Korner, 1995; 

Chambers, 1995a). The short, harsh growing season limits plant production, and as a 

consequence, processes such as leaf and flower development are often prolonged over 

several years (Sonesson and Callaghan, 1991; Chambers, 1995a). This has had a strong 

evolutionary influence on the life history and physiological traits of species, and is 

reflected in the number of viable life histories found in such environments (Chambers, 

1993 and 1995a). In general, the characteristically severe environmental filters found in 

tundra sites are cause for a decline in species richness that correlates with increasing 

latitude and altitude (Chambers, 1993; Chapin and Korner, 1995). Nearly all species are 

slow growing, conservative, long-lived perennials (Bliss, 1980; Crawford, 1989; Molau, 

1993; Chambers, 1995a). Where the r/K-model for selection strategy is applied to tundra 

flowering plants, they will all be classified as K-strategists, with variability in reproductive 

traits (Bliss, 1980; Molau, 1993). 

Relative to temperate biomes, tundra species rely more heavily on reproductive strategies 

involving vegetative or clonal propagation, and seed production (seed rain) and seedling 

establishment are generally thought to be low (Sonesson and Callaghan, 1991). However, 

these generalities should not diminish the real importance of sexual reproduction within 

tundra environments (Ebersole, 1989; Chambers et al., 1990; Chambers, 1995a). In 

addition, they may be less appropriate for alpine tundra than arctic tundra, as alpine tundra 

often provides a slightly more favorable environment for plant growth and reproduction, 

and has larger numbers of species with more varied life histories (Chambers, 1995a; 

Korner, 1995). In fact, adverse environmental conditions causing spatial and temporal 

variability in seed production among years at the species and community levels probably 

has a greater influence on plant establishment processes in alpine tundra than low seed 

production (Chambers, 1995a). Furthermore, buried seeds (seed bank) also comprise an 

important source of vegetation recruitment in many tundra environments (Ebersole, 1989; 

Chambers, 1995a). 
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Succession and Disturbance in Alpine/Arctic Tundra Environments 

3.4.2.1 Definition of Succession 

Succession is defined as "the gradual change which occurs in vegetation of a given area of 

the earth's surface on which one population succeeds the other" (Tansley, 1920 in 

Mueller-Dombois and Ellenberg, 1974). Odum (1971) refines this concept by defining 

succession as: 

"...ecosystem development which (1) involves changes in species structure, (2) 
is reasonably directional and therefore predictable, (3) is community controlled 
(even though the physical environment determines the pattern, the rate of 
change, and often sets the limits as to how far development can go), and (4) 
culminates in a stabilized ecosystem." 

In general, two major kinds of vegetation change are distinguished in the concept of 

succession: primary and secondary (Mueller-Dombois and Ellenberg, 1974; Cargill and 

Chapin, 1987). Primary succession refers to the vegetation community formation process 

that begins on substrates that had never before supported vegetation (e.g. following severe 

disturbance), whereas secondary succession refers to the non-phenological vegetation 

changes occurring in already established ecosystems (e.g. less severe disturbances) 

(Mueller-Dombois and Ellenberg, 1974). As Odum's definition implies, succession 

ultimately ends in a 'stabilized ecosystem', otherwise referred to as a climax community 

(Mueller-Dombois and Ellenberg, 1974). 

3.4.2.2 Patterns of Disturbance 

"Disturbance plays an important role in structuring plant communities" (Chambers, 

1995a). In alpine/arctic tundra, substrate instability induced by anthropogenic and natural 

physical disturbances (e.g. industrial development, congeliturbation) as well as by 

environmental change (e.g. climate) lead to increased variability in vegetation communities 

and as such, a lack of permanence in the composition of vegetation in any particular 

habitat (Bryant and Scheinburg, 1970; Kmarkora and Weber, 1980; Svoboda and Henry, 

1987; Chambers, 1995a; Curtin, 1995; Harper and Kershaw, 1996). Even in the relatively 

more stable mountain grassland environment, Herben et al. (1995 and 1997) found that 

over an interval of several years, the whole spatial structure of the grassland is entirely 
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reshuffled. This nature of variability has led researchers to conclude that traditional 

concepts of temperate zone ecology, such as dominance, succession and climax 

communities, do not apply to alpine/arctic tundra environments (Bryant and Scheinburg, 

1970). Rather, die climax state of alpine/arctic tundra is comprised of a dynamic 

equilibrium of diverse vegetation communities (Mueller-Dombois and Ellenberg, 1974; 

Svoboda and Henry, 1987; Smyth, 1997) that exhibit species interactions and internal 

community structuring (Herben et ai, 1997) and site specific responses to small and large 

scale disturbances (Chambers et ai, 1990; Chambers, 1995a). While the climax 

community is recognizable by a relatively constant species composition and structure over 

several decades, one must acknowledge that the concept of a dynamic equilibrium refers to 

slow change over time (Mueller-Dombois and Ellenberg, 1974). 

In tundra environments, disturbances are numerous and varied and result from bodi natural 

and human causes (Chambers et ai, 1990; Chambers, 1995a). However, two basic 

disturbance types can be distinguished as follows: 1.) severe disturbances which remove 

surface soil horizons and are caused by geomorphological processes such as mass wasting 

and landslides or human activities including mineral extraction and road building, and; 2.) 

less severe disturbances which leave soil surface horizons in place and result from 

congeliturbation, small mammal burrowing and tunneling, and recreational activity 

(Chambers et ai, 1990; Chambers, 1995a). Severely disturbed soils are often poorly 

developed, have low nutrient capability, and are lacking a seed bank or propagule pool, 

and as such exhibit primary succession (Chambers, 1995a). Conversely, less severely 

disturbed soils are generally better developed (Chambers, 1995a) and on hydric and mesic 

sites are often high in organic matter and available nutrients (Chambers et ai, 1990). In 

addition, seed bank and vegetative propagule pools are often retained, (Archibald, 1984; 

Ebersole 1989; Chambers, 1993), and diis allows for establishment via secondary 

succession (Chambers, 1995a; Smyth, 1997). 
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RECLAMATION OF DISTURBANCE IN ALPINE/ARCTIC 
TUNDRA 

Defining Reclamation 

Reclamation, rehabilitation and restoration have been variably defined in the literature, 

with examples ranging across the spectrum from complete overlap to complete exclusivity. 

However, within the short time frame of most projects, reclamation and rehabilitation are 

most often described as the only reasonable approach to post-disturbance recovery, 

whereas restoration is cited as nearly impossible to achieve. For the purpose of 

comparison, definitions of these three terms as provided by one source (Brown et al., 

1986) are as follows: 

1. Reclamation: creating a site that will support organisms in 
approximately the same percentage and number after the reclamation 
process is completed as it did before disturbance; this does not imply 
that only organisms native to the site will be used. 

2. Restoration: implies that land will be returned to precisely the state it 
was before disturbance; it requires rebuilding the soil, precise 
placement of trees and rocks, and the use of only native plants and 
animals to repopulate the site. 

3. Rehabilitation: means that the site will be returned to a stable form 
and productivity level, according to a predetermined land-use plan, and 
that pre-disturbance land uses are not necessarily the post-disturbance 
land-use plan. 

However, although restoration in the sense of Brown et al.'s (1986) definition is obviously 

not feasible, neither reclamation nor rehabilitation fully satisfy the sensitivities of the 

Plateau Mountain study area. On sites like the Plateau Mountain Ecological Reserve, 

restitution of ecosystem function is imperative to ensuring perpetuation of the site's 

significant features. The Plateau Mountain Ecological Reserve serves as part of a system 

of "areas selected as representative or special natural landscapes and features of the 

province, which are protected as examples of functioning ecosystems, as gene pools for 

research, and for education and heritage appreciation purposes" (Alberta Environmental 

Protection, 1998). The Plateau Mountain Ecological Reserve Draft Management Plan 

(Alberta Environmental Protection, 1998) identifies the following goals as a means of 

providing broad direction for management of the reserve: 
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1. to provide a high degree of protection for its ecological diversity and 
unique natural features. This will be done whenever possible by 
hands-off, low-impact management strategies and techniques. More 
active approaches will be used when appropriate, and; 

2. to encourage greater understanding of alpine and sub-alpine 
ecosystems and natural processes within the reserve through research 
and scientific monitoring. To encourage research in the areas of 
disturbances and reclamation using appropriate techniques in an alpine 
setting. 

With this in mind, reclamation, as used in this study, is analogous with Bradshaw's (1995) 

objectives for the reclamation of derelict land. Although most definitions of reclamation 

focus on the technical aspects (ZiemkieAvicz, 1985; Brown et at, 1986; Hardy BBT 

Limited, 1990), Bradshaw's (1995) objectives also include application for the restorative 

aspects of site reclamation, and are as follows: 

1. Technical Objectives: 
• stabilization of land surfaces; 
• pollution control; 
• visual improvement; and, 
• general amenity. 

2. Restorative Objectives: 
• productivity; 
• diversity; 
• species composition; and, 
• ecosystem function. 

The technical aspects of reclamation are generally satisfied by traditional reclamation 

techniques such as site and surface preparation, and revegetation, and will be discussed in 

subsection 3.5.3. However, in order to satisfy the restorative aspects of reclamation for 

the Plateau Mountain study area, a comprehensive understanding of disturbance and 

natural revegetation by succession of alpine/arctic tundra environments is required. The 

following is a review of contemporary theories pertaining to this topic area, and it will be 

used to refine the more traditional, technical side of reclamation as a means to also achieve 

the restorative objectives of reclamation. 

Natural Revegetation Research in Alpine/Arctic Tundra Environments 

Documentation of natural revegetation patterns of disturbed sites is vital to understanding 

patterns of vegetation succession in ecological communities, and as such, to restoring 

productivity, diversity', species composition and overall ecosystem function via reclamation 

(Cargill and Chapin, 1987; Baig, 1992; Chambers, 1993; Densmore, 1994; Smyth, 1997). 

Recently, research initiatives devoted to disturbance and natural revegetation patterns in 
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alpine/arctic tundra environments have intensified. Although the majority of this research 

has been conducted in conjunction with mining and petroleum industry activities and 

natural disturbances in arctic tundra environments (Bishop and Chapin, 1989; Burn and 

Fnele, 1989; Walker, 1989; Densmore, 1992; Densmore, 1994; Houle and Babeux, 1994; 

Harper and Kershaw, 1996; Klinger, 1996), alpine areas are also receiving more attention. 

However, revegetation studies in alpine environments have focused primarily on mining, 

recreation and grazing activities and natural disturbances (Revel and Maze, 1971; Brown 

and Johnston, 1976 and 1980; Roach and Marchand, 1984; Chambers et al, 1987a and 

1987b; van Barneveld et al, 1987; Blundon and Dale, 1990; Baig, 1992; Chambers, 

1993; Rikhari et al, 1993; Curtin, 1995; Smyth, 1997), with little or no attention to 

petroleum industry disturbances. The following is a synopsis of contemporary literature 

pertaining to disturbance and natural revegetation patterns in alpine/arctic tundra 

environments. 

3.5.2.1 Vegetation Succession in Alpine/Arctic Tundra Environments 

Successional processes in alpine environments differ from those in more temperate 

locations (Chambers et al, 1987a). "In marginal habitats, the progress of succession can 

be defined as a function of the biological driving forces which are intrinsic to the invading 

and establishing species, and the environmental resistances which represent a sum of the 

adverse factors hindering the success of species establishment" (Svoboda and Henry, 

1987). Thus, in the process of natural revegetation, species establishment and survival 

become more important with increasing latitude and altitude and the corresponding harsher 

environmental conditions that limit these processes (Svoboda and Henry, 1987; Baig, 

1992; Harper and Kershaw, 1996). Following disturbance, plant establishment depends on 

a relatively small pool of adapted species, their availability as a source crop (e.g. seed 

bank, seed rain, vegetative reproduction, non-natural seeding programs) and the conditions 

of the disturbed site (Fryer, 1990; Chambers, 1993). It is generally accepted that in 

marginal environments, adaptations of native plant species to the adverse growing 

conditions offer many advantages for revegetation efforts (Brown and Johnston, 1976; 

Brown et al, 1978; Baig, 1992; Densmore, 1992; Smyth, 1997), and that seeded, non-

native species are often eliminated from disturbed sites prior to replacement by native 
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species (Bishop and Chapin, 1989). The results of Bliss's (1980, pp.74) alpine/arctic 

plant physiology research also support this conclusion: 

"... human induced plant succession to native species is highly desirable, for in 
arctic and alpine tundras the native species are physiologically preadapted to 
long term survival. This is seldom true for the long term success of non-native 
species introduced into harsh environ Tients." 

This has led to the hypothesis that increasingly adverse conditions will reduce the number 

of competing species and reduce, or in the very least, change the nature of competitive 

interactions otherwise exhibited in more temperate locations during disturbed site 

colonization (Svoboda and Henry, 1987). In exploring competitive interactions within 

alpine plant communities based on nutrient acquisition, Theodose et al. (1996) concluded 

that, "...high resource uptake rates do not translate into high competitive ability in a 

stressful environment". Rather, high nitrogen uptake rates may be a mechanism by which 

rare species are able to coexist with dominant species (Theodose et al, 1996). Studying 

life history strategies in tundra plants, Molau (1993) found that selective pressures other 

than, or additional to, those operating in temperate biota seem to be important for survival 

in tundra environments. Stress tolerance rather than competitive ability becomes a prime 

survival prerequisite, and this allows closely related species to coexist in the same habitat, 

seemingly in defiance of competitive exclusion principles that apply to temperate 

environments (Svoboda and Henry, 1987). 

"Invasion and maintenance are the essential components of the process of succession in 

any environment" (Svoboda and Henry, 1987). The fate of invading diaspores on 

disturbed sites is influenced by a number of interactions between the diaspore, its dispersal 

mechanisms and site characteristics. Wind and animal vectors exhibit variable influence 

on diaspore dispersal and establishment. Characteristically strong tundra winds tend to 

promote long range dispersal as well as limit entrapment in favorable microsites 

(Chambers et al, 1990 and 1991; Chambers, 1993, 1995a and 1995b), while animals are 

both effective dispersal vectors and diaspore consumers (Roach and Marchand, 1984; 

Smyth, 1997). Interactions between diaspore morphology and physiology (e.g. size, 

appendages or dispersal structures, nutrient reserves, germination requirements, 

reproductive mechanisms) and soil physical and chemical properties (e.g. roughness, 

particle size, presence of organic or vegetative mat, moisture capacity, nutrient reserves, 
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temperature) limit diaspore entrapment, establishment and maintenance (Roach and 

Marchand, 1984; Svoboda and Henry, 1987; Baig, 1992; Chambers, 1995a and 1995b). 

On severely disturbed sites, primary succession is limited as it depends solely on dispersal 

and establishment of diaspores (seed rain, vegetative propagule dispersal), whereas on less 

severely disturbed sites, secondary succession relies also on an existing seed bank and 

propagule pool (Cargill and Chapin, 1987; Ebersole, 1989; Chambers et ai, 1990; Harper 

and Kershaw, 1996; Smyth, 1997). Chambers (1993) found that although long-lived 

clonal species dominate above ground vegetation in late serai communities, medium-lived 

forbs and grasses were most abundant in seed rain and short-lived species dominate the 

seed bank. Initial colonization of disturbed tundra sites relies primarily on medium and 

short-lived species that exhibit high reproductive rates, effective dispersal mechanisms and 

relative longevity in the seed bank (Chambers, 1993 and 1995a). Once established, the 

early serai communities exhibit higher seed rain and comparable seed bank densities 

relative to adjacent late serai, undisturbed tundra turf (Chambers, 1995a). As in more 

temperate areas, relationships among the above ground vegetation, seed rain and seed bank 

depend on the time since disturbance and the disturbance characteristics (Chambers, 

1993). However, unlike temperate locations, colonizing species frequently persist into late 

serai communities (Chambers et al., 1987a; Rikhari et ai, 1993), and the majority of seed 

bank taxa are also represented in late serai community species composition (Ebersole, 

1989). In addition, rather than increasing competitive interactions as in temperate 

disturbances, a number of early colonizing species will ameliorate the disturbed site 

characteristics. This can enhance subsequent vegetation establishment by providing 

favorable microsites for seed entrapment, moisture retention, shelter, surface stability, and 

even nutrient uptake in the case of nitrogen fixing plants (Bishop and Chapin, 1987; Baig, 

1992; Smyth, 1997). 

3.5.2.2 Soil Succession in Alpine/Arctic Tundra Environments 

In addition to vegetation succession patterns on disturbed alpine/arctic tundra sites, 

directional changes in the underlying soil are noted, and the patterns of change often 

depend on characteristics of the disturbance (Bryant, 1972; Walker, 1989; Blundon and 

Dale, 1990). Most elements essential for plant growtio are obtained from the soil, and it is 
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primarily the organic component of the soil that allows for the utility of these essential 

elements (Bradshaw and Chadwick, 1980; Tate, 1985). Soil structure, moisture holding 

capacity and nutrient presence and availability are all enhanced by the organic matter 

component (Densmore, 1994), and ultimately lead to more effective diaspore entrapment, 

establishment and maintenance (Chambers. 1993). Although alpine/arctic tundra soils are 

typically nutrient limited (Chambers et al, 1987b; Theodose et al, 1996), soil nitrogen 

levels, as are other element levels, are extremely low in early primary succession (Walker, 

1989; Blundon and Dale, 1990). In this respect, soil development is closely coupled with 

vegetation establishment in fresh soil substrata, as present on severely disturbed sites 

(Bryant and Scheinberg, 1970; Burn and Friele, 1989; Walker, 1989; Baig, 1992; Klinger, 

1996). Baig (1992) found that colonized coal mine spoils in the Rocky Mountains of 

Alberta had significantly higher moisture retention, a greater range of water availability, 

higher levels of nitrogen, phosphorous, potassium and sulfur and higher total concentration 

of nitrogen and phosphorous than bare spoils. Blundon and Dale (1990) report a three 

stage process of soil nitrogen build-up during primary vegetation succession: 1). a phase 

of slow nitrogen accumulation during the first 50 years of vegetation colonization, 2). 

rapid accumulation phase from 50 to 100 year, and 3). a plateau phase of slow decline 

from 100 to 200 years. Vegetation enhances soil nitrogen availability through the nitrogen 

fixation abilities of certain species, as well as through contribution to litter deposits and 

subsequent soil incorporation and decomposition by microbial activity (Tate, 1985; van 

Bameveld^a/., 1987). 

3.5.2.3 Successional Time Frame 

Natural revegetation of disturbed alpine/arctic tundra sites may be a very slow process 

(Roach and Marchand, 1984; Houle and Babeux, 1994). Some researchers even question 

whether or not these landscapes can ever recover from human disturbance (Brown et al., 

1978; Curtin, 1995). Recovery is often defined in terms of a community returning to the 

original condition. However, this expectation of a 'static precondition' is not realistic 

(Curtin, 1995). Climatic patterns and other environmental conditions are continuously 

shifting, and may no longer be commensurate with pre-disturbance characteristics (Brown 

et al, 1978; Curtin, 1995). As such, tundra vegetation may be in equilibrium with the 

past not present climate (Harper and Kershaw, 1996). 
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With increasing interest in global warming issues, effects of elevated atmospheric C02 and 

temperature change on vegetation communities at all biome levels are being debated. 

Much of the debate centers around theoretical arguments and quantitative laboratory 

experiments, with little or no data from field situations (Guisan et ai, 1995; Wilsey, 

1996). However, potential sensitivities of mountain environments to climate change 

generally focus on: changing snow-cover and glacier surface area and their affects on 

surface albedo (e.g. surface radiation and temperatures levels); a potential decrease in the 

limiting effects of C02 levels and climate on biological processes generally observed at 

high elevations, and subsequent alterations in species interactions, and; the resulting chain 

reaction from changes in mountain landscapes to lower elevation areas that depend on them 

(Guisan et ai, 1995). With respect to alpine/arctic tundra disturbance and natural 

recovery, climatic changes could influence selective pressures placed on colonizing species 

and subsequent succession pathways. 

3.5.2.4 Field Results of Natural Revegetation and Succession in Alpine/Arctic Tundra 

Despite relatively severe limitations challenging natural revegetation of alpine/arctic tundra 

disturbances, a number of field studies do report variable levels of success in natural 

recover}' of disturbed sites. 

3.5.2.4.1 Alpine Tundra 

Rikhari et al. (1993) describe rapid secondary succession recovery of 0.5 to 1.0 ha bare 

spots created by night camping of animal herds in an alpine meadow of central Himalaya, 

India (30° 10'N and 79°39'E, elevation 3100 to 3750 m). They found that tall forbs 

attained peak coverage in early successional stages (50% cover at two years), then declined 

with age (2-3% cover at 28-31 years). Short forbs increased and then stabilized at roughly 

year nine (13% cover). Cushion and sprawling forbs rose sharply from year two to 17, 

then stabilized (32% cover). Combined cover of grasses and sedges varied little for the 

first 20 years (10-14%), with grasses declining and sedges increasing thereafter. 

While studying the effects of disturbance type on vegetation dynamics on Beartooth 

Plateau in south-central Montana (45 ° 00'N and 109 ° 30'W, elevation 3200 m), Chambers 

(1993) recorded 87% vegetation cover on a late serai community disturbed by pocket 

gophers and 25% cover on an early serai borrow pit that had been severely disturbed 37 
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years previous. Medium-lived species with high seed production, primarily grasses, were 

the dominant colonizers of the borrow pit. Although long-lived forbs, with low seed 

production, dominated the late serai community, the same medium-lived species that 

colonized the borrow pit were also colonizing the gopher disturbances. Baig (1992) 

reported that natural revegetation of unamended coal spoils in the Rocky Mountains of 

Alberta is sparse and patchy with low plant cover, and that this might be attributed to poor 

moisture and nutrient availability. He found that colonization by certain species is 

effective because of their low growth-form, efficient vegetative reproduction mechanism, 

low nutrient requirements, and/or N-fixing ability. In addition, increasing species richness 

was strongly correlated with increasing spoil age. Curtin (1995) found that after 100 

years, subalpine plant communities disturbed by mining associated activities in 

southwestern Colorado, U.S.A. (e.g. building sites, compacted areas, disturbed soils; 

elevation 3000 to 3200 m), remained distinct from similar surrounding undisturbed sites in 

terms of species composition, diversity, vegetation density, ground cover and biomass. Of 

25 sample locations of varying age, topography, disturbance, aspect, elevation and current 

use, only six contained an ISS (S0rensen's Index of Similarity) value of > 50 when 

compared with adjoining undisturbed communities. These discoveries led Curtin (1995) to 

conclude that: "While species have adapted to consistent patterns of disturbance from 

stochastic events, human activities can have substantial additional impacts beyond the 

historical background rates of disturbance." 

3.5.2.4.2 Arctic Tundra 

Densmore (1994) reported that following five growing seasons on regraded mine spoil, 

located at treeline in Alaska, U.S.A. (63°32'N and 150°42'W), three successional 

patterns were evident and that they are closely associated with initial substrate 

characteristics. Rapid riparian succession was observed on regraded spoil with added 

topsoil. Slow riparian succession was recorded on regraded mine spoil with limited topsoil 

incorporation, and it exhibited similar species composition to rapid riparian succession but 

slower plant growth and less cover. Slow nonriparian succession with limited species 

composition was observed on processed spoil. Harper and Kershaw (1996) found major 

differences in revegetation on borrow pits (primary succession) and vehicle tracks 

(secondary succession) 48 years following abandonment, in shrub tundra in the North 

West Territories (63° 17'N and 130° 49'W). Borrow pit recovery has been very slow, 
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with a rock and bare ground cover of 75%, very few shrubs (< 10%) and a sparse cover of 

bryophytes and Stereocaulon sp.. In contrast, vegetation communities on vehicle tracks 

are similar to undisturbed sites with a slightly lower representation of woody plants and 

higher species richness. They conclude that one of the most notable differences between 

the borrow pits and vehicle tracks is the complete absence of organic and other surface soil 

layers in the borrow pits. 

On the Alaskan arctic coast, Bishop and Chapin (1989) found that the total cover of native 

vascular plants on constructed gravel pads eight years after abandonment was 2.7% and 

species richness, representing the number of different species colonizing each pad, was 4.6. 

Five of the nine most important colonizing species were legumes, and distance from 

disturbed site to seed source accounted for 25% of the variance in native species cover and 

35% of the variance in species richness. They concluded that the low cover and species 

richness were a result of dispersal limitations and moisture nutrient deficiencies otherwise 

required for seed germination and growth. 

3.5.2.5 Results of Assisted Revegetation and Succession in Alpine/Arctic Tundra 

Interest in the natural recovery of vegetation communities following disturbance in 

alpine/arctic tundra has instigated a number of field trials to explore assisted revegetation 

patterns. 

3.5.2.5.1 Alpine Tundra 

During a study of revegetation techniques on rough-graded mine spoil on Beartooth 

Plateau, Brown and Johnston (1978) reported that after one growing season, seeded plant 

densities were highest on topsoil and fertilizer treated plots. Furthermore, native seed 

mixtures produced higher plant densities than did introduced seed mixtures on both treated 

and untreated spoil. In addition, all native plant transplants survived after one year. 

However, they also note that plant development after one growing season will be minimal 

at best because of the severe nature of both the climatic and soil environments. On the 

same study site, Brown and Johnston (1980) report that after five years of comparison with 

fertilized introduced seed plots, the fertilized native seed plots demonstrate substantially 

higher plant cover (40% vs. 5%), shoot production (125 g/m2 vs. 25 g/m2) and root 

biomass (450 g/m2/10 cm depth vs. 100 g/m2/10 cm depth) but slightly lower species 
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richness per m' (eight vs. nine). Using soil from borrow pits on the Beartooth Plateau 

study site, Chambers et al. (1987b) conducted a factorial green house experiment to 

examine the response of an early serai dominant alpine grass (Deschampsia caespitosa) 

and a late serai dominant alpine forb (Geum rossii) to N and P availability. They found 

significant differences between the two species in their response levels to nutrient addition 

that were consistent with changes in nutrient levels during succession. The late serai forb, 

G. rossii, exhibited higher and more static root:shoot ratios and lower relative growtii 

rates, thus responding like a species from a low nutrient environment as expected in a late 

serai alpine community. The early serai grass, D. caespitosa, exhibited higher relative 

growth rates in response to all levels of N and P, and this is likely explained by a more 

efficient use of nutrients as expected from early serai species. They conclude that the use 

of late serai species in reclamation seed mixes can ensure long-term productivity of non-

intensively managed reclaimed areas and can also increase the rate of succession. 

Subsequent field trials with N and P applications to borrow pit soil on Beartooth Plateau 

revealed temporary increases in soil nutrient levels of N and P, but significant decreases in 

N composition following two years (Chambers et al., 1990) In addition, they found that 

the nutrient pulse from fertilizing increased mortality of several species, presumably by 

creating plant nutrient demands in excess of availability during year two. Mulch had no 

effect on soil water potential or nutrients on borrow area soils, and the characteristically 

strong alpine winds removed or redistributed the mulch over time. However, mulch did 

increase plant survival, likely through micro-environmental amelioration. 

Examining early succession patterns with a native seed mix on amended and unamended 

coal mine spoil in the Rocky Mountains of southeastern British Columbia (49°55'30"N 

and 114°45'05"W, elevation 1930 m), Smyth (1997) concluded that through careful site 

preparation and species selection, "the re-establishment of a dynamic and diverse native 

vegetation is possible on coal mine disturbance at high elevations". Smyth reported that in 

the fifth year, the mean maximum total vegetative cover for each treatment was: spoil, not 

seeded-8%; spoil, seeded-65%; native soil, not seeded-25%, and; native soil, seeded-82%. 

He found that although early serai grasses dominate initial vegetation cover, their 

percentage declined with time relative to forbs. Facilitative successional patterns were 

observed in all treatments, random colonization was evident in non-seeded plots and early 

successional species tolerance of late succesional species was noted in seeded plots. 
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3.5.2.5.2 Arctic Tundra 

Densmore (1992) reported the negative effects of seeded introduced grass species on native 

plant establishment on a cleared and graded alluvial fan in the central Brooks Range in 

Alaska, U.S.A. (68°11'N and 149°24'W, elevation 1030 m). Comparison between 

seeded and non-seeded study plots, both scarified and partially fertilized, revealed that the 

introduced grass treatment inhibited or delayed establishment and growth of native plants 

and as such altered the natural pattern of succession. These effects were primarily 

attributed to the very dense shallow root system of the seeded grass. Furthermore, the 

plant community present on the non-seeded study plots 11 years after disturbance was 

similar, in terms of species composition, vascular plant cover and growth rate, to 

successional communities in the same age range on naturally disturbed alluvial fans. 

Houle and Babeux (1994) examined the influence of fertilizing and mulching on the 

performance of native woody species in subarctic Quebec, at the mouth of the Great Whale 

river on the east coast of the Hudson Bay. They concluded that plant diameter and height 

growth was increased by application of a slow release fertilizer, and decreased by the 

application of a fast release fertilizer. They postulate that nutrients from the fast release 

fertilizer were likely leached away before plants were able to absorb them. However, they 

also note that only moderate amounts of slow release fertilizer should be applied in order to 

minimize the risk of delayed frost hardening and subsequent winter kill of vegetation. In 

addition, they found that although both plastic and organic mulch exhibited no positive 

effects on plant growth, organic mulch may have increased plant survival. 

Reclamation Technologies for Alpine/Arctic Tundra Environments 

According to the Alberta Land Conservation and Reclamation Council (Hardy BBT 

Limited, 1990), the main constituents of a reclamation plan are: 

1. determination of reclamation goals; 
2. description of existing site conditions; 
3. site preparation (establishment of land form); 
4. surface preparation (soil reconstruction); 
5. revegetation; and, 
6. maintenance. 
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Descriptions of each of the six constituents, and their relevance to the fulfillment of the 

eight objectives chosen for defining reclamation will be discussed in following. The scope 

of the reclamation discussion will be limited to those practices relevant to the Plateau 

Mountain study area, particularly with respect to the macro and micro-topography, climate 

and vegetation characteristics of the site (Chapter 2) and the limitations established by its 

ecological reserve designation (Chapter 1). This discussion is intended to introduce 

reclamation technologies applicable to alpine/arctic tundra environments, not provide 

detailed descriptions of each. 

3.5.3.1 Reclamation Goals 

Prior to site reclamation, goals should be established that reflect the nature of the 

disturbance, the needs of the surrounding area and the plans for the post-disturbance land 

use (Bradshaw and Chadwick, 1980; Hardy BBT Limited, 1990). The following is a list 

of issues identified by the Alberta Land Conservation and Reclamation Council (Hardy 

BBT Limited, 1990) that should be addressed when selecting reclamation goals: 

1. Erosion control and slope stability - to reduce erosion while still 
providing for the movement of water off-site; 

2. Aesthetics - to reduce the visual impact of a disturbance both on and 
off-site; 

3. Wildlife habitat - recognize the importance of alpine areas as ungulate 
winter range; 

4. Recreation - to enhance the recreation potential of the area while 
minimizing the associated environmental effects, and; 

5. Restoration - to provide for the long range capacity of the site to 
establish plant cover similar to surrounding undisturbed plant 
communities. 

The individuality of reclamation projects precludes all five goals from being equally 

applicable. However, all should be reviewed and addressed as appropriate. Reclamation 

goals are fulfilled through completion of the remaining reclamation plan constituents. 

3.5.3.2 Existing Site Conditions 

''Predisturbance information on abundance, distribution and diversity of wildlife, special 

wildlife uses of an area, abundance and distribution of vegetation, interspersion of habitat 

types, water availability and topography can provide a framework for development plans" 
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(Green and Yonge, 1984). It is especially valuable to determine undisturbed conditions in 

alpine environments as they represent the ecological limits of many species and spatial 

environmental gradients (e.g. topography) have a large influence on plant distribution 

(Hardy BBT Limited, 1990). Although the pre-disturbance approach is ideal, it is often 

neglected in industrial activity planning, particularly for activities that commenced several 

years previous. Under conditions such as these, studies of the adjacent undisturbed terrain 

can provide valuable information as to the nature of the site prior to disturbance. Pre-

disturbance site characteristics can be used to devise site and surface preparation plans, 

amendment applications and revegetation strategies. 

3.5.3.3 Site Preparation 

Site preparation involves contouring the disturbed area in a manner that promotes surface 

stabilization, erosion control and drainage while also advancing the state of the reclamation 

goals and pre-disturbance site characteristics (Hardy BBT Limited, 1990). Brown and 

Johnston (1978) found shaping and contouring to be important stages in reclamation on a 

large scale rehabilitation trial in the subalpine-alpine transition zone on Beartooth Plateau. 

In general, disturbed areas should be reshaped to conform as nearly as possible to the 

original land contour, and ridges and deep depressions removed (Brown et ai, 1978; 

Brown and Johnston, 1978; Hardy BBT, 1990). In alpine areas, ridges tend to scour in 

winter and desiccate rapidly in summer and depressions facilitate deep snow accumulation 

that persists into the already limited growing season (Brown and Johnston, 1978). As with 

natural slopes, contoured slopes should be re-shaped to a slightly concave profile that 

becomes progressively flatter towards the bottom (Hardy BBT Limited, 1990). Mimicking 

natural slope profiles not only increases the aesthetic appeal of the final topography, it also 

reduces the risk of run-off erosion, wind scour, excessive snow accumulation and ponding 

(Brown et ai, 1978). Generally, slope angles should not be greater than 3:1 (Brown et al, 

1986). However, even at or below 3:1, long unbroken slopes allow surface run-off to 

accelerate and produce rill and gully erosion. 

Where run-off erosion can not be effectively avoided with contouring alone, drainage 

control techniques should be considered for installation at key locations. The following is 

a list of drainage control techniques applicable to the Plateau Mountain study area: 
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1. Diversions (Brown et al, 1986; Hardy BBT Limited, 1990): 
• small, temporary or permanent structures used to intercept and 

convey sheet flow from and to critically disturbed areas to stable 
outlet points; 

• structures used for this include: berms or dikes, ditches or swales, 
and a combination of the two. 

2. Waterbars or contour trenches (Hardy BBT Limited, 1990): 
• erosion control waterways which direct water across slopes to stop 

run-off from gaining the speed and volume necessary to produce 
serious soil erosion. 

3. Bioengineering technology (Polster, 1997): 
• the use of living plant materials to perform some engineering 

function whether it be simple erosion control with seeding or more 
complex slope stabilization with willows and other plants; 

• bioengineering uses the same pioneering species that are found 
naturally on disturbed sites, and as such enhances natural 
successional processes. 

4. Waterspreading (Brownera/., 1986): 
• diverting of run-off from natural channels or gullies by means of a 

system of dams, dikes, ditches or culverts and spreading it over 
relatively flat areas; 

• well vegetated areas can be used as water receiving zones. 

5. Outlet protection (Brown et al., 1986): 
• energy dissipation devices and erosion resistant channel sections 

between drainage outlets and stable existing downstream channels; 
• channels may be rock lined, vegetated, paved with concrete or 

otherwise made erosion resistant 

6. Mulches (Hardy BBT Limited, 1990): 
• organic mulches (straw, hay and wood cellulose fibers, chips and 

bark), fabric or mats, soil and rock can protect the soil from erosion 
by shielding it from raindrop impact, retarding water flow, trapping 
silt on site, increasing water penetration, and if properly anchored, 
reduce wind velocity. 

7. Revegetation (Brown et ai, 1978; Brown et ai, 1986; Hardy BBT 
Limited, 1990): 
• revegetation will be discussed in subsection 3.5.3.5. 

Explanation of the site contouring and drainage control techniques chosen from this 

discussion as appropriate for the Plateau Mountain summit disturbances is provided in 

section 8.1, issues and recommendations for reclamation. 
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3.5.3.4 Surface Preparation 

"Surface preparation involves measures to provide the best seedbed possible for 

revegetation" (Hardy BBT Limited, 1990). As soil is the most important part of the land 

resource for vegetation (Bradshaw and Chadwick, 1980), surface preparation should focus 

on the establishment of favorable microsites that allow for entrapment, germination and 

growth of colonizing species. Fundamental to the identification of favorable microsites is 

the relationship between seed movement on ground and the physical properties of ground 

(Fryer, 1990). Chambers (1995a) found that on the exposed soils of Beartooth Plateau, 

relationships between soil surface characteristics and seed morphological attributes often 

determine the microsites of seed entrapment and retention in the zone of potential 

emergence, and influence patterns of seedling establishment. Fryer (1990) found that 

rougher substrates retain seeds longer and the velocity required to move seeds is higher. 

However, Chambers (1995a) concluded that surface roughness characteristics that 

promote seed entrapment, such as larger particle sizes, permit seedling establishment only 

if small particle sizes exist in high enough percentages to provide the proper environmental 

conditions. These environmental conditions include the physical and chemical properties 

of the soil that determine temperature and nutrient regimes, and ultimately have the 

greatest influence on seedling establishment (Chambers et al, 1990; Chambers, 1995a). 

The following is a list of surface preparation techniques applicable to the Plateau 

Mountain study area: 

1. Ripping (Hardy BBT Limited, 1990): 
• grading to create a smooth surface is not recommended in alpine 

areas; 
• a rough ripped surface helps eliminate soil compaction, allows for 

better moisture infiltration, provides sheltered microsites for seed 
entrapment, and minimizes instability on slopes; 

• these features are particularly important in alpine environments 
where winds are strong and soils are generally nutrient and moisture 
deficient. 

2. Seedbed preparation (Hardy BBT Limited, 1990): 
• the soil surface should be loosened by ripping, rototilling, harrowing 

or raking to facilitate intimate contact between the seed and soil, 
and to improve the aeration and hydraulic conductivity; 

• ideally, the soil is tilled 15 to 20 cm (or to a lesser depth in shallow 
soil areas) and the top 10 cm pulverized into small aggregates. 

3. Microsite manipulation (Hardy BBT Limited, 1990): 
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• in exposed, windy places such as alpine environments, the effects of 
the microenvironment are pronounced; 

• boulders, rock outcrops, patches of krummholz and small 
depressions can enhance the microtopography of a site, and increase 
the establishment and survival of certain plants; 

• microsite manipulation can increase biodiversity by providing 
multiple habitat types for variably adapted species. 

4. Nutrient addition (Brown era/., 1978; Hardy BBT Limited, 1990): 
• nutrient addition is recommended for reclamation, however, 

traditional temperate location techniques have shown variable 
success on alpine reclamation efforts (subsection 5.5.2.3); 

• possible nutrient additions include topsoil, fertilizer and organic 
mulch. 

Explanation of the surface preparation techniques chosen from this discussion as 

appropriate for the Plateau Mountain summit disturbances is provided in section 8.1, 

issues and recommendations for reclamation. 

3.5.3.5 Revegetation 

"In sites disturbed by man, unnatural revegetation, i.e., the introduction of non-
native species, usually requires significant alteration of edaphic factors, such as 
texture, organic matter content and soil nutrients to permit its establishment. And 
continued application of amendments to maintain it. Ultimately, it will be a return 
to natural soil moisture conditions that will permit a re-establishment of natural 
species." 

(Everett, 1980, pp. 35) 

The value of native vegetation in maintaining ecosystem function is apparent in most 

reclamation projects. However, its necessity in establishing a sustainable vegetation cover 

in alpine/arctic tundra regions has often been expressed in literature (Subsection 5.5.2: 

Brown and Johnston, 1976; Brown et al, 1978; Bishop and Chapin, 1989; Baig, 1992; 

Densmore, 1992; Smyth, 1997). For this reason, the review of revegetation possibilities 

for the Plateau Mountain study site was limited to native vegetation only. Furthermore, 

restrictions outlined in the WAERNA Act that were designed to protect ecological reserves 

(Alberta Environmental Protection, 1998), limit native seed/propagule sources to that 

obtained from the Plateau Mountain summit. The following is a list of options for 

revegetation: 
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1. Native seed collection and seeding (Lippitt et ah, 1994): 
• mature seed should be collected directly from the plants within 

healthy, local stands with a sufficiently broad genetic base (intra 
and interspecific genetic variation); 

• collections can be made by hand or by use of browse seed 
harvesters using vacuum suction (e.g. portable gas powered 
vacuums or gas powered Seed Strippers™: Bittman, 1997); 

• seeds may require species specific processing, storage and seeding 
conditions. 

2. Sprigging, plugging and tubeling (Brown et ai, 1986): 
• sprigging involves planting of rhizomes (underground stem) or 

stolons (above ground stem) to establish a vegetative cover; 
• tubelings are plants nursery grown in long, slender paper tubes 

reinforced by plastic mesh sleeves; 
• plugging involves placement of small sod plugs into precut holes. 

3. Variation of the native species island model (Bittman, 1997): 
• based on plant succession and wildlife patch theories; 
• islands of native vegetation are strategically established in disturbed 

sites by relatively intensive site and surface preparation, seeding and 
transplanting; 

• the islands will allow for the dissemination of native species seed to 
the non-seeded areas; 

• over time, natural succession and species invasion into surrounding 
bare areas will facilitate establishment of a self-sustaining 
vegetation cover. 

4. Natural revegetation: 
• revegetation focused entirely on site and surface preparation, and 

relying on natural colonization and establishment of vegetation from 
adjacent undisturbed areas. 

Explanation of the revegetation techniques chosen from this discussion as appropriate for 

the Plateau Mountain summit disturbances is provided in section 8.1, issues and 

recommendations for reclamation. 

3.5.3.6 Maintenance 

After an alpine disturbance has been reclaimed, the site may need ongoing maintenance to 

ensure success (Hardy BBT Limited, 1990). Depending on the reclamation approach, 

maintenance may include enhanced erosion control, refertilization, reseeding, monitoring 

and restricted use of reclaimed areas. 
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CHAPTER 4: METHODOLOGY 

4.1 INTRODUCTION 

The following chapter details the methodology used to achieve the objectives for this study. 

Specifically, the literature review was used to develop an understanding of: alpine/arctic 

tundra environments and disturbance and recovery regimes; vegetation sampling 

methodology; ecological reserve program objectives; and, reclamation technologies 

(section 4.2). This information assisted in the standardized documentation of natural 

revegetation patterns, assessment of the state of recovery of disturbances in the study area, 

and identifying relevant reclamation and management recommendations. Disturbances 

within the study area were documented, and from this, study sample sites were selected 

(section 4.3). A transect based, point frame sample plot vegetation inventory was used to 

document the natural revegetation of the sample sites, in conjunction with the 

documentation of adjacent undisturbed vegetation communities (section 4.4). Data 

analyses included: frequency (Krebs, 1989; Zar, 1984) and frequency class data (Randall, 

1978) to determine the relative abundance and distribution of plant species and other 

terrain features on disturbed and adjacent undisturbed sites; species richness (Krebs, 1989) 

to determine the number of different species found in the various sample plot locations; 

and, floristic similarity (ISS: S0rensen in Mueller-Dombois and Ellenberg, 1974, Orloci, 

1978 and Baig, 1992) to assess the similarity between disturbed and adjacent undisturbed 

vegetation communities (section 4.5). Based on this study, recommendations for 

reclamation and management within the study area were devised (section 4.6). 

4.2 LITERATURE REVIEW 

The literature review utilized resources in the Mackimmie, Gallager and Kananaskis Field 

Station Libraries affiliated with the University of Calgary (i.e. CLAVIS, Carl-uncover, 

CD Rom, air photos and maps, internet search engines), the Cameron Library affiliated 

with the University of Alberta, the Husky Library and Husky well files located in the 

Calgary office and the Alberta Environmental Protection Library in Canmore. 
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EXTENT OF DISTURBANCE WITHIN THE ECOLOGICAL 
RESERVE BOUNDARY 

Utilizing existing maps (Alberta Environmental Protection, 1998), the Plateau Mountain 

Ecological Reserve boundary was drafted onto a 1:50,000 scale topographical map, and 

the approximate planimetric area was calculated. Preliminary review of 1993, 1:40,000 

and 1958, 1:15,840 aerial photography and subsequent field reconnaissance highlighted 

the locations of disturbance within the reserve boundaries. Aerial photographs and, where 

possible, field measurements were used to calculate the approximate planimetric area of 

the disturbed sites in m2, with subsequent conversion to hectares (ha) and percentage of 

total reserve area. 

VEGETATION INVENTORY FIELD DESIGN 

Design of the field methodology used to document the natural recovery of human induced 

disturbance on Plateau Mountain required evaluation of a number of factors, including the: 

1. short flowering period, thus the limited field season; 
2. possibility for severe weather delaying field work; 
3. distribution of disturbed sites within the study area boundaries, and 

relative ability to access them; 
4. need for experimental validity of the vegetation sampling, which 

requires sample site replication (Hurlbert, 1984; Krebs, 1989), and; 
5. need to assess the state of natural recovery of the disturbed sites 

relative to surrounding undisturbed terrain. 

In light of these issues, the following methodology was designed to minimize the risk of 

any one of these factors hindering data collection. 

Prior to the field season, a review of the study area features using 1:40,000 1993 aerial 

photography and the Savanna Creek Gas Field files identified the nature of the disturbance 

types found within the reserve boundaries. Based on this information, a preliminary 

vegetation inventory plan was devised to comprehensively sample the main types of 

disturbance, road, pipeline, well site and surface clearing, across the extent of the study 

area (Figure 4.1). For the purpose of this study, well sites and surface clearings will be 

considered as one type of disturbance, and hereafter are referred to as well site/surface 

clearing. Disturbed sites not used in the vegetation inventory include the 5-32 and 6-29 

well sites currently in production, their access roads, the network of pipeline right-of-ways 
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adjacent to these sites and a few small scale disturbances not documented in gas field 

records (i.e. cat tracks). These sites were not included in the study because they were 

either currently being used or located in areas of undefined disturbance boundaries and of 

indeterminate disturbance and abandonment dates. In order to experimentally document 

revegetation on disturbed sites and assess adjacent undisturbed areas within the short 

growing season and across the expanse of the study area, a transect based inventory 

system was devised that allowed for systematic documentation of both the disturbed and 

undisturbed vegetation. 

4.4.1 Sample Site Designation 

Sample sites representative of the three disturbance types were grouped based on 

disturbance type, disturbance and abandonment dates (D; A), and general location, as 

follows: 

1. Road (highlighted in red on Figures 4.1 and 4.2) 

• Site Tl: eight transects along a 4 km road (D 1956; A 1980) traversing north along 
summit towards the abandoned 3-17 well site. 

• Site T3: three transects along a 1.5 km road (D >1956 and < 1958; A immediately) 
traversing a southeast flank of the summit to access the abandoned 15-29 well site. 

2. Pipeline right-of-way (highlighted in blue on Figures 4.1 and 4.2) 

• Site T6: three transects along a 1 km portion of a fuel line (D < 1961; A 
immediately) traversing west into the subalpine zone near the summit's south end. 

3. Well site/surface clearing ( highlighted in yellow on Figures 4.1 and 4.2) 

• Site T4: two transects bisecting the 15-29 well site (D >1956 and <1958; A 
immediately) located at the summit's southeast end. 

• Site T7,T2,T8,T5: four pairs of transects bisecting disturbances corresponding 
respectively with an unidentified surface clearing, the abandoned 7-5 well site, an 
unidentified surface clearing, and the abandoned 3-17 well site located from south to 
north adjacent to the 3-17 access road (D * 1956; A within one year). Figure 4.1 

4.4.2 Transect Based Inventory System 

Vegetation inventory transects were oriented perpendicular to the axis of linear 

disturbances (road and pipeline) and bisecting point disturbances (well site/surface 

clearing) (Figure 4.2). Transect locations were numbered subordinate to the corresponding 
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sample site designation (i.e. site Tl, transects 1.1, 1.2, 1.3 etc.). Transects along linear 

disturbances were spaced roughly 500 m apart. This allowed for eight transects (1.1 to 

1.8) along the 3-17 access road (site Tl), three transects (3.1-3.3) along the 15-29 access 

road (site T3) and three transects (6.1-6.3) along the pipeline right-of-way (site T6). Two 

bisecting transects were used to sample well site/surface clearings (T4 and T2, T5, T7, 

T8) (Figures 4.1 and 4.2). Spacing between transects along linear disturbances was 

measured using a running pedometer set for the approximate walking stride of the 

researcher. Transects along linear disturbances were marked at their approximate mid

point (i.e. middle of the road bed or pipeline right-of-way) with a metal spike driven flush 

with the ground to allow for future relocation. 

Figure 4.2: Schematic drawing of sample site (in boxes) and transect (numbered) 
locations used in vegetation inventory. 
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Inventory sampling along transects involved plot systems designed to facilitate the 

distinctive nature of each disturbance type (Figure 4.3). Replicate (i.e. one on each side of 

the disturbance) sample plots were set-up along the transects in undisturbed (o and a', 15 

m from either side of the disturbance) and near disturbance terrain (b and b', 5 m from 

either side of disturbance). Disturbed terrain along roads were sampled in replicate in each 

of the road ditch (c and c') and road top (d and d') locations. Disturbed terrain along the 
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pipeline right-of-way was sampled in replicate on eidier side of die right-of-way (c and c') 

Disturbed terrain on well site/surface clearings were sampled in triplicate along each of the 

two bisecting transects (c, c' and c "). Specific details pertaining to the sample plot design 

are described in subsection 4.3.3. Design of both the transect based vegetation inventory 

system and the point frame plot sampling system involved preliminary consultation with A. 

Smrecici (pers. comm., 1997). 

Figure 4.3: Schematic drawings of transect layouts for the three disturbance types. 
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4.4.3 Point Frame Plot System 

The study area is above treeline, therefore trees are sparse and shrub heights are generally 

consistent with the herbaceous layer species. Thus, to facilitate sampling of the 

herbaceous layer over the extensive study site area and within an optimal time frame, a 

modified 1 m2 point frame sample plot was developed. Modeled after the standard 1 m2 

quadrat to sample herb cover (Krebs, 1989), the point frame sample plot is a 1 m by 1 m 

bisect (Figure 4.4 and Plate 4.1). Forty points in total were sampled, 20 north-south and 

20 east-west, each spaced 5 cm apart. Sampling points were marked with 6 cm nails 

driven through the frame. The point frame sample plot was positioned along the transects 

as discussed in subsection 3.3.2, and terrain features were recorded where the nails 

contacted the terrain surface (Plate 4.1). For the purpose of this study, terrain features 

refers to the following: 1.) plant genus and species; 2.) moss; 3.) lichen (refers to 

terricolous lichen); 4.) epipetric lichen; 5.) unknown vegetation; 6.) litter; 7.) bare ground; 

8.) gravel/cobble/boulder (subsequently referred to as gravel), and; 9.) cryptogamic soil. 

Vegetation classifications were limited to vascular plants. A sample copy of the vegetation 

inventory sheet used for the field research is presented in Appendix II. 

For the purpose of this study, sample plot refers to the point frame sample plot designed 

for the vegetation inventory. In total, 168 sample plots were recorded, including: 64 along 

the 3-17 well road; 23 along the 15-29 well road; 18 along the pipeline right-of-way, and; 

63 on well site/surface clearings. 

4.4.4 Data Collection Parameters 

Where possible, plant genus and species identifications were made in the field based on the 

researchers recognition of the vegetation and field guide verification (MacKinnon et al., 

1992; Scotter and Flygare, 1993; Vitt et al, 1988). Plant specimens not readily 

identifiable in the field were collected, pressed and classified usmg Moss (1994) and 

Hitchcock and Cronquist (1973). 
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Figure 4.4: Expanded illustration of the point frame sample plot highlighted in 
Figure 4.3. 

w 
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100 cm length; 20 sample points 
along each directional axis 

Plate 4.1: Close up view of the point frame sample plot illustrated in Figure 4.4. 
Note that the sampling points are marked by nails (arrow) that contact 
the terrain surface. 
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In addition to the terrain features documented within the sample plots, a number of 

ecological descriptors of the plot location vicinity were noted. Included in this were: slope 

(% and profile), aspect, surface shape, microtopography, mesoslope, soil features and an 

estimated % cover of rocky substrates, tree and shrub species, herb layer species, and 

moss layer species. These ecological descriptors were used to broadly characterize 

features of the sample sites for the purpose of within and between site comparison of 

sample plot data. The parameters for these descriptions were adapted from a vegetation 

sampling field guide devised by British Columbia Ministry of Forests Resource Inventory 

Committee (1995), and descriptions were qualitative, based on the researchers best 

judgment. Soil features were documented by digging a small hole (=15 cm deep) with a 

hand trowel near each sample plot location and recording relative moisture content, texture 

and color. A sample copy of the ecological description sheet used for the field research is 

presented in Appendix II. Incidental field notes regarding air temperature (as measured by 

the field vehicle's outside temperature gauge), and relative wind speed and direction were 

documented throughout the data collection time period. A comprehensive photographic 

record of disturbed sites, sample locations, unique terrain features, plant species and fauna 

observations was compiled over the course of the field season. 

4.4.5 Field Season Time Frame 

Pre-field season reconnaissance of the study area was performed on the 11 and 27 June, 

1997, the month prior to the data collection. These visits were made with Husky 

representatives, and allowed for review of the study area in order to finalize the data 

collection methodology. Vegetation inventory data collection was conducted from the 17* 

to the 30th of July, 1997. This inventory time frame allowed for optimal sampling of plant 

specimens as it coincides with the height of vegetation development on Plateau Mountain. 

4.5 VEGETATION INVENTORY DATA ANALYSIS 

4.5.1 Data Organization 

Raw data from the 168 sample plots were recorded in a frequency table (Krebs, 1989; Zar, 

1984). Included are a list of all the terrain features encountered in the vegetation inventory 
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and a frequency tabulation of how many times each terrain feature was observed in 

individual sample plots relative to the total number of points on the sample frame (i.e. 

terrain feature x recorded n times out of 40 possible sample points on the frame). In order 

to simplify data for further analyses and to satisfy the need for experimental replication 

(Krebs, 1989; Hurlbert, 1984), the frequency table data was grouped by averaging 

frequency values of similar sample plot locations within sample sites (i.e. all 16 a/a' 

sample plot frequency values were averaged for Tl. 1 to Tl .8 along sample site Tl or eight 

a and eight a' sample plot values were averaged separately for Tl . l to T1.8). This 

method of grouping satisfies both the statistical requirements of systematic replication 

(Hurlbert, 1984; Krebs, 1989) as well as the research interest in analyzing data by 

disturbance type, disturbance and abandonment dates, and general location within the 

study area. 

4.5.2 Species Evaluation 

The grouped frequency data were analyzed to determine trends in terrain feature (i.e. plant 

genus and species, unknown vegetation, litter, bare ground, gravel, cobble, boulder and 

cryptogamic soil) presence by disturbance or non-disturbance type. For non-disturbance 

types, the vegetation plots located 15 m from the disturbances (a, a) were considered 

completely undisturbed and unaffected by the adjacent disturbed terrain, whereas the 

vegetation plots located 5 m from disturbance (b, b') were considered to be subject to 

influences from the adjacent disturbed area. The plots located on disturbed terrain (c, c', 

c", d, a") were treated by disturbance type (i.e. ditch, road top, pipeline right-of-way, well 

site/surface clearing). From the raw frequency data table, terrain features were grouped 

into frequency classes (I to V) based on the proportion of sample plots that contain each 

individual terrain feature (Raunkiaer, 1934 in Randall, 1978) (i.e. the number of T1.1 a/a' 

sample plots containing feature x out of a total of 16 sample plots). Table 4.1 illustrates 

the five 20 percent frequency classes that describe species distribution in a community. 
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Table 4.1: Frequency class designation based on the proportionate presence of 
terrain features in vegetation plots .' 

Frequency Class 
Frequency of Vegetation Plots 
With Terrain Feature Present 

I 0-20% 
II 21-40% 
III 41-60% 
IV 61-80% 
V >80% 

1. Frequency class values adapted from: Raunkiaer, 1934 in Randall, 1978). 

Frequency class values were used in conjunction with the frequency data to assess the 

relative contribution of individual terrain features to the various forms of disturbed and 

non-disturbed terrain. Based on the frequency (%) and frequency class (I-V) analysis, 

dominant disturbed terrain species were determined. 

Species Richness 

Species richness, or the number of species in the community (Krebs, 1989), was assessed 

by documenting the number of different plant species found on the various forms of 

disturbed and non-disturbed terrain. Values were obtained by counting the number of 

different species recorded in each sample plot location across sample sites. For example, 

within sample site Tl, species richness for transect 1.1 plot a (15 m east of disturbance ) 

to transect 1.8 plot a (15 m east of disturbance) was a cumulative count of different 

species records made across the 8 sample plot locations. Included in this count are all 

vascular plant records as well as those terrain features documented as moss, lichen and 

epipetric lichen (Table 5.5). Unidentified plants, litter, bare ground, gravel and 

cryptogamic soil were not included in species richness counts. Species richness gives a 

relative comparison of species diversity between disturbed and undisturbed sites within and 

between sample sites. 

Vegetation Tests of Similarity 

Sarensen's Index of Similarity (ISS) (Mueller-Dombois and Ellenberg, 1974; Orloci, 1978; 

S0rensen, 1948 in Baig, 1992) was calculated to compare the floristic composition of the 

sample plot locations within the sample sites: 
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ISS= 2c xlOO 
A+B 

where: c = the number of species common to the two sample site; 
A = the total number of species in sample site A; 
B - total number of species in sample site B. 

For example, the ISS value for sample plots located in undisturbed terrain 
(a and a') on either side of the road along site T1 was determined as 
follows: 

c = 20, which represents the total number of species found in 
both the a and a' sample locations for site Tl ; 

A = 26, which represents the species richness for sample plots 
located 15 m east of the disturbance (a) along site Tl; 

B = 33, which represents the species richness for sample plots 
located 15 m west of the disturbance (a') along site 
Tl. 

ISS= 2*20 x 100 = 68 
26 + 33 

The IS, tests were conducted between the various sample plot locations independently for 

each of the five sample sites (Tl, T3, T6, T4 and T2, T5, T7, T8) using the frequency 

data grouped by sample plot location. In this way, the natural revegetation process on the 

disturbed areas can be evaluated with respect to the floristic similarity of the immediate 

near disturbance and undisturbed vicinity. 

RECOMMENDATIONS FOR RECLAMATION AND 
MANAGEMENT DIRECTION WITHIN THE ECOLOGICAL 
RESERVE 

The need for reclamation work on abandoned disturbances was evaluated based on the 

results of the vegetation inventory and subsequent assessment of the state of recovery of 

these disturbances. The state of recovery assessment was conducted via comparison of 

this study's vegetation inventory results with literature reports on alpine/arctic tundra 

natural and human-induced disturbance and recovery regimes. In addition, within sample 

site comparison of disturbed and adjacent undisturbed terrain was used to determine the 

direction of disturbed site recovery (i.e. recovery to pre-disturbance vegetation community 

vs. recovery to new vegetation community). 

Possible reclamation technologies were identified through a literature review of standard 

reclamation practices (subsection 3.5.3). These technologies were assessed in light of the 
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conditions experienced in alpine/arctic tundra environments (Chapter 3: e.g. climate, 

topography, vegetation communities), and conditions unique to the study area itself 

(Chapter 2: e.g. limitations imposed hy the ecological reserve status, topography, 

permafrost, patterned ground, vegetation communities). This assessment was used to 

identify issues pertaining to reclamation of the study area disturbances (section 8.1.1), and 

recommendations were made for reclamation of the abandoned and existing disturbances 

(section 8.1.2). 

Recommendations for management direction within the study area were developed via 

review of the site's ecological significance (section 2.2), ecological reserve program 

objectives (section 2.2), site specific Plateau Mountain management goals (section 3.5.1) 

and current uses and management practices (section 2.8). This review highlighted relevant 

issues for industry, the Plateau Mountain Ecological Reserve Management Planning Team 

and research institutions (sections 8.2.1, 8.3.1 and 8.4.1). Recommendations were 

developed to address these issues (sections 8.2.2, 8.3.2 and 8.4.2). 
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CHAPTERS: RESULTS 

5.1 INTRODUCTION 

The following chapter summarizes the results obtained for the vegetation inventory 

following the methodology outlined in sections 4.3, 4.4 and 4.5. Cross referencing is 

utilized where appropriate to present a concise explanation of the data. The results of the 

literature review (section 4.2) are reported in Chapter 3. The results of the reclamation 

and management recommendations (section 4.6) are reported in Chapter 8. 

5.2 EXTENT OF DISTURBANCE WITHIN THE ECOLOGICAL 
RESERVE BOUNDARY AND SAMPLE SITE CHARACTERISTICS 

The total area of the Plateau Mountain Ecological Reserve is 2323 ha, of which 

approximately 52.94 ha, or 2.3%, of the terrain has been disturbed by development 

activities (Alberta Environmental Protection, 1998; researcher's calculations). Table 5.1 

itemizes the various terrain disturbances along with their relative contribution to the total 

disturbance. The vegetation inventory covered eight sample sites contributing to roughly 

half, or 26.06 ha (49.2 %) of the total disturbed terrain. 

Table 5.2 characterizes the eight sample sites used in the vegetation inventory. All of the 

disturbances occurred between 1956 and 1961, whereas abandonment dates range from 

immediate to 33 years post-disturbance. Elevations of the sample sites range from 2165 m 

at the west end of site T6 to 2500 m at the west end of site T3 and east end of site T6. 

Slopes are gentle, ranging from 0% on well sites (T2, T4, T5) to 15% on roads (Tl, T3), 

with the exception of the pipeline right-of-way (T6) which reaches a 50% slope as it 

descends the west flank of the mountain. Exposure at the macro-environment level is 

variable with the lay of the summit; disturbances near the south end exhibit a southerly 

exposure, whereas those along the north half exhibit a northwesterly exposure. Species 

richness is highest along roads (Tl, 51 species; T3, 34 species), intermediate on well sites 

and pipeline right-of-way, with the exception of T2 (T2, 16 species; T4, 22 species; T5, 20 

species; T6, 22 species) and lowest on surface clearings (T7, 15 species; T8, 18 species). 
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Table 5.1: Approximate area and % of total Ecological Reserve area of disturbed 
sites in the study area.1"2,3'4 

Dimensions Area % o f 
Disturbance Location L(m) W ( m ) m2 ha total area 

road T l 4120 34 140080 14.01 0.603% 
road T3 1040 36 37440 3.74 0.161% 

road summit access 5680 28.8 163584 16.36 0.704% 
road 7-5 access 200 40 8000 0.8 0.034% 

subtotal 349104 34.91 1.503% 
well site T2 N/A N/A 23600 2.36 0.102% 

well site T4 N/A N/A 18000 1.8 0.077% 
well site T5 160 80 12800 1.28 0.055% 
well site 5-32-14-4 N/A N/A 46400 4.64 0.200% 
well site 6-29-14-4 200 140 28000 2.8 0.121% 

subtotal 128800 12.88 0.554% 
tower site south of 6-29 88 40 3520 0.35 0.015% 
tower site north of 6-29 20 16 320 0.03 0.001% 

subtotal 3840 0.38 0.016% 
cat track parallel 3-17 access 1727 3.2 5526.4 0.55 0.024% 
cat track parallel T6 200 3.2 640 0.06 0.003% 

subtotal 6166.4 0.61 0.026% 
pipeline T6 1040 18 18720 1.87 0.080% 
pipeline from 15-29 east 1900 5 9500 0.95 0.041% 

subtotal 28220 2.82 0.121% 
surface clearing T7 80 40 3200 0.32 0.014% 
surface clearing T8 84 80 6720 0.67 0.029% 
unidentified east of T6 440 8 3520 0.35 0.015% 

subtotal 13440 1.34 0.058% 
Total 529570.4 52.94 2.279% 

T1-T8 Total 260560 26.06 1.120%) 
1. Width represents an average of measurements made at each equal intervals along linear disturbances (i.e. road, including 

ditch, pipeline and cat track). 
2. Width and length measured using 1993, 1:40,000 and 1958, 1:15,840 aerial photography and where possible, 

measurements made in the field. 
3. N/A = disturbance non-rectangular in shape. 
4. T l , T3, T2, T4, T5, T7 & T8 represent sample shes used in the vegetation inventory (see Figures 4.1 & 4.2). 

Table 5.2: Site characteristics of eight sample sites used in the study. 

Sample 

Site 

Year of 

Disturb. 

Year of 

Abandon. 

Elevation 

(m) 
Slope 

(%) Exposure 
Area 

(ha) 

Species 

Richness 
Tl-road 1956 1989 2470-2317 <5-15 NNW-NNE 14.01 51 
T3-road >1956-<1958 immediate 2500-2408 <5-15 SSE-SSW 3.74 34 
T2-well site >1956-<1958 immediate 2439 0-<5 NW 2.36 16 
T4-well site >1956-<1958 immediate 2408 0-<5 SE 1.8 22 
T5-well site 1956 1957 2302 0-<5 NW 1.28 20 
T6-pipeline >1956-<1961 immediate 2500-2165 <5-50 W-WNW 1.87 22 
T7-surface 

clearing 
>1956-<1958 immediate 243< <5-10 WNW-

WSW 
0.32 15 

T8-surface 
clearing 

>1956-<1958 immediate 2408 <5-10 WNW-
WSW 

0.67 18 
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Erosion does not appear to be a significant problem on disturbed sites in the study area 

(Alberta Environmental Protection, 1998: researcher's observation). However, gullying 

was observed in the east ditch of site Tl just prior to the culvert location near transect 1.8 

(Plate 5.1). In addition, down slope movement of scree material into krummholz 

vegetation was observed on a steep portion of a fuel line (site T6) on the southwest edge of 

the Plateau summit (Plate 5.2). Finally, wind erosion likely plays a role in the transport of 

fine soil particles from bare ground sites to wind protected pockets. 

Disturbance of periglacial features was noted on a number of sample sites. On severe 

disturbances, surface layers of sorted stripe and polygon features were stripped off site and 

piled on disturbance edges or in road beds. On less severe disturbances, these same 

features were mixed into road bed material or disordered during replacement of soil layers 

following pipeline construction. 

5.3 CLIMATE, SOILS AND WILDLIFE OBSERVATIONS 

Although not an integral part of this project's scope, data pertaining to the climate, soils 

and wildlife observations made during the vegetation inventory were recorded (section 

4.4.4). This information helps to establish that the study area background ecological 

information (Chapter 2), and the ecological descriptions of alpine/arctic tundra areas 

(Chapter 3) are applicable to this study. 

Approximate midmorning temperatures (09:00 to 10:00) ranged from 3°C on 25, July to 

13°C on 28, July, whereas late afternoon and early evening (17:00 to 20:00) temperatures 

ranged from 7° C on 25 July to 21 °C on 28, July. The majority of late afternoon and early 

evening temperatures fall in the 9 - 11 ° C range. Most data collection days were under 

sunny conditions or high scattered cloud. Heavy cloud, fog and precipitation were noted 

on only two occasions; a day long light drizzle and low cloud on 17 July, and a late 

afternoon drizzle and foggy conditions on 25 July. Over night precipitation was noted on 

the morning of 25, July as snow/ice crystals, which were observed in wind protected 

pockets. Winds were very strong, and from the west southwest on each data collection day 

except the last when winds were very light from the east, and daytime temperatures 

reached 21°C. 
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Plate 5.1: View north of erosion in east road ditch near transect 1.8. Note culvert on left side 
of photo. 
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Plate 5.2: View southeast of a fuel line (site T6) on the southwest edge of t 
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w 
View southeast of a fuel line (site T6) on the southwest edge of the Plateau summit. 
Note downslope movement of scree into krummholz vegetation. 
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Table 5.3: Additional data collection parameters from the Plateau summit. 

Parameter Field Notes 
temperature • midmorning: ranged from 3 ° C to 13 ° C 

• later aftemoon/early evening: ranged from 7 ' C to 2 1 ' C; most between 9 -
11°C 

precipitation • light, day long drizzle on 17 July, and later afternoon drizzle on 25 July 
• overnight precipitation (snow/ice crystals) 24 to 25 July 
• otherwise, no precipitation noted during study 

wind • midmorning winds generally light to strong and from the southwest; 
developed into very strong winds by late afternoon/early evening 

• one exception on 28 July; winds very light and from the east 

Soil characteristics were fairly uniform throughout the study area based on sample plot 

location (Table 5.4). Soils underlying the undisturbed turf vegetation were generally fine 

textured, relatively dark (under field conditions) and exhibited high moisture holding 

capacity, substantial organic content and a good root layer. These soils were particularly 

evident along the north half of site Tl. Soil temperatures were noticeably colder in this 

area compared to disturbed sites and sites further south. Undisturbed soils underlying non-

turf vegetation (i.e. Sample Site T3) were generally medium to dark (under field 

conditions) and exhibited substantially lower moisture holding capacity than turf soils. 

Soils adjacent to disturbed sites were generally similar to the surrounding undisturbed sites 

with somewhat lower soil moisture in some areas. Soils underlying disturbed site areas 

generally showed poor development, were lighter in color (under field conditions), 

exhibited negligible to low moisture holding capacity, contained very little to no organic 

material, were primarily coarse textured and had an insignificant root layer. The extremes 

of these features were noted on non-vegetated sites which exhibited very little fine material, 

and substantial amounts of gravel and fine pebbles. However, some non-vegetated sites, 

primarily in road ditch locations, exhibited fine soil material with clay like properties. Soil 

temperatures were noticeably higher in disturbed sites areas, particularly non-vegetated 

sites, than under undisturbed vegetation. Soils underlying vegetated disturbed sites showed 

features of early soil development (darker color, higher moisture content, good root layer, 

more fines and organic material). 
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Table 5.4: Soil characteristics of sample sites from Plateau summit. 

Site Location Field Notes 
undisturbed, turf 
vegetation-north end 

• relatively fine textured and dark in color (under field conditions) and 
exhibited very high moisture holding capacity, cold temperatures, 
substantial organic content and a good root layer 

undisturbed, non-turf 
vegetation-south end 

• generally medium in color (under field conditions) and exhibited 
substantially lower moisture holding capacity and warmer temperatures than 
undisturbed turf soils 

near disturbance sites • generally similar to the surrounding undisturbed sites with slightly lower 
soil moisture capacity in some areas 

disturbed sites • generally show very poor development, were light in color (under field 
conditions), exhibited negligible to low moisture holding capacity and 
warmer temperatures than undisturbed sites, contained very little to no 
organic material, were primarily coarse textured (sand, fine pebbles and 
gravel ),and had an insignificant root layer 

• some non-vegetated sites, primarily in road ditch locations, exhibited fine 
soil material with clay like properties 

Although not part of the study, a number of wildlife observations were made on or near the 

summit over the coarse of the field season. Animal observations include: elk (Cervus 

elaphus), Bighorn sheep (Ovas canadensis), pika (Ochontona princeps), hoary marmot 

(Marmota caligata) and wolf (Canis lupus) on the Plateau summit, and moose (Alces 

alces), mule deer (Odocoileus hemionus), bighorn sheep and snowshoe hare (Lepus 

americanus) near the summit. In addition, during the study period two cougars (Felis 

concolor) were observed along the road near the Husky camp by field operators, and a 

grizzly (Ursus arctos) sow with two cubs were observed by recreationists in a clear cut 

along the summit access road between the Husky camp and the locked access gate. Bird 

observations include ptarmigan {Lagopus leucurus), golden eagle {Aquila chrysaetos) and 

numerous unidentified individuals. 

5.4 VEGETATION INVENTORY DATA RESULTS 

5.4.1 Vegetation Inventory Species List 

The following subsection deals with plant species records obtained for the vegetation 

inventory, unique species distribution on the summit and additional species observations 

made outside of plot locations. In addition, existing vegetation species lists for the Plateau 

Mountain summit (Bird, 1990; Droppo, 1990) are compared with this study's results. 
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5.4.1.1 Plant Species Records On Sample Sites 

Table 5.5 is a composite list of all the terrain features (vegetation and others) recorded on 

sample plots during this project's vegetation inventory. The list is subdivided by 

vegetation type and organized alphabetically. Short ecological notes are attached for each 

species and plant distribution by disturbance type is indicated. The final category of the 

list, titled 'Others', includes non-vascular plants, litter and non-vegetative terrain features. 

A total of 79 terrain features were identified in the vegetation inventory, including: 71 

vascular plants; three non-vascular plant classes (moss, lichen, epipetric lichen); one 

unknown vegetation class, and; four non-vegetative classes (litter, bare ground, 

gravel/cobble/boulder). Totaled by vegetation type, there are: seven dwarf trees and 

shrubs; 45 herbs; nine graminoids; six sedges and rushes, and; eight others. Of the 71 

vascular plants, 68 were classified to the species level, and all species except Poa 

pratensis are considered native, perennials (Moss, 1994). Of the 68 vascular plant species 

and the three non-vascular plant classes, 52 vascular and all of the non-vascular are 

considered alpine species, seven vascular are considered subalpine or montane, and the 

remaining nine vascular plants are considered lower elevation in distribution (Moss, 1994). 

5.4.1.2 Additional Plant Species Records and Existing Species Lists for the Plateau 
Mountain Summit 

A list of additional plant species is presented in Appendix III (Table III.l), along with a 

composite existing vegetation list for the Plateau Mountain summit (Table III.2) (Bird, 

1990; Droppo, 1990). The additional plant species observations were made incidentally 

while traveling between transect locations. Of the 18 observations listed, six are species 

not found on sample transects and the remainder are either species classified samples of 

vegetation listed at the genus level in Table 5.5, or classified samples of lichen not 

classified in Table 5.5. Of the 16 additional plant records classified to genus or greater, 15 

are native, 9 are found in the alpine, and all are perennial. 

The composite existing vegetation species list (Table III.2) (Bird, 1990 & Droppo, 1990) 

for the Plateau Mountain summit contains a total of 262 vegetation records, including 149 

vascular and 113 non-vascular plants. Totaled by vegetation category, there are: nine 
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Table 5.5: Vegetation species and terrain features encountered in the sample plots 
during the vegetation inventory (continued next page).1'2'3'4 

# Dwarf Shrubs and Trees UD ND S LS Ecological Notes' 
1 Dryas octopetala ssp. hookeriana (Juz) X X X X N, A, P; dense mats; alpine slopes 

2 Picea engelmanni Parry X N, A, P; depressed shrub 

3 Salix arctica Pallas X X X N, A, P; creeping shrub 

4 Salix barrattiana Hook. X X N, A, P; forms extensive thickets 

5 Salix commutata Bebb X N, P; forms subalpine thickets 

6 Salix glauca L. X X X N, A, P; common in thickets 

7 Salix vestita Pursh X N, A, P, rocky open slopes 

Herbs 

8 Achillea millefolium L. X X X N, P, prairie clearings, roadsides, waste sites 

9 Agoseris glauca var. dasycephala (Pursh )Raf. X N, A, P; prairies, meadows, roadsides, open 

mountain slopes to alpine 

10 Androsace chamaejasme Host X X X X N, A, P; all; mountain banks and slopes to alpine 

11 Anemone lithophila (Rydb.) X N, A, P; alpine slopes and ridges 

12 Antennaria alpina (L.) Gaertn. X X X X N, A, P; mat forming 

13 Arnica angustifolia ssp. tomentosa M. Vahl X X X N, A, P, alpine slopes 

14 Aster alpinus ssp. vierhapperi L. X N, A, P; prairie to dry alpine slopes 

15 Astragalus alpinus L. X N, A, P; creeping rhizome; rocky slopes 

16 Campanula uniflora L. X N, A, P; alpine slopes 

17 Cassiope tetragona (L.) Don X X X N, A, P; shrub; moist alpine slopes 

18 Cerastium beeringianum Cham. & Schlecht. X X X N, A, P; alpine slopes and ridges 

19 Dodecatheon sp. X X X N, P, wet meadows, saline flats 

20 Draba sp. X X N; not classified to species 

21 Epilobibium angustifolium L. X X N, P; clearings, gravel bars, waste sites, roadside 

22 Erigeron aureus Greene X X X X N, A, P; rocky alpine slopes 

23 Erigeron compositus Pursh X X X N, A, P; dry open areas to alpine elevations 

24 Haplopappus lyallii A. Gray X X X N, A, P; provincially rare; dry alpine slopes 

25 Hedysarum sulphurescens Rybd. X X X N, P; prairie grassland, mountain woods 

26 Minuartia sp. X X X X N; not classified to species 

27 Myostis alpestris Schmidt X X X X N, A, P, moist alpine meadows 

28 Oxytropis podocarpa A. Gray X X N, A, P; exposed rocky ridges/turfy alpine hillside 

29 Oxytropis splendens Dougl. ex Hook. X X N, P; grassy slopes, open woods, gravely banks 

30 Oxytropis sericea Nutt. X X X X N, P; prairies and dry hillsides 

31 Pedicularis bracteosa Benth. X N, A, P; moist woodland, open montane slopes 

32 Phacelia sericea (Graham) A. Gray X N, P; open woods/slopes to subalpine elevations 

33 Phytlodoce glanduliflora (Hook. )Coville X N, A, P; heath-like shrub; subalpine/alpine meadow 

34 Polygonum bistortoides Pursh X X N, P; mountain meadows and stream banks 

35 Polygonum viviparum L. X X X X N, A, P; moist woods and meadows to high alpine 

36 Potentilla diversifolia Lehm. X X X X N, A, P, moist montane meadows to alpine slopes 

37 Potentilla fruiticosa L. X X N, P; shrub; plains and open woods to subalpine 

38 Potentilla hyparctica Malte X N, A, P; alpine slopes and ridges 

39 Potentilla ntvea L. X X X X N, A, P; alpine slopes 

40 Rumex sp. X X X X P; not classified to species 

41 Saxifraga bronchialis L. X X X X N, P, rocky outcrops from montane to subalpine 

42 Saxifraga caespitosa ssp. caespitosa L. X X N, A, P, moist alpine banks and ledges 

43 Saxifraga cemua L. X X N, A, P, moist alpine banks, screes, ledges 

44 Saxifraga lyallii Engler X N, P; stream banks and moist mountain slopes 

45 Saxifraga nivalis L. X X X X N, A, P; provincially rare plant; alpine slope/ridge 

46 Saxifraga oppositifolia L. X N, A, P; alpine slopes and ridges 
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Table 5.5: ... continued. 

# Herbs - continued UD ND s LS Ecological Notes' 

47 Sedum lanceolatum Torr. X X X X N, P; dry slopes and ridges 

48 Senecio lugens Richards. X X X N, A, P; moist subalpine and alpine slopes 

49 Sibbaldia procumbens L. X N, A, P; moist alpine slopes and ridges 

50 Silene acaulis L. X X X X N, A, P; alpine slopes and meadows 

51 Smelowskia calycina (Stephan.) C.A. Mey. X X X X N, A, P; alpine screes 

52 Solidago multiradiata Ait. X X X N, A, P; moist areas to alpine elevations 

53 Stellaria longpipes var. altocaulis Goldie X X X N, A, P, dry to moist open area, open woodland 

and alpine slopes 

54 Stellaria monatha Hult. X X X X N, A, P; glaoucous variation of S. longpipes 

55 Taraxacum ceratophorum (ledeb.) DC. X X X N, A, P; open areas to alpine elevations 

56 Tolmachevia integrifolia (Raf.) Love & Love X X X X N, A, P; moist alpine screes and ridges 

Craminoids 

57 Agropyron violaceum (Homem.) Lange X X X X N, A, P; montane to alpine slopes/meadow 

58 Deschampsia caespitosa ssp. caespitosa (L.) Beauv. X X X X N, P; moist open areas 

59 Festuca brachyphylla Schultes X X X X N, A, P; dry alpine slopes 

60 Poa alpina L. X X X N, A, P; subalpine/alpine meadow/rocky slope 

61 Poaarctica R. Br. X X X X N, A, P; rhizomes; alpine meadows 

62 Poa pratensis L. X X X X P ; rhizomes; prairies and woodland 

63 Poa sandbergii Vasey X X N, P; spring flower, dry plains 

64 Poa sp. X X X X not classified to species3 

65 Trisetum spicatum (L.)Richt. X X X N, P; open woods and mountain slopes 

Sedges and Rushes 
66 Carex albo-nigra Mack. X X X X N, A, P; exposed alpine tundra 

67 Carex maritima var. incurviformis Boivin. X N, A, P; creeping, gravely alpine areas 

68 Carex obtusata LiIj. X X X N, P; rhizomes; prairie grassland, dry ridge/hill 

69 Carexphaeocephala Piper X X X X N, A, P; dry alpine slopes 

70 Kobresia myosuroides (Vill.)Fiori &Paol. X X X N, A, P; turfy, often exposed, alpine areas 
71 Luzula spicata (L.) DC. X X X X N, A, P; alpine slopes and among rocks 

Others 
72 moss X X X X not classified 

73 terricolous lichen X X X X not classified3 

74 epipetric lichen X X X X not classified3 

75 unknown vegetation X X X X not classified 

76 litter X X X X non-vegetative 

77 bare ground X X X X non-vegetative 

78 gravel/cobble/boulder X X X X non-vegetative 

79 cryptogamic soil X X X X likely an early stage of lichen growth 

Descriptive information obtained from Moss (1994), species classifications made with: Moss (1994), Hitchcock and 
Cronquist (1973), MacKinnon et al. (1992), Scotter and Flygare (1993), Gadd (1995) and Vitt et al. (1988). 
UD = undisturbed; ND = near disturbance; S = severe disturbance; LS = less severe disturbance; N *• native plant; A = 
alpine plant, and; P = perennial species. 
Descriptive information not available for plants at genus level. 
Introduced and native elements are indistinguishable, and are both found in the area (Moss, 1994). 
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trees and shrubs; 121 herbs; nine graminoids; 10 sedges and rushes; 84 lichens; 28 

bryophytes, and; one pteridophyte. Of the 149 vascular plants in the Bird and Droppo 

composite list, 48 were recorded in this study's vegetation plots (Table 5.5) and seven in 

the additional species list (Table III. 1). However, this study's vegetation inventory and 

additional species list results include an additional 21 vascular plants categorized as 

follows: four tree and shrub species (Salix barrattiana, S. commutata, S. glauca, S. 

vestitd); nine herb species (Dodecatheon sp., Oxytropis nigrescens, O. sericea, 

Polygonum bistortoides, Potentilla hyparctica, P. nivea, Saxifraga nivalis, Sedum 

lanceolatum, Stellaria monatha); three graminoid species (Agropyron violaceum, Poa 

pratensis, P. sandbergii); four sedge and rush species (Carex albo-nigra, C. maritima, C. 

obtusata, Kobresia myosuroides), and; one pteridophyte (Selaginella densd). There are 

two other plant lists that encompass the Plateau Mountain study area (Griffiths, 1982; 

Harris, 1991). However, Griffiths utilized Bird's list for summit species, and Harris's list 

includes vegetation records made on a traverse from the Chain Lakes, over the summit of 

Plateau Mountain and down to Cataract Creek. 

5.4.1.3 Plant Species Distribution by Disturbance Type 

Plant species distribution was analyzed by disturbance type according to the following: 

undisturbed locations represented by sample plots 15 m from disturbance; near disturbance 

locations represented by sample plots 5 m from disturbance; severe disturbances 

represented by sample plots in road ditches and on well sites/surface clearings, and; less 

severe disturbances represented by sample plots on road top and pipeline right-of-way. 

The severe and less severe categories were adapted from Chambers et al. (1990) and 

Chambers (1995a), where severe refers to disturbances that remove surface soil horizons 

and less severe refers to disturbances that leave the soil horizons in place. Even though the 

road bed and pipeline right-of-way disturbance involved disruption of the soil horizon, the 

ensuing disturbed site contains a seed bank, propagule pool and organic material. 

The 71 vascular plants identified in the study were distributed across disturbance types as 

follows; 27 in all four disturbance types; 57 in both the disturbed (including severe and less 

severe) and not disturbed (including undisturbed and near disturbance) sites; eight in 

disturbed sites only (including severe and less severe) (Picea engelmanni, Salix 
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commutata, Salix vestita, Campanula uniflora, Epilobium angustifolium, Pedicularis 

bracteosa, Phacelia sericea and Sibbaldia procumbens), and; nine in undisturbed sites 

only (including undisturbed and near disturbance) {Agoseris glauca, Anemone lithophila. 

Aster alpinus. Astragalus alpinus, Phyllodoce glanduli flora, Potentilla hyparctica, 

Saxifraga lyalli, S. oppositifolia and Carex maritima). 

Unique distribution by the four plot locations is as follows: undisturbed - Agoseris 

glauca. Aster alpinus, Potentilla hyparctica and Saxifraga oppositifolia, near disturbance 

- Anemone lithophila, Astragulus alpinus, Phyllodoce glanduliflora and Saxifraga lyallii; 

severe disturbance - Picea engelmanni, Salix commutata, Salix vestita, Pedicularis 

bracteosa, Phacelia sericea and Sibbaldia procumbens, and; less severe disturbance -

Campanula uniflora. Plants limited to disturbed (including severe and less severe) and 

immediately adjacent near disturbance sites only include: Salix barrattiana, S. glauca, 

Achillea millefolium, Cassiope tetragona, Draba sp., Oxytropis splendens, Polygonum 

bistortoides, Saxifraga cernua, Stellaria longpipes, Taraxacum ceratophorum, Poa 

sandbergii and Trisetum spicatum. 

5.4.2 Species Evaluation 

Table 5.6 contains the summarized data from the raw data tables of terrain feature 

frequency (%) and frequency class (I-V) along the sample sites. As indicated in Chapter 4, 

the term terrain feature encompasses the following: 1.) plant genus and species; 2.) moss; 

3.) lichen (refers to terricolous lichen); 4.) epipetric lichen; 5.) unknown vegetation; 6.) 

litter; 7.) bare ground; 8.) gravel/cobble/boulder (subsequently referred to as gravel), and; 

9.) cryptogamic soil. From Table 5.6, predominant terrain features were selected for pie 

chart illustration based on frequency and frequency class according to the following: 

1. all terrain features with a frequency value ^5 %, or; 

2. terrain features with a frequency value of >4 % and a frequency class of 
IV or V, or; 

3. in cases that were not applicable to the mentioned parameters, the top five 
terrain feature frequency values were chosen. 

In addition, the frequency and frequency class values for gravel/cobble/boulder (gravel), 

bare ground as well as a sum value for all remaining features (others) are illustrated. 
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Terrain feature categories are grouped by color in the pie charts as follows: green = 

vascular plants; pink = non-vascular plants; gray = gravel/cobble/boulder (gravel); brown 

= bare ground; mauve = litter, and; light green = sum of all other features. The results of 

the dominant species selection process are illustrated and reported by sample location for 

all terrain types (disturbed and undisturbed) in the following three subsections: roads 

(Figures 5.1, 5.2); pipeline right-of-way (Figure 5.3), and; well site/surface clearing 

disturbances (Figures 5.4, 5.5). 

5.4.2.1 Road: Site Tl and T3 (Figures 5.1, 5.2) 

Vascular plants, primarily shrub tundra (Dryas octopetala) and sedge {Carex albo-nigra), 

and non-vascular lichen (epipetric) populations appear to contribute significantly to the 

overall community structure in terms of both frequency (%) and frequency class (I-V) in 

undisturbed and near disturbance terrain along Tl (Figure 5.1). Both vegetation categories 

decrease significantly, to the point of lichen not even appearing in sample plots on 

disturbed terrain. Subsequently, frequency and frequency class of gravel records increase 

substantially from undisturbed and near disturbance terrain to disturbed terrain in the road 

ditch and road top sample plots. Bare ground frequency and frequency class is relatively 

even across the sample plot locations. 

Undisturbed terrain along T3 appears to be dominated by a higher number of species and 

different species representation than that along Tl (Figure 5.2). Undisturbed vegetation 

communities in this area are composed of a herb-sedge-rush community (Potentilla 

diversifolia, Carex obtusata, C. albo-nigra, Kobresia myosuroides) with a significant 

epipetric lichen component on patterned ground features. Like Tl , dominant components 

of the undisturbed terrain along T3 decrease in the adjacent disturbed terrain sample plot 

locations. However, gravel does not show as significant of a subsequent increase from 

undisturbed to disturbed terrain, particularly with respect to the road top sites. The road 

ditch still exhibits a relatively large gravel frequency and frequency class component. 

However, the gravel component is lower than that observed in ditch locations along Tl, 

and gravel on the road top contributes to only 3 % of the total terrain features, which is 

substantially lower than that along Tl (36%). The road top is primarily composed of an 

herb-grass-moss community (P. diversifolia, Poa sp., P. nivea, P. pratensis and moss). In 
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addition, bare ground frequency and frequency class values, although generally low in 

most sample plots, contribute to 16 % (III) of the total terrain features in the road ditch. 

5.4.2.2 Pipeline Right-of-way: Site T6 (Figure 5.3) 

The undisturbed terrain along T6 resembles that found along Tl in being composed 

primarily of vascular plants dominated by shrub tundra (Dryas octopetala) and sedge 

(Carex obtusata and C. albo-nigra) with a small component of non-vascular lichens 

(Figure 4.3). However, the gravel component is also high in undisturbed terrain along T6. 

Again, both dominating plant features decrease in the disturbed terrain, gravel features 

increase and bare ground remains relatively constant from undisturbed to disturbed sample 

plot locations. There appears to be a relatively high frequency of epipetric lichen in the 

disturbed terrain and low nonvascular plant representation in the near disturbance sample 

plot locations. 

5.4.2.3 Well Site/Surface Clearing: Sites T2,T5,T7,T8 and Site T4 (Figures 5.4,5.5) 

Gravel appears to be a relatively significant terrain feature on undisturbed, near 

disturbance and especially disturbed terrain along site T2,T5,T7,T8 (Figure 5.4). Like Tl, 

undisturbed and near disturbance vegetative terrain features are dominated by shrub tundra 

(Dryas octopetala) and lichen species (terricolous and epipetric). The vegetative 

component of terrain features on the surface cleared terrain is low, with dominant species 

represented by Poa pratensis and moss only. Bare ground frequency values are again low, 

however, frequency class values are higher than that recorded for Tl, T3 and T6. 

Undisturbed and near disturbance terrain surrounding Sample Site T4 is strongly 

represented by sedge-shrub vascular plant species (Kobresia myosuroides, Carex albo-

nigra, Dryas octopetala) and epipetric lichen nonvascular components (Figure 5.5). 

Gravel and bare ground features are not recorded in undisturbed sample plots and gravel is 

present in only small amounts in near disturbance sample plots. Disturbed terrain 

frequency values are dominated by gravel, although not as significantly as in 

T2,T5,T7,T8. In addition, the vascular and non-vascular plant component of T4 is higher 

than that illustrated in T2,T5,T7,T8. Oxytropis podocarpa, a nitrogen fixer, appears as a 

dominant feature of T4 disturbed terrain. 
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Table 5.6: Species frequency (%) and frequency class (I-V) within sample sites.1 

Sample SlteTl Sample Site T3 Sample Site T6 Sample Sites T2,T5,T7,T8 Sample Site T4 
I D NE RD RT UD ND RD RT UE ND ROW UD ND C UD ND c 

Species List F FC F | FC * 1 FC * 1 FC * 1 FC F |FC * 1 FC * ! FC ' 1 FC F ]FC F FC F |FC F |FC * 1 PC F |FC F 1 FC F |FC 
Dwarf Shrubs/Trees 
D. octopetala 24.84 IV 16.41 III 3.44 III 4.38 I 0.42 I 1.25 I 2.50 I 12.92 II 18.33 II 0.83 I 13.08 IV 17.68 III 1.04 I 14.17 II 18.33 II 
P. engelmanm 0.63 I 
S. arctwa 1.25 II 1.25 I 0.47 I 1.00 I 7.08 III 2.92 III 1.67 II 3.27 III 0.36 I 2.50 II 
S. barrattiana 0.31 I 0.63 I 5.00 II 1.25 I 
S. commutata 2.81 I 
S. glauca 0.31 I 2.03 I 1.61 I 0.10 I 
S. vestita 0.16 I 
Total 26.09 17.97 8.44 6.41 1.00 7.50 6.25 2.50 15.84 20.00 0.83 16.35 20.89 1.15 14.17 20.83 
Herbs 
A. millefolium 0.16 I 2.50 I 0.42 I 0.83 I 
A. glauca 0.47 I 
A. chamaejasme 1.56 II 0.78 I 0.31 I 2.00 I 0.42 I 1.25 II 0.83 II 0.19 I 0.42 I 1.67 II 0.83 II 
A. hthophila 0.18 I 
A. alpma 1.56 II 1.56 11 1.09 I 1.72 I 0.83 II 0.83 11 0.42 I 0.83 II 0.83 I 1.67 II 1.15 II 1.61 III 0.83 II 1.67 IV 0.42 I 
A. angustifoha 0.16 I 1.00 I 0.42 I 0.10 I 4.17 II 
Aster alpmus 0.42 I 0.83 II 
A. alpmus 2.50 II 
C. umflora 0.16 I 
C. tetragona 0.16 I 0.16 I 1.25 I 
C. beenngianum 0.16 1 0.83 I 1.0/ i 1.67 II 0.19 I 
Dodecatheon sp. 1.25 III 0.42 I 0.42 I 
Draba sp. 0.31 I 0.83 II 
E. angustifolium 0.47 1 1.25 I 1.25 I 
E, aureus 0.47 1 0.78 I 0.63 I 4.17 II 0.83 I 0.83 I 2.08 I 1.25 I 0.89 I 
E. compositus 0.78 I 2.34 I 0.42 I 2.92 II 0.83 I 3.33 II 
H. lyalln 1.09 I 0.31 I 1.00 I 1.25 I 0.42 I 0.38 I 0.89 II 
H. sulphurescens 0.78 I 0.63 I 1.67 II 
Minuartia sp. 0.78 II 2.03 II 0.47 I 3.75 II 3.50 II 1.67 II 1.67 II 0.42 I 2.92 IV 2.50 IV 0.83 I 1.73 III 0.71 I 2.19 II 1.67 IV 5.00 IV. 2.50 IV 
M. alpestris 0.16 I 0.16 I 0.83 I 0.83 II 0.10 I 0.83 II 
0, podocarpa 0.16 I 1.50 I 0.19 I 1.56 I 5.42 IV 
0. splendens 0.42 I 0.42 I 0.31 I 
0. sencea 0.16 I 0.63 I 1.50 I 0.42 I 0.42 I 0.31 I 1.67 II 0.83 II 2.50 III 
P. bracteosa 0.47 I 0.42 I 
P. sencea 0.10 I 
P. glanduhflora 2.50 I 
P. bistortoides 0.16 I 0.16 I 
P. viviparum 1.72 II 2.66 II 0.63 I 0.50 I 2.50 IV 1.67 II 1.25 II 0.83 I 1.73 II 0.89 II 0.52 I 0.83 11 
P. diversifolia 6.41 IV 4.53 IV 5.31 IV 9.53 IV 13.00 III 12.92 IV 4.17 III 17.08 V 1.67 II 10.00 IV 5.00 III 4.04 III 6.79 III 2.19 III 0.83 II 6.67 II 0.83 I 
P. fruiticosa 0.31 I 0.00 6.67 II 
P. hyparctica 0.63 I 0.83 I 
P. mvea 0.31 I 2.19 I 6.25 III 1.67 11 0.42 I 0.36 I 0.31 I 0.83 II 0.83 II 
Rumex sp. 0.16 I 0.16 I 0.83 I 0.10 I 
S. bronchiahs 1.88 II 1.56 11 0.78 I 0.47 I 1.92 II 1.79 II 2.50 II 
S. caespitosa 0.31 I 0.42 I 0.83 I 0.42 I 
S. cernua 0.83 I 0.42 I 0.83 II 



Table 5.6: continued. 
Sample Site T Sample Site T3 Sami Sampl Sample Site T4 

U D ND RD RT UD ND RD RT UD ND R O W UD ND c UD ND C 
Species List F | F C F 1 FC F 1 FC P 1 FC * 1 Tc * 1 F C * 1 FC F | F C F | F C F | F C F | F C * 1 FC * 1 FC F I F l F C F Fe F | F C 

Herbs continued 
S. lyalhi 0.16 I 

S. nivalis 0.16 I 0.31 I 0.83 I 0.42 1 0.42 I 0.42 I 0.42 I 0.42 I 0.18 I 
S. oppositifolia 0.16 I 
S. lanceolatum 0.16 1 0.50 1 0.42 I 0.42 I 0.38 I 0.36 I 0.10 I 
S. lugens 0.31 I 0.63 1 0.18 I 0.83 I 
S. procumbens 1.56 I 
S. acauhs 0.94 I 0.31 I 0.94 I 0.31 I 1.50 II 0.42 I 0.83 II 0.83 II 1.25 I 1.15 II 0.52 I 1.67 IV 0.83 ll 
S. calycina 0.16 I 1.25 II 1.25 II 1.25 11 1.25 III 0.42 I 0.52 II 0.83 II 0.83 II 
S. multiradmta 0.47 I 0.47 I 1.25 II 4.17 II 0.18 I 
S. longpipes 0.31 I 0.78 I 0.21 I 
S. monatha 1.25 II 0.94 II 2.50 II 1.67 III 1.67 III 0.19 I 0.36 I 1.35 I 0.83 II 0.83 II 

T. ceratophorum 0.47 I 1.25 II 0.18 I 0.10 I 

T. integrifblia 0.47 I 1.09 II 0.16 I 0.16 1 0.42 I 0.83 I 0.19 I 0.54 I 0.21 I 1.67 11 0.83 I 
Total 21.88 19.84 16.72 27.66 26.00 33.75 10.83 36.67 15.00 27.92 15.83 13.46 16.07 13.33 21.67 28.33 20.83 

Gramlnoids 
A. violaceum 0.50 I 2.08 I 0.71 I 0.73 I 

D. caespitosa 0.16 I 0.16 I 3.91 1 3.00 I 1.67 I 1.25 I 0.42 I 0.19 I 1.25 I 0.31 I 

F. brachyphylla 0.63 I 1.09 I 1.25 II 3.28 11 0.50 I 2.08 II 6.25 IV 3.75 III 0.52 I 1.25 II 
P. alpma 0.16 I 1.56 I 0.16 I 0.83 I 

P. arctica 0.47 I 0.31 I 2.66 I 1.25 I 0.42 I 0.42 I 0.42 I 0.54 I 0.52 I 

P. pratensis 0.78 1 0.31 i 0.16 1 3,/5 11 1.50 l 6.25 IV 1.25 I 1.67 II 3.33 V 0.36 i 2.29 m 0.83 II 1.25 II 

P. sandbergu 0.16 I 1.25 I 0.83 I 
Poa sp. 0.16 I 0.16 I 3.59 I 1.25 I 10.42 II 0.10 i 

T. spicatum 0.16 I 2.50 II 0.42 I 0.63 i 1.25 II 

Total 2.34 2.19 2.97 17.50 5.50 7.50 6.67 26.25 1.25 2.92 4.58 0.19 2.86 5.10 0.83 4.58 

Sedges & Rushes 
C. albo-mgra 6.72 II 5.31 III 3.28 II 2.81 I 2.50 II 5.00 II 0.42 I 1.25 II 2.08 I 6.25 IV 2.50 11 1.92 II 0.89 I 0.21 i 4.17 IV 4.17 IV 0.42 I 

C. mantima 1.00 I 

C. obtusata 1.56 I 2.34 I 8.00 I 10.83 IV 11.25 II 0.77 II 1.43 II 0.21 i 0.83 II 0.42 I 

C. phaeocephala 0.16 I 1.25 II 0.50 I 1.67 I 1.67 I 1.25 I 0.38 I 0.36 I 0.21 i 

K. myosuroides 1.88 I 1.09 I 5.00 I 9.58 II 4.17 II 4.04 II 4.46 II 15.83 IV 10.83 V 

L. spwata 0.16 I 0.78 I 0.63 I 0.50 I 2.08 II 3.75 III 0.42 I 0.83 II 0.83 I 0.19 I 0,18 I 1.25 ii 2.50 II 
Total 10.31 9.69 5.16 2.81 17.50 18.33 4.17 5.83 12.92 20.00 4.58 7.31 7.32 1.88 20.00 18.33 0.83 

Moss & Lichen 
moss 7.81 III 11.41 IV 6.56 III 2.81 II 6.00 IV 7.92 V 11.25 IV 14.58 V 5.00 V 3.75 V 9.58 V 4.42 V 8.39 IV 7.60 IV 6.67 IV 17.50 V 

lichen 3.91 III 5.63 IV 0.16 I 5.50 II 4.17 IV 0.83 11 4.58 IV 11.25 V 3.75 IV 2.08 III 7.12 IV 5.89 V 1.25 ii 5.83 IV 1.67 II 

epipetric lichen 11.88 II 16.72 II 21.00 II 6.67 III 4.17 I 1.25 I 2.92 II 13.33 II 7.50 II 4.82 II 36.67 V 13,33 II 

Total 23.59 33.75 6.56 2.97 32.50 18.75 16.25 19.17 17.50 10.42 25.00 19.04 19.11 8.85 42.50 21.67 17.50 

Other 

unknown 0.31 I 0.50 I 0.42 I 1.25 I 1.25 I 0.38 I 0.21 i 

litter 8.44 IV 5.00 IV 2.50 III 5.16 IV 1.00 II 4.58 III 1.25 II 4.58 V 7.50 V 12.50 V 4.58 V 6.54 V 5.00 IV 3.23 in 0.83 II 10,00 IV 1.67 IV 

bare ground 1.25 I 0.94 I 2.66 II 1.09 I 2.50 11 2.92 III 15.83 III 1.25 II 0.83 III 1.25 I 2.92 II 4.42 IV 3.39 III 3.13 in 2.92 IV 

gravel cobble/boulder 5.47 II 10.63 IV 54.53 V 36.41 V 13.50 II 5.83 III 35.42 V 2.50 III 25.42 V 4.58 II 40.42 V 28.08 IV 21.96 III 62.50 V 0.83 11 51.67 V 

fungus ground 0.63 I 0.16 I 0.42 I 2.08 II 3.75 V 0.42 I 1.25 I 4.23 HI 3.39 II 0.63 i 
Total 15.78 16.56 60.16 42.66 17.50 14.17 55.83 9.58 37.50 18.75 49.17 43.65 33.75 69.69 0.83 10,83 56.25 

1. F=frequency; FC=frequency class; UD=undisturbed; ND=near disturbance; RD=road ditch; RT=road t 



Figure 5.1: Breakdown of dominant species encountered along transects 1.1 to 
1.8 (site Tl - access road) based on species frequency (%) and 
frequency class (I-V).1" 

a.) undisturbed (LTD): 
average of 16 sample 
plots, including; 8 
plots 15 m east and 8 
plots 15 m west of 
the disturbance axis. 

b.) near disturbance 
(ND): average of 16 
sample plots, 
including; 8 plots 
5m east and 8 plots 
5 in west of the 
disturbance axis. 

c.) road ditch (RD): 
average of 16 sample 
plots, including; 8 
plots at ditch center 
in each of the east 
and west ditches. 
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Figure 5.2: Breakdown of dominant species encountered along transects 3.1 to 3.3 
(site T3 - access road) based on species frequency (%) and frequency 
class (1-V).1-2 

a.) undisturbed (UD): 
average of 6 sample 
plots, including; 3 
plots 15m north and 
3 plots 15m south of 
the disturbance axis. 

b.) near disturbance 
(ND): average of 6 
sample plots, 
including; 3 plots 
5m north and 3 plots 
5m south of the 
disturbance axis. 

c.) road ditch (RD): 
average of 6 sample 
plots, including; 3 
plots at ditch center 
in each of the north 
and south ditches. 

d.) road top (RT): 
average of 6 sample 
plots, including; 3 
plots conducted on 
each of the north and 
south sides of the 
road top. 
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Figure 5.3: Breakdown of dominant species encountered along transects 6.1 to 6.3 
(site T6 - pipeline row) based on species frequency (%) and frequency 
class (I-V).w 

a.) undisturbed (UD): 
average of 6 sample 
plots, including; 3 
plots 15 m south and 
3 plots 15 in north of 
the disturbance axis. 

b.) near disturbance 
(ND): average of 6 
sample plots, 
including; 3 plots 5 
m south and 3 plots 5 
m north of the 
disturbance axis. 
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Figure 5.4: Breakdown of dominant species encountered along transects 2.1/2.2, 
5.1/5.2, 7.1/7.2 and 8.1/8.2 (sites T2, T5, T7 and T8 - well sites/surface 
clearings) based on species frequency (%) and frequency class (I-V)-

a.) undisturbed (UD): 
average of 4 sample 
plols. including; 1 
15 m south. 1 15 m 
north, 1 15 m east 
and 1 15 m west of 
the disturbance axis. 

b.) near disturbance 
(ND): average of 4 
sample plots, 
including; 1 5 m 
south. 1 5 m north, 1 
5 tn east and 1 5 m 
west of the 
disturbance axis. 
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1. Other= total frequency of all other features not designated as dominant (see subsection 5.4.2) 
2. Color Legend:BK vascular species; • = nonvascular species: ira= litter; gravel cobble* 

boulder; B l ' hare ground, and. cumulat ive of others (see subsection 5.4.2). 



Figure 5.5: Breakdown of dominant species encountered along transects 4.1/4.2 
(site T4 - well site) based on species frequency (%) and frequency class 
( I -V) . u 

a.) undisturbed (UD): 
average of 4 sample 
plots, including: I 
15 m south. I 15 m 
north. 1 15 m easi 
and 1 15 m west of 
the disturbance axis. 

b.) near disturbance 
(ND): average of 4 
sample plots, 
including; 1 5 m 
south, 1 5 m north, I 
5 m east and I 5 m 
west of the 
disturbance axis. 

c.) well site/surface 
clearing (C): average 
of 6 sample plots, 
including; 3 running 
south/north and 3 
running east/west 
across the 
disturbance. 
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1. Other= total frequency of all other features not designated as dominant (see subsection 5.4.2). 
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b o u l d e r ; * * - bare ground, a n d ; * * - cumulat ive of others (see subsection 5.4.2). 



5.4.2.4 Relative Species Strength 

Table 5.7 is a list of dominant species as determined from frequency and frequency class 

values in the disturbed terrain sample plots (Figures 5.1 to 5.5 and Table 5.7). In addition, 

frequency and frequency values of gravel and bare ground features are presented for all 

sample plot locations to illustrate the relative colonization potential of the disturbed terrain. 

In total, 12 vascular plant species and 3 non-vascular plant classes appear to be dominant 

disturbed ground colonizers in addition to litter, gravel and bare ground. Of the 15 

vegetative classes, nine are species present in at least four of the seven particular 

disturbance types. The exceptions to this being Salix arctica, S. barrattiana, Oxytropis 

podocarpa, Poa sp., Deschampsia caespitosa and epipetric lichen. 

5.4.3 Species Richness 

Species richness was highest along site Tl (33 species in undisturbed terrain 15 m west of 

the road), and the lowest along site T4 (10 species recorded in near disturbance terrain 5m 

east of well site and 10 species in disturbed terrain on the well site clearing) (Figure 5.6). 

Due to the dissimilar number of sample plot replications between sample site locations, 

discussion of species richness values will primarily be limited to within sample site 

comparisons. 

For site Tl (Figure 5.6.a), the trend in species richness across the transect illustrates 

relatively high values on undisturbed and near disturbance terrain, with lower values 

recorded on the road ditch and road top sample locations. Site T3 (Figure 5.6.a) varies 

from this in that the highest species richness is found on near disturbance and road top 

terrain. Whereas the undisturbed terrain species richness is lower, and similar to the road 

ditch values. Sample sites T2,T5,T7,T8 and T4 (Figure 5.6c) are similar to T3 in that 

undisturbed locations exhibit relatively low species richness compared to near disturbance 

locations, and species richness on disturbed site sample plots are comparable to 

undisturbed plots. However, the c plot value is substantially higher in the T2,T5,T7,T8 

sample site than expected from trends observed on other severely disturbed sites. T6 is 

unique in that the species richness values are relatively uniform across transects, with the 

exception of the right-of-way and undisturbed locations on the north side. 

88 



Table 5.7: Frequency (%) and frequency class (I-V) of dominanat species found on disturbed terrain.1' 

Disturbance Type 
Sample Site 
Abandonment date 
Plot Location 

Road Pipeline ROW Well site/Surface Clearing Disturbance Type 
Sample Site 
Abandonment date 
Plot Location 

Tl T3 T6 T2,5,7,8 T4 
Disturbance Type 
Sample Site 
Abandonment date 
Plot Location 

1980 1956 - 1958 1961 1956-1957 1956-1958 

Disturbance Type 
Sample Site 
Abandonment date 
Plot Location RD RT RD RT ROW C C 

Disturbance Type 
Sample Site 
Abandonment date 
Plot Location 

F [FC F FC F |FC F |FC F 1FC F FC F FC 
Dwarf Trees/Shrubs 
Dryas octopetala 3.44% HI 4.38% I 1.25% I 2.50% 1 0.83% I 1.04% I ~ 
Salix arctica 0.47% I ~ ~ ~ ~ - _ 
Salix barrattiana 0.63% I _ 5.00% H ~ ~ -. ~ 
Herbs 
Erigeron compositus 0.78% I 2.34% I _ ~ 2.92% H 0.83% I 3.33% H 
Oxytropis podocarpa ™ ~ ~ _ ~ 1.56% I 5.45% IV 
Potentilla diversifolia 5.31% IV 9.53% IV 4.17% m 17.10% V 5.00% HI 2.19% m 0.83% I 
Potentilla nivea - 2.19% I -. 6.25% HI ~ 0.31% I 0.83% H 
Graminoids 
Deschampsia caespitosa ~ 3.91% I ~ ~ 0.42% I 0.31% I ~ 
testuca brachyphylla 1.25% n 3.28% n 6.25% IV 3.75% ffl ~ 0.52% I 1.25% n 
Poa sp. ~ 3.59% I ~ 10.42% II _ 0.10% I ~ 
Poa pratensis 0.16% I 3.75% n ~ 6.25% IV 3.33% V 2.29% III 1.25% n 
Sedges & Rushes 
Carex albo-nigra 3.28% II 2.81% I 0.42% I 1.25% n 2.50% H 0.21% I 0.42% I 
Moss & Lichen 
moss 6.56% III 2.81% H 11.25% IV 14.58% V 9.58% V 7.60% IV 17.50% V 
lichen _ 0.16% I 0.83% H 4.58% V 2.08% m 1.25% n ~ 
epipetric lichen _ ~ 4.17% I ~ 13.33% II ~ -
Other 
litter 2.50% ffl 5.16% IV 1.25% n 4.58% V 4.58% V 3.23% III 1.67% IV 
Colonization Potential 
gravel/cobble/houlder 54.53% V 36.41% V 35.42% V 2.50% m 40.42% V 62.50% V 51.67% V 
bare ground 2.66% H 1.09% I 15.83% III 1.25% n 2.92% D 3.13% ffl 2.92% IV 
1. F=frequency (%); FC=frequency class (I-V); RD=road ditch; RTToad top; ROW=pipeline right-of-way; C=surface clearing; ~=species not present. 
2. Species included in the list are considered dominant species for one or more of the disturbance types (see subsection 5.4.2). 
3. Frequency and frequency classes highlighted in bold indicate that species was a dominant species for that particular disturbance type. 
4. Coloniztion Potential is described as the amount of bare ground vs. gravel/cobble/boulder available for additional vegetation colonization. 



Figure 5.6: Species Richness for the sample sites by disturbance type (road, 
pipeline right-of-way, well site/surface clearing) and sample plot 
location (UD, ND, RD, RT, ROW and C, C \ C") . 1 A 3 

a.) road: each species 
richness graph point 
represents a count of 
total number of 
different species 
recorded in 8 sample 
plots for Tl and 3 
sample plots for T3. 

b.) pipeline right-of-way: 
each species richness 
graph point 
represents a count of 
total number of 
different species 
recorded in 3 sample 
plots for T6. 

-Tl 

T3 

UD ND RD RT RT RD ND UD 
sample plot location 

35 

-16 

IT) ND ROW ROW 
sample plot location 

ND UD 

c.) well site/surface 
clearing: each 
species richness 
graph point 
represents a total 
number of different 
species recorded in 8 
and 2 sample plot 
records for 
undisturbed sites 
(UD, ND) in T2,5,7,8 
and T4 respectively, 
and similarly. 8 and 
2 for disturbed sites 
(C, C\ C"). 

1. Species Richness is defined as the total number of species in the community (Krebs, 1989). 
2. UD= undisturbed terrain (15 m from disturbance); ND= near disturbance terrain (5 m from disturbance); RD= road 

ditch; RT= road top; ROW= pipeline row, and; C= well site/surface clearing where C, C and C" are three sample sites 
taken at equal intervals across the disturbed site. 

3. Directional reference on figures represents location of sample plot with respect to disturbance area. 
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4 Tests of Similarity Within Sample Sites 

The S0rensen's Index of Similarity (ISs) based on species composition data within sample 

sites indicates a relatively high degree of similarity across sample plot locations (Table 

5.8). An ISS value greater > 50 is generally considered to indicate a high similarity 

between communities, representative of replicate samples within a single association 

(Mueller-Dombois and EUenberg, 1974; Curtin, 1995). Out of 113 comparisons of 

replicate samples within each location, 56 IS, values, or roughly 50 %, are over 50 (Figure 

5.8). The maximum ISS value was 77, and this was obtained between near disturbance 

plots on the east and west sides of Tl. (Table 5.8a). The minimum IS, value was 10, and 

this was obtained between undisturbed sample plots on the north and east sides and 

disturbed sample plots in the south and west portions of T4 (Figure 5.8.e). 

The distance of disturbed site sample plot location from a potential vegetation colonization 

source appears to be reflected in the data. Sites T2,T5,T7,T8 unanimously exhibit the 

lowest IS, values on sample plots located in the center of the well site/surface clearings 

compared to sample plots in undisturbed and near disturbance sites (Table 5.8.d). The 

results from site T4, demonstrate the lowest ISS values in two of the four comparisons 

between plots located in the center of the well site and the undisturbed and near 

disturbance locations (Table 5.8.e). 

Averages of values grouped inside of the two boxes indicates a relatively high similarity 

between sample plots located on comparable terrain (Table 5.8). Of the 10 averages, 

seven are ^50, with the highest being 71 on site Tl and the lowest being 43 on site T4. 

However, the averages of the disturbed vs. not disturbed (undisturbed and near 

disturbance) IS, values are also indicative of communities approaching high similarity. Of 

the five averages, sites Tl, T3, T6 and T2,T5,T7,T8 are ^45 but ^50, and site T4 is 27. 

The ISS values can be used to explore the nature of disturbed site revegetation on Plateau 

Mountain summit. As previously indicated, prevailing winds on the summit are from the 

southwest. If wind is a primary dispersal vector, higher ISS values would be expected 

between undisturbed sites (undisturbed and near disturbance) on the south and west sides 

of the disturbance and the disturbed sites (Table 5.9). In addition, comparing ISS values 
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between undisturbed sites and severely disturbed vs. less severely disturbed sites can shed 

light on the role of the seed bank and propagule pool in natural revegetation (Table 5.10). 

Analysis of average ISS values obtained between disturbed and undisturbed sites on the 

south and west vs. north and east sides of disturbance reveals higher similarity with the 

undisturbed vegetation community on the south and west sides for four of the five 

comparisons (Table 5.9). Analysis of the average ISS values obtained between undisturbed 

sites and severely vs. less severely disturbed sites on roads (Tl and T3) exhibits higher 

similarity with the severely disturbed sites on T3, and equal similarity with severely and 

less severely disturbed sites on Tl (Table 5.10). Sites T6, T2,T5,T7,T8 and T4 involved 

only one type of disturbance, less severe, severe and severe respectively, and as such 

comparisons are difficult. However, both die less severe disturbance on T6 and the severe 

disturbance on T2,T5,T7,T8 show fairly high similarity with undisturbed communities, 

while T4 exhibits the lowest similarity of all sample sites when compared with undisturbed 

communities. 
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Table 5.8: Within sample site comparison of flora via Sarensen Index of 
Similarity (IS,).1** 

a.) Sample Site T l : 3-17 access road. 

Plot Location Undisturbed Near Disturbance Road Ditch Roac Top 

E W E W E W E w 
Undisturbed E 100 

68 100 
70 66 

69 74 

X - 7 1 

100 

77 100 

X - 5 0 

w 
100 
68 100 
70 66 

69 74 

X - 7 1 

100 

77 100 
Near Disturb. E 

100 
68 100 
70 66 

69 74 

X - 7 1 

100 

77 100 W 

100 
68 100 
70 66 

69 74 

X - 7 1 

100 

77 100 

Road Ditch E 51 41 
50 55 
54 62 
45 50 

53 48 
52 51 
44 47 
43 54 

100 
55 100 
47 41 100 

53 

X = 46 

100 

W 
51 41 
50 55 
54 62 
45 50 

53 48 
52 51 
44 47 
43 54 

100 
55 100 
47 41 100 

53 

X = 46 

100 
Road Top E 

51 41 
50 55 
54 62 
45 50 

53 48 
52 51 
44 47 
43 54 

100 
55 100 
47 41 100 

53 

X = 46 

100 W 

51 41 
50 55 
54 62 
45 50 

53 48 
52 51 
44 47 
43 54 38 40 

100 
53 

X = 46 

100 

b.) Sample Site T3: 15-29 acces road. 

Plot Location Undisturbed Near Disturbance Road Ditch Road Top 

N S N S N S N | S 

Undisturbed N 100 
29 100 
50 33 
61 43 

X = 46 

100 

59 100 

X = 46 
S 

100 
29 100 
50 33 
61 43 

X = 46 

100 

59 100 

Near Dist. N 

100 
29 100 
50 33 
61 43 

X = 46 

100 

59 100 S 

100 
29 100 
50 33 
61 43 

X = 46 

100 

59 100 
Road Ditch N 42 36 

54 40 
41 37 
44 33 

44 61 
53 63 
48 42 
40 63 

100 

69 100 

35 33 

56 47 

X « 5 0 

100 

57 100 

S 
42 36 
54 40 
41 37 
44 33 

44 61 
53 63 
48 42 
40 63 

100 

69 100 

35 33 

56 47 

X « 5 0 

100 

57 100 

Road Top N 

42 36 
54 40 
41 37 
44 33 

44 61 
53 63 
48 42 
40 63 

100 

69 100 

35 33 

56 47 

X « 5 0 

100 

57 100 S 

42 36 
54 40 
41 37 
44 33 

44 61 
53 63 
48 42 
40 63 

100 

69 100 

35 33 

56 47 

X « 5 0 

100 

57 100 

c.) Sample Site T6: pipeline right-of-way. 

Plot Location Undisturbed Near Disturbance Pipeline ROW 
S N S N s I N 

Undisturbed S 100 
65 100 

60 61 
75 67 

X = 6 6 

100 
67 100 

X = 48 
N 

100 
65 100 

60 61 
75 67 

X = 6 6 

100 
67 100 

Near Dist. S 

100 
65 100 

60 61 
75 67 

X = 6 6 

100 
67 100 N 

100 
65 100 

60 61 
75 67 

X = 6 6 

100 
67 100 

Pipe ROW S 51 34 

47 46 

49 49 

50 56 
100 
58 

X - 5 8 
100 N 

51 34 

47 46 

49 49 

50 56 
100 
58 

X - 5 8 
100 

d.) Sample Site T2,5,7,8: 7-5 and 3-17 well sites and 2 surface clearing V 

Plot Location Undisturbed Near Disturbance Clearing 
S/W N E S/W N/E s/w [ C/C | N/E 

undist. s/w 100 X=-66 

70 100 
60 72 100 

61 67 67 100 

X = 46 

N/E 

100 X=-66 

70 100 
60 72 100 

61 67 67 100 

near dist. S/W 

100 X=-66 

70 100 
60 72 100 

61 67 67 100 N/E 

100 X=-66 

70 100 
60 72 100 

61 67 67 100 
clearing S/W 54 43 44 57 

45 31 29 42 
46 58 49 47 

100 

60 
61 

X = 60 

100 
59 100 

c/c 
54 43 44 57 

45 31 29 42 
46 58 49 47 

100 

60 
61 

X = 60 

100 
59 100 N/E 

54 43 44 57 

45 31 29 42 
46 58 49 47 

100 

60 
61 

X = 60 

100 
59 100 
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Table 5.8: ...continued.1 

e.) Sample Site T4: 15-29 well site. 

Plot Location Undisturbed Near Disturbance Clearing 

S'W N/E S/W N/E S/W | C/C N/E 

Undisturbed S/W 100 

52 100 
32 36 
41 69 

X = 43 

100 
29 100 

X = 27 

N/E 

100 

52 100 
32 36 
41 69 

X = 43 

100 
29 100 

Near Dist. S/W 

100 

52 100 
32 36 
41 69 

X = 43 

100 
29 100 N/E 

100 

52 100 
32 36 
41 69 

X = 43 

100 
29 100 

Clearing S/W 33 10 
16 18 
50 19 

35 15 
25 29 
44 22 

100 

26 
73 

X - 5 0 

100 c/c 
33 10 
16 18 
50 19 

35 15 
25 29 
44 22 

100 

26 
73 

X - 5 0 

100 
N/E 

33 10 
16 18 
50 19 

35 15 
25 29 
44 22 

100 

26 
73 52 100 

1. Mueller-Dombois and Ellenberg. 1974; Orloci, 1978, and; Sorensen, 1948 in Baig, 1992. 
2. Values included in boxes represent sample plots located on relatively similar terrain (i.e. disturbed vs. undisturbed). 
3. X= average of values in boxes (upper right hand corner of box) and values not in boxes (upper right hand corner of table). 

Table 5.9: Comparison of average ISS values between disturbed sites and 
undisturbed sites (undisturbed and near disturbance) on the south/west 
vs. north/east sides of disturbance. 

Undisturbed 
Site Tl Site T3 Site T6 Site T2... Site T4 

E W N S N S N/E S/W N/E S/W 
Disturbed 49 51 46 47 46 49 47 45 19 34 

Table 5.10: Comparison of average IS, values between undisturbed (undisturbed 
and near disturbance) sites and severely (S) vs. less severely (LS) 
disturbed sites. 

Disturbed 
Site Tl Site T3 Site T6 SiteT2... Site T4 

S LS S LS LS S S 
Undisturbed 50 50 49 43.5 48 45.5 26.5 

S4 



CHAPTER 6: DATA ANALYSIS 

6.1 INTRODUCTION 

This chapter presents an analysis of the data obtained during this study. The intent is to 

answer the specific project objectives outlined in Chapter 1. Specifically, section 6.2 

discusses the extent of disturbance. Section 6.3 deals with the climate, soil and wildlife 

data in order to establish the site specific environmental characteristics of the study area. 

Section 6.4 investigates the vegetation inventory data with respect to the plant species list 

and natural revegetation patterns on disturbances. Finally, section 6.5 assesses the state of 

natural recover}' of disturbed sites via within sample site data comparison and comparison 

with literature reports for similar sites. Review of this study's results (Chapter 6) and 

assessment of appropriate reclamation technologies (section 3.5) and ecological reserve 

goals and objectives (sections 3.5.1 and 2.2) will be used to develop specific 

recommendations for reclamation and site management in Chapter 8. 

6.2 EXTENT OF DISTURBANCE WITHIN THE ECOLOGICAL 
RESERVE BOUNDARY AND SAMPLE SITE CHARACTERISTICS 

Disturbances on the Plateau Mountain summit are confined to relatively small areas (i.e. 

approximately 2.3 % of the total Ecological Reserve area), with little unnecessary 

development beyond that required for site exploration and production (Figures 2.4 and 

4.1). Very little to no non-native material (i.e. material transported to summit for road, 

well site/surface clearing, pipeline or facility construction) leftover from exploration and 

production activity was observed on the abandoned sites. However, disturbed terrain is 

distributed across the extent of the summit north to south, and east to west at the south end 

of the summit. 

Gentle slopes, characteristic of the Plateau Mountain summit, generally preclude the 

potential for water erosion and slumping, issues that frequently affect mountain 

development projects. However, erosion in the ditch along the east side of the road near 

the north end of the 3-17 access road (site Tl) is worth addressing from a reclamation 

perspective (Figure 4.1, 4.2, Plate 5.1 and section 5.2). This site is likely the result of run

off collection from two long, gentle slopes; one sloping south to north along the 3-17 
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access road and the other sloping east to west perpendicular to the 3-17 access road. The 

road bed intercepts the natural pattern of flow down the west flank of the summit. This 

section of the ditch is sparsely vegetated, and contains a high amount of gravel and cobble 

size rock. The outflow portion on the opposite side of the culvert is stable and vegetated 

similar to adjacent ditch portions. If this pattern of run-off is allowed to continue, it may 

eventually washout the road bed along this portion of the right-of-way. Reclamation 

measures for this site are discussed in section 8.1.2.3.1. 

The downslope movement of scree into krumholz vegetation on a portion of pipeline right-

of-way (site T6) on the southwest flank of the Plateau Mountain summit does not appear 

to be a major erosion concern (Figure 4.1, 4.2, section 5.2 and Plate 5.2). As evidenced in 

Plate 5.2, scree movement is prevalent on this, and most other slopes descending from the 

Plateau Mountain summit. Due to the extremely steep slope, any attempt to stabilize this 

naturally unstable site or to aesthetically blend the disturbed area into its surroundings 

would likely prove futile. 

Although wind erosion is likely present on the Plateau Mountain summit, its effect does not 

present an obvious concern on the disturbed sites as indicated by the relatively successful 

revegetation of disturbed sites. Furthermore, because of the potentially extreme wind 

speeds that can be reached on the summit, attempts to stabilize terrain and counteract wind 

and water erosion are likely to eventually blow away. Chambers et al. (1990) evidenced 

this in their attempt to use mulch to stabilize soil and enhance soil water and nutrient 

potential on revegetation research plots on the Beartooth Plateau, a similarly windy alpine 

site. Surface texturing and strategic placement of on-site rock and boulders to increase 

roughness would create wind turbulence that effectively reduces near surface wind speed, 

and possibly mitigates wind erosion. 

Prominent periglacial features, such as sorted stripes and polygons, disturbed by 

construction activities on the Plateau Mountain summit are not likely to naturally return to 

pre-disturbance conditions. These features are very old in origin, as indicated by the 

extensive lichen mats covering the exposed surface of stones. Thus, despite the confirmed 

existence of permafrost (Harris, 1979 and 1981; Harris and Brown, 1979 and 1982), and 

the present day climatic conditions that allow for its maintenance (Woods, 1977; Harris, 

1995). the massive cryoturbation required to recreate some of the sorted patterned ground 
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features disturbed by construction does not appear to exist. Woods (1977) attributed the 

extreme depth to permafrost on the Plateau Mountain summit (i.e. 30 -50 m by Harris and 

Brown, 1982; 4.48 to 7.10 m by Woods, 1977) as reason for the absence of temperature 

records that indicate up-freezing processes from the permafrost table. However, smaller 

scale cryoturbation and sorting, caused by daily as well as annual freeze thaw cycles, 

within 50 cm of the surface are frequent (Bryant, 1968; Woods, 1977), and produce frost 

boils, exposed soil, ejected stones and hummock like terrain on both undisturbed and 

disturbed sites. 

CLIMATE, SOILS AND WILDLIFE OBSERVATIONS 

The temperature, wind and precipitation observations recorded during this study generally 

agree with trends recorded in literature for the climatic conditions of alpine tundra sites in 

the Rocky Mountains (section 3.2). Although detailed climatic studies were not 

undertaken, one can infer from the observations made that the 1997 growing season 

temperatures on the Plateau Mountain summit were generally low and winds were 

characteristically strong relative to lower elevation sites In addition, as expected for the 

front ranges of the Rocky Mountains, precipitation was minimal during the study period. 

Frost and snow/ice crystals were observed on one occasion, and it is likely that such events 

occurred more frequently during the study, but were undetected. 

Soils in the study area exhibit features described in the literature for alpine and permafrost 

regions, such as poorly defined horizons, slow development, cold temperatures, coarse 

texture and low nutrient and moisture holding capacity (section 3.2). Soils underlying 

undisturbed turf vegetation areas, although the best developed soils in the study area, are 

cold, shallow, exhibit weak horizon development and are strongly influenced by 

cryoturbation. Of concern to this project, soils underlying disturbed sites were generally 

coarse textured, low in organic matter and consequently, are likely deficient in nutrient and 

moisture availability. These soil characteristics were more prominent in the severely 

disturbed sites than in the less severely disturbed sites, and this may in part explain the 

difference in revegetation patterns and revegetation success between the two disturbance 

types. These differences will be further discussed in the sections 6.4 and 6.5. 
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Although detailed soil data were not obtained, a number of inferences can be made from 

the observations made in undisturbed and disturbed plot locations along each sample site. 

Most importantly, the increase in soil temperatures noted on disturbed sites, in particular 

on sparsely vegetative sites, compared to undisturbed sites suggests that removal of the 

vegetative and organic layers can lead to permafrost degradation and soil wanning 

(subsection 3.3.2: Brown and Pewe, 1973; Harris, 1981 and 1986; Hayhoe and Tarnocai, 

1993; Nicholas and Hinkel, 1996; Swanson, 1996). However, permafrost degradation 

does not appear to be a significant issue on disturbed sites. Disturbances are relatively 

flat, with little ground settling, water ponding or karst-like topographic features, which 

would be expected from the melting of ground ice. This may be a reflection of the 

relatively coarse soil texture characteristic to the Plateau Mountain summit. Pore space 

present in coarse soils may allow ice expansion and contraction without disrupting surface 

features. Subsurface soil temperatures appear higher on disturbed sites. Whether these 

temperatures penetrate to the permafrost table is not discernible from study observations. 

Both Woods (1977) and Harris and Brown (1982) indicate relatively large depth to 

permafrost measurements, and it is possible for disturbances of relatively small scale (e.g. 

roads and well site construction vs. mining) to have only negligible affect on subsurface 

ground temperatures (Hills, pers. comm, 1997). Furthermore, following revegetation, 

previously degraded permafrost has been shown to return in areas where the climate is 

conducive to permafrost formation (subsection 3.3.2). As was explained by Woods 

(1977), the current state of Plateau Mountain's permafrost is relatively stable and 

controlled by the present day climate (section 2.5), suggesting that permafrost aggradation 

is possible under revegetated sites. 

Slight increases in soil temperature may create a more hospitable environment for 

revegetation. Increased temperature following disturbance can increase rates of 

decomposition and may contribute to higher nutrient availability (Chambers et ah, 1990). 

Even as warmer soil temperatures may be more conducive to revegetation, high summer 

solar radiation characteristic of alpine environments may lead to short term situations of 

extremely high temperatures on bare soils that could compound existing soil desiccation 

and inhibit plant establishment and survival (section 3.2). Evidence for this level of soil 

temperature was not observed during the study, and may be attributed to the cooling effect 

of the relatively strong winds present during each field day. 
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Disturbances on the Plateau summit do not eliminate wildlife use of the area. In fact, 

abandoned roads provide easy travel terrain compared to undisturbed sites and evidence of 

their use was noted by the presence tracks (e.g. Bighorn sheep), droppings (e.g. Bighorn 

sheep, carnivore) and wildlife observations (e.g. wolf, hoary marmot). Pika appear to have 

benefited from habitat created during well site construction, particularly on the east end of 

the abandoned 15-29 well site (site T4). Surface clearing for the well site produced an 

ideal boulder field, protected from prevailing west winds and overlooking a vegetated slope 

interspersed with patterned ground. 

However, the negative effects of development on wildlife within the study area have 

previously been recorded by Horejsi (1993). During a cumulative effects overview of the 

Plateau Mountain area, Horejsi found that female bands of Bighorn sheep are attracted to 

chemical substances found around drilling and production leases and he observed that 

sheep had been burnt at flare pits. In addition, as with most development projects, 

increased road density and facility construction limit wildlife habitat effectiveness through 

increased habitat fragmentation, human access, hunting pressure, line of sight situations, 

and air and noise pollution. However some efforts have been made to mitigate these 

issues. Flare pits on the Plateau Mountain summit were replaced with stacks, and in 

September of 1997, were tested for contaminants and reclaimed by Husky representatives 

(Follett, pers. comm., 1997). In addition, since Ecological Reserve designation, public 

access to the Plateau Mountain summit is limited to non-vehicular traffic and hunting is 

prohibited (Alberta Environmental Protections, 1998). However, wildlife populations are 

vulnerable to hunting pressure in the immediate vicinity of the reserve. 

VEGETATION INVENTORY DATA ANALYSIS 

Natural revegetation patterns on the Plateau Mountain summit disturbances will be 

analyzed with respect to the plant species list, disturbance type (road, pipeline, well 

site/surface clearing) and severity (severe, less severe), adjacent, undisturbed terrain and 

the time since disturbance and abandonment. 
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4.1 Vegetation Inventory Species List 

6.4.1.1 Total Plant Species Records 

The vegetation inventory species list (Table 5.5) and additional species list (Table III.2) 

generally concur with results reported in the literature for both undisturbed and disturbed 

site alpine/arctic tundra vegetation (subsection 3.4.1). With few exceptions, all vascular 

plants classified for this study are considered native, perennial species, approximately 80% 

were represented in both successional (e.g. severely and less severely disturbed) and 

relatively stable (e.g. undisturbed and near disturbance) sites, and most are described as 

high elevation in distribution. Plant forms were invariably low growing, and many are 

characterized as cushion or sprawling plants. Shrubs and trees exhibit characteristic 

krummholz forms found in windy, alpine environments, and were limited in distribution to 

wind protected sites. These findings demonstrate what Chambers (1993 and 1995a) 

referred to as a limited number of viable life histories found in alpine/arctic tundra 

environments. In addition, plant list results indicate natural recovery patterns of vegetation 

communities, in terms of plant species presence, on human induced disturbances, as would 

be expected on naturally disturbed sites. This has implications for reclamation, as this 

study suggests that natural recovery of vegetation communities, based on species presence 

alone, appears to be effective on the Plateau Mountain summit disturbances. The 

following paragraphs address exceptions in vegetation inventory plant list to what is 

considered characteristic alpine/arctic tundra vegetation. This discussion is intended to 

contribute to the evaluation of the recovery' of disturbances in terms of protection of plant 

genetic material within the ecological reserve. 

Of all plant species recorded in this study, only Taraxacum officianale (common 

dandelion) and possibly Poa pratensis are considered not native to the Plateau Mountain 

region. T. officianale is an introduced, aggressive weed species that is generally a quick 

and successful colonizer of waste grounds, roadsides and lawns (Moss, 1994). Although 

not identified on plot locations, T. officianale, was observed in high vehicle use areas such 

as the summit access road top and ditch, the 5-32 and 6-29 well sites, and the abandoned 

3-17 road branch point from the summit access road. When observed in early to mid July, 

these plants were visibly stressed and many had not flowered, and likely would not 

complete a reproductive cycle that season. It is likely that T. officianale on the Plateau 
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summit is attributed to seed dispersal by daily vehicle passage by Husky field staff and 

permit vehicles. T. officianale does not appear to present a weed problem at any locations, 

disturbed or otherwise, on the Plateau Mountain summit. 

In the Plateau Mountain region, samples of P. pratensis may include both introduced and 

native elements, however, the two are generally indistinguishable (Moss, 1994). P. 

pratensis is circumpolar in distribution, but most often found in prairie and woodland 

areas (Moss, 1994). Although present in both undisturbed (i.e. undisturbed and near 

disturbance) and disturbed plot locations (i.e. severe and less severe), the frequency and 

frequency class values of P. pratensis were higher in disturbed plot locations for all 

sample sites (Tables 5.5 and 5.6). P. pratensis appears to be a relatively significant 

colonizer of disturbed ground, appearing as a dominant species along the site T3 road top 

(Figure 5.2), the site T6 pipeline right-of-way (Figure 5.3) and the site T2,T5,T7,T8 well 

site/surface clearing (Figure 5.4). 

The high number of plant species (57/71 or 80%) found in both disturbed and undisturbed 

sites reflects Chambers (1993) finding that contrary to lower elevation and latitude areas, 

early serai plant species often persist into late serai communities in alpine and arctic areas. 

Chambers concluded that this reflects, in part, the low numbers of species with life-history 

traits adapted for survival and persistence in the extreme tundra environment. 

Furthermore, this may provide partial explanation for the relatively high floristic similarity 

(ISS) between disturbed and undisturbed vegetation communities in this study (Table 5.8). 

Subsection 5.4.1.2 introduced two primary differences between the composite Bird (1990) 

and Droppo (1990) list presented in Appendix III (Table III.2) and the vegetation inventory 

species list obtained for this study. First, there are an additional 94 vascular plant species 

records on the composite Bird (1990) and Droppo list (149 species) that are not present on 

either of the vegetation inventory' species or additional species lists (55 species) (Tables 5.5 

and III. 1). A number of variables may contribute to this difference, and they are explained 

in the following. 

The Bird (1990) and Droppo (1990) composite list encompasses vegetation found over the 

extent of the above treeline region on Plateau Mountain, whereas this study was limited to 

areas on and adjacent to disturbances that are roughly located along the relatively flat, 
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exposed summit center's north-south axis. Consequently, a relatively large, and 

ecologically different portion of the above treeline area of Plateau Mountain was not 

sampled. This includes sites such as, or similar to the following: extensive, lower 

elevation alpine meadow on the west flank of the summit along the summit access road; 

alpine slopes flanking the east side of the summit along sample site Tl (Figure 4.1). Late 

lying snow banks, less or more severe wind exposure and variable aspect, topography and 

elevation will enhance the ecological diversity of the larger encompassing area. 

Furthermore, this study's sampling was confined to a three week period over the course of 

one field season, whereas, the composite Bird (1990) and Droppo (1990) list has likely 

been a cumulative effort of vegetation sampling over the course of greater seasonal change 

and higher sample years. Year to year difference in seed viability and as such, plant 

species, is recognized by Chambers (1995b) for alpine/arctic tundra sites, and this may 

play a role in the variability in species list records. Finally, plant classifications limited to 

genus level in this study because of immature specimens, consciously limited voucher 

collection, and difficulty of field differentiation between species have been classified to 

species in the composite Bird (1990) and Droppo (1990) list (e.g. Draba sp., nine species 

identified by Bird and Droppo vs. one in this study; Minuartia spp., five species vs. two; 

Castilleja sp., two species vs. zero; Rumex sp., one species vs. zero). 

The second difference from the composite Bird (1990) and Droppo (1990) list are the 

additional 20 species recorded in this study's vegetation inventory (Table 5.5) and 

additional species (Table III. 1) lists, which include: Salix barrattiana, S. commutata, S. 

glauca, S. vestita, Dodecatheon sp., Oxytropis nigrescens, O. sericea, Polygonum 

bistortoides, Potentilla hyparctica, P. nivea, Saxifraga nivalis, Sedum lanceolatum, 

Stellaria monatha. Agropyron violaceum, Poa pratensis, P. sandbergii, Carex albo-

nigra, C. maritima, C. obtusata, Kobresia myosuroides, Selaginella densa. However, of 

these 20 species, 11 were recorded by Harris (1991) along a traverse from Chain Lakes, 

over the summit of Plateau Mountain and down to Cataract Creek, at elevations including 

those encountered along the Plateau Mountain sample sites (S. barrattiana, S. glauca, 

Dodecatheon sp., O. sericea, P. hyparctica, S. lanceolatum, A. violaceum, P. pratensis, 

C. albo-nigra, K. myosuroides and S. densa). 
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Salix commutata, S. vestita and Oxytropis nigrescens were recorded on disturbed sites 

only, and this may explain their absence from the composite Bird (1990) and Droppo 

(1990), and Hams (1991) lists. In terms of expected species distributions, S. vestita and 

O. nigrescens are both alpine species, and S. commutata is common in subalpine thickets 

(Moss, 1994). In this study, S. commutata and S. vestita records were limited to road 

ditch locations along site Tl only. It is likely that wind protection and water ponding 

afforded by the road ditch provide a unique location for these species to disperse to, 

establish and survive. 

Polygonum bistortoides, Potentilla nivea, Saxifraga nivalis, Stellaria monatha, Carex 

maritima, C. obtusata and Poa sandbergii are not found on either of the Bird (1990) and 

Droppo (1990) or Harris (1991) lists. However, all but Polygonum bistortoides, Poa 

sandbergii and Carex obtusata are typical alpine species with distributions extending into 

the Plateau Mountain area (Moss, 1994) Polygonum bistortoides is a typical mountain 

meadow, stream bank species (Moss, 1994), and in this study, was recorded in only two 

locations, both along site Tl. The first record of P. bistortoides was in a water collecting 

depression in a road ditch. This site was damp, well vegetated and exhibited a good root 

layer. The second record was in a near disturbance location, in a moderately concave 

micro-site, exhibiting cold soil temperature and high moisture holding capacity. Poa 

sandbergii is typically a dry plains species (Moss, 1994), and in this study was recorded at 

relatively low frequencies (0.16% to 1.25%) and frequency class (I) in one road top plot 

along Tl, and in one road top plot and a relatively dry, gravely near disturbance plot 

location along T3. MacKinnon et al. (1992) describe Carex obtusata as generally 

occupying low to medium elevations, but also dry sites and open, rocky or sandy slopes in 

subalpine zones in northern British Columbia. C. obtusata appears as a dominant species 

on undisturbed and near disturbance plot locations for site T6 and on undisturbed plot 

locations for site T3. Ecological descriptions of these sites indicated substantially dryer 

conditions than those observed on sample sites further north on the summit. On disturbed 

plot locations, C. obtusata was observed only on well site/surface clearings (e.g. sites T4 

and T2,T5,T7,T8), and at substantially lower frequency values than on undisturbed and 

near disturbance plot locations. 
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6.4.1.2 Plant Species Distribution by Disturbance Type 

Based on species distribution by disturbance type (i.e. undisturbed, near disturbance, 

severe disturbance and less severe disturbance), it appears that most of the species 

colonizing disturbances on the Plateau Mountain summit are representative of existing 

vegetation communities (Table 5.5). Roughly 80 %, or 57/71, of the plant species 

recorded in the vegetation inventory were found on both disturbed (severe and less severe) 

and not disturbed (undisturbed and near disturbance) sites. Eleven of the 57 species were 

recorded in near disturbance and disturbed locations only, and this finding may reflect 

dispersal of species to disturbed and near disturbance vegetation communities from non-

summit sources, and as such, incursion on the summit vegetation genetic pool. However, 

of these 11 species, Salix barrattiana, Polygonum bistortoides, and Poa sandbergii are 

the only species not also included in the composite Bird (1990) and Droppo (1990) species 

list. 

Of interest to this study, ten species were recorded exclusively on disturbed sites during the 

vegetation inventory, including: Campanula uniflora on less severe disturbance; Picea 

engelmannii, Salix commutata, S. vestita, Pedicularis bracteosa, Phacelia sericea and 

Sibbaldia procumbens on severe disturbance, and; Epilobium angustifolium and 

Saxifraga caespitosa on both severe and less severe disturbance. This finding may be 

reflective of dispersal of species to disturbed vegetation communities from non-summit 

areas. However, of the ten species, only Salix commutata and S. vestita are species not 

previously recorded in the composite Bird (1990) and Droppo (1990) species list. Their 

presence is likely attributed to seed dispersal from lower elevation sites to the relatively 

protected ditches created by road construction. Although the remaining eight species were 

previously observed in summit vegetation communities, their absence from undisturbed 

and near disturbance plots indicates that they are not abundant near summit disturbances. 

Furthermore, their presence on disturbed sites is indicative of their colonization ability. 

The colonization ability of these species warrants their further consideration as possible 

alpine seed mix species. 

Lichen distribution on disturbed sites demonstrates the advantage that less severe 

disturbances have over severe disturbances in terms of maintaining species richness. This 

advantage underscores the importance of contouring of soil layers to pre-disturbance 
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conditions following site abandonment. Individual lichen species exhibit developmental 

characteristics suggesting growth over periods approaching thousands of years, whereas 

others attain full development within a few months (Glaholt et al., 1997). Lichen 

reproduction in many species is primarily associated with the asexual production of new 

propagules (i.e. soredia and isidia) or by fragmentation of the lichen thallus (i.e. body) 

(Vitt et al., 1988). By virtue of these features, recovery of lichen communities on 

disturbed sites is improved by the presence of a propagule pool. An enhanced state of 

recovery of lichen communities on the less severely disturbed sites vs. severely disturbed 

sites was demonstrated, in particular on the site T3 road top, by higher frequency and 

frequency class values. Plate 6.1 illustrates lichen colonization of at least two Cetraria 

spp. and unidentified epipetric lichen. Peltegera sp. and Thamnolia subuliformis were 

also frequently observed on the site T3 road top. 

6.4.2 Sample Site Revegetation Patterns 

6.4.2.1 Road Disturbance: Sites Tl and T3 

Revegetation of the abandoned road right-of-ways (sites Tl and T3) appears to have 

involved two pathways: 1.) primary succession in the road ditch resulting from removal of 

the vegetation and surface soil horizons (severe disturbance), and; 2.) secondary succession 

on the road top, which although disturbed during construction, is essentially a blend of 

surface soil horizons, vegetation and organic material from either ditch side (less severe 

disturbance). 

Sites Tl and T3 were constructed around 1956 to access the 3-17 and 15-29 well sites 

respectively (Figures 4.1 and 4.2). Both were built by scraping the surface layers of native 

materials from either ditch side into a road bed ranging from 1 to nearly 2 m in height 

along its length. Although the 3-17 well was drilled in 1956 and abandoned in 1957 (40 

years ago), regular travel on site Tl continued until installation of a locked gate in 1980, 

and occasional travel by special permission continued until 1989, when full access 

restrictions were put in place. The 15-29 well site was not drilled, and site T3 was likely 

abandoned almost immediately, with little post construction traffic. Site Tl has been 

allowed to revegetate naturally with limited vehicle traffic since 1957 (40 years ago), and 
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essentially without vehicle traffic since 1989 (8 years ago); whereas site T3 has been 

naturally revegetating without vehicle traffic since 1956 (41 years ago). Both road tops 

exhibit vehicle track depressions, demonstrating the importance of restricting vehicular 

access in order to promote revegetation. 

Undisturbed and near disturbance vegetation along site Tl appears to be dominated by 

vascular plants such as Dryas octopetala, Carex albo-nigra and Potentilla diversifolia 

and non-vascular representatives of epipetric and terricolous lichen and moss (Figure 5.1). 

Some of the dominant undisturbed and near disturbance plant species also appear as 

dominant plant species in primarily the road ditch (P. diversifolia, D. octopetala, C. albo-

nigra and moss), but also the road top (P. diversifolia, D. octopetala, and Deschampsia 

caespitosa) plot locations. This may be reflective of the low seed bank viability on the site 

Tl road top after 33 years of vehicular use (i.e. 1956 to 1989). This site may have relied 

more heavily on seed rain for colonization, and as such, similarity between dominant 

undisturbed and disturbed ground plant species may be higher. This is further evidenced 

by the average IS, values along site Tl (S0rensen's Index of Similarity: Table 5.8). IS, 

for undisturbed and near disturbance plot locations vs. road ditch and road top locations is 

50, indicating a relatively high similarity between the undisturbed and disturbed vegetation 

communities along site Tl. Gravel, although most dominant on severely disturbed sites, is 

also prevalent on the site Tl road top. This may be due to the relatively recent 

abandonment of site Tl compared to other less severely disturbed sites. 

Unlike the shrub tundra vegetation found along site Tl, vascular vegetation in undisturbed 

and near disturbance plots along site T3 is dominated by herb-sedge/rush species such as 

Potentilla diversifolia, Carex obtusata, C. albo-nigra and Kobresia myosuroides. This 

may, in part, be explained by the more southerly exposure of site T3, and generally dryer 

and warmer soil conditions found there. In addition, excepting P. diversifolia on the road 

top, dominant vascular plant species of the undisturbed and near disturbance plots along 

site T3 are not represented as dominant species on the road ditch and road top plot 

locations (Figure 5.2). Based on dominant species, graminoids appear to be successful 

colonizers in both the road ditch and road top disturbed locations along site T3. However, 

sedge and rush species such as Carex albo-nigra, Kobresia myosuroides and Luzula 

spicata are found in one or both of the road ditch and road top plot locations. This 
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predominance of grass, but presence of sedge and rush species on disturbed sites may 

reflect Rikhari et al. 's (1993) finding that grasses predominate early on in secondary 

succession of alpine Himalayan meadows, with sedges increasing thereafter 

The nature of road construction on the Plateau summit left road ditches devoid of surface 

soil layers and the accompanying vegetation, seed bank, propagule pool and organic 

matter. As such, initial colonization of the road ditches likely relied on seed production 

and dispersal from adjacent communities. This is reflected in the similar dominant species 

composition along site Tl (Figure 5.1), and the high IS, comparisons between the 

undisturbed and road ditch (severely disturbed) plot locations along sites Tl (ISS = 50) and 

T3 (ISS = 49) (Table 5.10). Although only moderately reflected in the data, the slightly 

higher ISS value between undisturbed vegetation south and west vs. north and east of 

disturbance and disturbed vegetation (Table 5.9), suggests that the prevailing 

southwesterly wind plays a primary role in seed dispersal on the Plateau Mountain summit. 

Animal seed dispersal, although not empirically documented, is likely also occurring from 

undisturbed to disturbed locations as hoary marmot are plentiful along site Tl and were 

often observed crossing and/or traveling on the disturbance. 

The less severely disturbed road top plot locations along sites Tl and T3, illustrated 

greater variation from undisturbed vegetation than the severely disturbed sites by way of 

unique dominant species composition for both Tl and T3, and a lower average 1SS value 

for T3. On site Tl Deschampsia caespitosa appears as a dominant species on the road 

top only, although at a relatively low frequency class (I) (Figure 5.1). On site T3, Poa sp., 

P. pratensis and Potentilla nivea appear as dominants on the road top only (Figure 5.2). 

This can be expected in less severely disturbed sites as colonization depends not only on 

wind dispersal, but on an existing seed bank and propagule pool that contains species no 

longer represented, or of diminished representation, in late serai communities (Ebersole, 

1989; Chambers, 1993; Chambers, 1995a). Furthermore, Chambers et al. (1990) found 

that D. caespitosa and P. diversijolia seeds exhibit delayed emergence and relatively high 

seed longevity, both characteristics of persistence in the seed bank. This may explain the 

presence of D. caespitosa as a dominant species along the Tl road top, even though it 

exhibits low frequency and frequency class in adjacent undisturbed terrain, and P. 

diversijolia as a dominant species along all of the less severely disturbed sites (e.g. sites 
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Tl and T3 road tops and site T6 pipeline right-of-way). In addition, vehicle traffic along 

the road tops may have dispersed seed and/or vegetative propagules from areas further 

removed from sites Tl and T3. 

Disturbances in alpine/arctic tundra environments are numerous, and can lead to increased 

variability in vegetation communities (Bryant and Scheinburg, 1970; Kmarkora and 

Weber, 1980; Svoboda and Henry, 1987; Chambers, 1995a; Curtin, 1995; Harper and 

Kershaw, 1996). This may contribute to the species richness trends observed across 

transects on road disturbances, in particular on site T3 (Figure 5.6). Species richness on 

site T3 was generally highest in road top and then near disturbance plot locations and 

lowest in road ditch and undisturbed plot locations. 

The high species richness found in the road top plots is likely a result of the variety of 

species life histories (e.g. early, medium and late serai species) colonizing the site from a 

variety of sources (e.g. seed bank, vegetative propagule pool, and seed rain). The 

relatively high species richness observed on the near disturbance plots may reflect the 

influence of species colonization from disturbed sites into the relatively stable, near 

disturbance terrain. Chambers (1993) found that despite lower vegetation cover and 

species numbers, severely disturbed borrow pits on Beartooth Plateau exhibited higher 

seed rain densities than did the undisturbed turf vegetation. Furthermore, small scale 

disturbances caused by small mammal burrowing and cryoturbation create microsites for 

species invasion. Seed production and dispersal from disturbed site species to small scale 

disturbances on near disturbance terrain may be occurring. This pattern is likely, in part, 

responsible for the presence of a number of species in severely and/or less severely 

disturbed terrain and near disturbance terrain only (e.g. Salix barrattiana, Achillea 

millefolium, Cassiope tetragona, Draba sp., Oxytropis splendens, Polygonum 

bistortoides, Saxifraga cernua, Stellaria longpipes, Taraxacum cerataphorum, Poa 

sandbergii and Trisetum spicatum) (Table 5.5 and section 6.4.1.2). 

By virtue of severe site conditions, the road ditch locations exhibit relatively low 

colonization potential and as such, low species richness. The undisturbed terrain plots 

exhibit relatively low species richness, as is the trend in the relatively more stable 

vegetation communities, far removed from disturbed site colonizing species. In these sites, 

small scale disturbances are likely colonized by nearby species either by vegetative or 
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reproductive means. Chambers (1993) found that on undisturbed turf vegetation on the 

Beartooth Plateau, long-lived species with low seed production and seed longevity can 

successfully fill small scale disturbances via vegetative growth. 

Although site Tl exhibits some of the same trends in species richness as T3, the high 

species richness found on the T3 road top is not prevalent on the Tl road top. In fact, 

species richness on the Tl road top is the lowest of those recorded across the transect. 

This is likely a result of delayed revegetation due to use of the road until 1989. The 

overall higher species richness obtained for site Tl vs. site T3 is more an influence of 

substantially greater sample size, eight vs. three vegetation plots on sites Tl and T3 

respectively, than actually an indication of higher species richness along site Tl. 

6.4.2.2 Pipeline Disturbance: Site T6 

Revegetation of the pipeline right-of-way (site T6) appears to have followed primarily one 

pathway: secondary succession resulting from disturbance and subsequent replacement of 

the surface soil horizons (less severe disturbance). The pipeline was constructed about 

1961, and the site has been naturally revegetating since then (roughly 36 years) (Figures 

4.1 and 4.2). 

Undisturbed and near disturbance vegetation along site T6 appears to be dominated by 

vascular plants such as Dryas octopetala, Carex obtusata, C. albo-nigra and Potentilla 

diversifolia, with slightly lower frequencies of dominant nonvascular plant classes such as 

moss and terricolous lichen (Figure 5.3). However, there is also a relatively high 

frequency and frequency class of gravel/cobble/boulder, primarily on the undisturbed 

sample plots. Site T6 extends over the southwest edge of the Plateau Mountain summit, 

and near transect 6.1 slopes in excess of 50% are encountered. Examples of Felsenmeer 

surface were observed at this local, as were frost boils and sorted stripes and polygons 

closer to the summit, near transects 6.2 and 6.3. These rock features likely account for the 

predominance of gravel/cobble/boulder records along undisturbed and near disturbance 

terrain on site T6. 

By way of species dominance on the pipeline right-of-way, dominant nonvascular classes, 

primarily epipetric lichen and moss, were found at higher frequencies than the dominant 
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vascular plants such as Potentilla diversifolia and Poa pratensis (Figure 5.3). The 

apparent predominance of epipetric lichen on the right-of-way is mainly attributed to the 

relatively small sample size (six vegetation plots), and as such, the influence of transect 6.2 

sample plots which traverse an area of sorted stripes. The lichen covered stone patterns 

disturbed by pipelining activity, were randomly redistributed over the right-of-way in the 

vicinity of transect 6.2, and were recorded in relatively high frequency (13%), but low 

frequency class (II). P. diversifolia is a dominant colonizer of the disturbed pipeline right-

of-way. This is likely, in part, due to its ability to colonize from a relatively persistent seed 

bank source (Chambers et al, 1990), along with seed rain from adjacent, undisturbed 

communities. As in site T3, P. pratensis appears as a dominant species on the less 

severely disturbed terrain but not on the undisturbed or near disturbance terrain. This may 

be evidence for presence of P. pratensis in the seed bank of less severely disturbed sites, or 

of introduction of P. pratensis by construction traffic. 

Although the remaining dominant vascular plants found in undisturbed and near 

disturbance plots along T6 do not appear as dominant species on the right-of-way, all but 

Car ex obtusata were recorded (Table 5.6). In addition, the average IS, value of 48 for 

disturbed vs. not disturbed terrain indicates a strong floristic similarity between the two 

vegetation communities (Table 5.8). 

As on site T3, the average IS, value comparing undisturbed vegetation south and north of 

the disturbance with the disturbed vegetation indicates slightly higher similarity between 

undisturbed vegetation on the south side {IS, = 49) vs. the north side {IS, = 46) (Table 5.9). 

Again, this may be explained in part by the role of the prevailing southwesterly wind in 

seed dispersal. 

In general, species richness along site T6 corresponds with trends observed for site T3 

(Figure 5.6). Transects showed slightly higher species richness on near disturbance plots 

and less severely disturbed plots than on undisturbed plots, except for disturbed plots on 

the north side of the right-of-way. The lower species richness value on disturbed plots on 

the north side of the right-of-way is attributed to the predominance of epipetric lichen on 

disturbed, patterned ground stones on transect 6.2 which leads to a misrepresentation of 

disturbed site plot data in a small sample size. Species richness was based on only three 
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plots on the north half of the right-of-way, of which epipetric lichen in one plot had a 

frequency value of 77.5 %. 

6.4.2.3 Well Site/Surface Clearing Disturbance: Sites T2,T5,T7,T8 and T4 

For the most part, revegetation of the well site/surface clearings (sites T2,T5,T7,T8 and 

T4) involved one pathway: primary succession resulting from removal of the vegetation 

and surface soil horizons (severe disturbance). Site T2,T5,T7,T8 is a composite sample of 

four individual disturbances located on the east side of site Tl (the 3-17 access road), and 

likely all created about 1956 (Figures 4.1 and 4.2). Site T2, the 7-5 well site, was 

constructed near the east edge of the Plateau Mountain summit between 1956 and 1958. 

The 7-5 well was not drilled, and as such, was likely immediately abandoned (39 to 41 

years ago). Site T5 is the 3-17 well site constructed and drilled in 1956 near the north end 

of the Plateau summit. The 3-17 well site was abandoned in 1957 (40 years ago), and was 

likely used as a parking area for vehicles traversing the Plateau summit up until 1989. The 

3-17 well site was leveled approximately 10 years ago as part of site clean-up. Sites T7 

and T8 are surface clearings similarly constructed as the well sites, but at smaller scale. 

They were likely built during construction of the 3-17 access road in 1956, and abandoned 

within one year post construction (about 40 years ago). Site T4, the 15-29 well site, was 

built between 1956 and 1958, never drilled and probably abandoned immediately (between 

39 and 41 years ago). 

Undisturbed and near disturbance vegetation along site T2,T5,T7,T8 appears to be 

dominated by vascular plants such as Dryas octopetala and Potentilla diversifolia and 

non-vascular representatives of epipetric and terricolous lichen and moss, similar to the 3-

17 access road (site Tl) along which they are located (Figure 5.4). Gravel/cobble/boulder 

is also a predominant terrain feature of undisturbed and near disturbance plots, and this is 

likely a result of extensive patterned ground and frost boil features adjacent to individual 

sample sites T2, T7 and T8, and Felsenmeer surface near site T5. 

Undisturbed and near disturbance vegetation on site T4 appears to be dominated by herb-

sedge/rush species such as Potentilla diversifolia, Minuartia sp., Kobresia myosuroides, 

and Carex albo-nigra, similar to its access road (site T3) (Figure 5.5). However, site T4 

is also dominated by shrubs and shrub like species such as Dryas octopetala and 
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Potentilla fruiticosa, unlike site T3. In addition, nonvascular vegetation is less dominant 

in primarily undisturbed, but also near disturbance vegetation communities on site T4 than 

on site T3. 

Terrain feature frequency in disturbed plot locations on site T2,T5,T7,T8 and site T4 is 

dominated by gravel/cobble/boulder, with frequency and frequency class values of 63%, 

class V and 53%, class V respectively (Figures 5.4 and 5.5). This predominance of 

gravel/cobble/boulder on the severely disturbed well site/surface clearing sample sites 

reflects similar values found in the site Tl and T3 road ditch plot locations, which are also 

considered severe disturbances (55% and 36% respectively) (Figures 5.1 and 5.2). With 

respect to revegetation, the T2,T5,T7,T8 and T4 disturbances most closely resemble the 

pattern observed in the site T3 road ditch, with dominant vascular plant colonizers not 

appearing as dominants in the adjacent near disturbance and undisturbed terrain (Figures 

5.4 and 5.5). 

On site T2,T5,T7,T8, although the dominant vascular plant is Poa pratemis, moss 

appears as the predominant colonizer of disturbed terrain. Moss is also a dominant feature 

of the near disturbance and undisturbed terrain, whereas P. pratensis appears only in the 

near disturbance plots and at a relatively low frequency and frequency class (0.36 %, class 

I). Construction of sites T2,T5,T7,T8 most likely did not allow for preservation of the soil 

seed bank, and as such, colonization of P. pratemis relied on wind or other forms of 

dispersal. Vehicle traffic along the 3-17 access road well into the late 1980's may have 

facilitated dispersal of P. pratensis seed. In addition, seed may have dispersed from P. 

pratensis plants present in undisturbed, near disturbance, road ditch and road top plot 

locations on site Tl, along which sites T2,T5,T7,T8 are located. 

Moss is the predominant colonizer of site T4, similar to sites T2,T5,T7,T8. However, 

vascular plants, represented by Oxytropis podocarpa and Erigeron compositus, also 

appear as dominant species and at higher frequency and frequency class values than do 

vascular plants on site T2,T5,T7,T8. With the exception of site T3 disturbances, E. 

compositus was recorded on all severe and less severe disturbances on the Plateau 

Mountain summit, although at relatively low frequencies and frequency classes. E. 

compositus records in undisturbed vegetation are limited to site T6, and are of a relatively 

low frequency (0.42 %) and frequency class (I), despite being considered an alpine species 

112 



(Moss, 1994), and being present on the composite Bird (1990) and Droppo (1990) list 

(Table I1I.2) (Table 5.6). O. podocarpa was recorded at relatively low frequencies in 

undisturbed terrain on sites Tl, T3 and T2,T5,T7,T8. In disturbed terrain sample plots, 

O. podocarpa records are limited to the severe disturbances found on sites T2,T5,T7,T8 

and T4, and frequencies are higher on these sites than in the undisturbed terrain. In 

severely disturbed sites, deficiency of available nutrients in the soil often favors 

colonization of nitrogen fixing species, which in turn will ameliorate harsh disturbed site 

characteristics (Bishop and Chapin, 1987; Baig, 1992; Chambers, 1995a; Smyth, 1997). 

In this regard, O. podocarpa, a nitrogen fixing plant, is an effective colonizer of severe 

disturbances. This is reflected in the data for the well site/surface clearing disturbances 

(Table 5.6), where although the three Oxytropis species are present on undisturbed terrain, 

their presence is more dominant on the severely disturbed sites. 

Site T4 average IS, values comparing undisturbed vegetation south and west vs. north and 

east of the disturbance with the disturbed vegetation indicate higher similarity with 

undisturbed vegetation on the south and west sides (IS, = 34) vs. the north and east sides 

(ISS = 19), as also observed on T3 and T6 (Table 5.9). Again, this may be explained, in 

part, by the role of the prevailing southwesterly wind in seed dispersal on the Plateau 

Mountain summit. Contrary to previous sites analyzed, site T2,T5,T7,T8 IS, values 

indicate higher similarity between undisturbed vegetation on the north and east sides (IS, = 

47) of the disturbance and disturbed terrain than the undisturbed vegetation on the south 

and west sides (IS, = 45) (Table 5.9). However, sites T7 and T8 are located adjacent to 

the east side of the 3-17 access road (site Tl), and site T2 is located directly north east of 

its own short access road and within 50 m east of the 3-17 access road (Figure4.1). These 

adjacent disturbances may limit seed dispersal from the south and west and thus influence 

revegetation patterns on sites T2, T7 and T8, and subsequently, IS, results. 

As was observed across all transects analyzed thus far, species richness on sites 

T2,T5,T7,T8 and T4 generally appears to be higher in the near disturbance than the 

undisturbed plot locations (Figure 5.6). On site T2,T5,T7,T8, species richness peaks in 

disturbed terrain plots nearest to the south and west edges, and decreases across the 

remainder of the disturbed site plots, with values approximating those obtained in 

undisturbed plots. This may reflect the influence of wind dispersal. Frequently, plots c' 
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and c'', located at the center and north and east edge of disturbance respectively, are 

situated up to 100 m from the southwest edge of the disturbance. Since wind dispersal is 

the primary mode of vegetation establishment on these severely disturbed sites, and the 

prevailing winds are from the southwest, seed dispersal across the center and east portions 

of the lease may be less frequent. Bishop and Cargill (1989) report similar limitations to 

wind dispersal on abandoned gravel pads in the arctic in that distance from seed source to 

disturbed sites accounted for variances in native plant cover and species richness. 

Species richness on site T4 should be interpreted with caution, as each value represents a 

sample size of only two plots. This is likely cause for the invariably lower species richness 

observed on site T4 compared to site T2,T5,T7,T8. The disturbed site sample plots 

exhibit relatively low species richness, similar to the undisturbed sample plot locations. 

However, with the exception of near disturbance plots north and east of the well sites, all 

the species richness values are low, and relatively similar. In reviewing the raw data sheets 

and site photos, there does not appear to be an obvious explanation for these results. 

6.4.2.4 Dominant Disturbed Site Species 

Table 5.7 is a composite list of all the dominant disturbed ground colonizers presented in 

Figures 5.1 to 5.5, and from this data a number of features can be highlighted. Of the 12 

vascular and 3 nonvascular plants recognized as dominant colonizers, Potentilla 

diversifolia, Carex albo-nigra, and moss are found in all seven of the disturbance types, 

and both P. diversifolia and moss occur at relatively high frequencies. These species are 

also predominant in the near disturbance and undisturbed plots (Table 5.6). Most of the 

species present in Table 5.7 are fairly universal in both disturbance type and location, with 

nine species being found in at least four of the seven disturbance types, and at both the 

north and south ends of the summit. In addition, with the exception of Salix barrattiana, 

all of the dominant disturbed ground colonizers are also present in undisturbed sample plot 

locations, indicating that the disturbed sites are not providing potential for non resident, 

aggressive species invasion (Table 5.5). 

Although gravel/cobble/boulder appears to be a significant component of all the disturbed 

sites, it is most predominant on the severely disturbed sites (e.g. road ditch and well 

site/surface clearings). However, it is also apparent from the relatively insignificant 
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gravel/cobble/boulder component on the site T3 road top, that given time and appropriate 

site conditions, these disturbances can revegetate naturally despite the predominance of 

gravel early on. Furthermore, bare ground was present on all of the disturbed sites, 

indicating potential for subsequent plant colonization. 

THE STATE OF NATURAL RECOVERY OF DISTURBANCES ON 
PLATEAU MOUNTAIN 

Vegetation community recovery of alpine/arctic tundra disturbances is a lengthy process, 

often cited as requiring hundreds to thousands, or even infinite numbers of years to attain 

predisturbance conditions (Roach and Marchland, 1984; Houle and Babeux, 1994; Curtin, 

1995). Chambers (1993) reported only 25% vegetation cover on 37 year old alpine 

borrow pit disturbance. Curtin (1993) found that only six of 25 subalpine, mining 

disturbed sample locations exhibit an IS, value of > 50 compared to undisturbed 

communities after 100 years. Bishop and Chapin (1989) reported total native plant cover 

of only 2.7% and species richness of 4.6 on abandoned arctic gravel pads eight years post 

disturbance. Smyth (1997) reported only 25% vegetation cover on native soil on high 

elevation mining disturbances after five growing seasons. 

However, based on consideration of the literature results and the data analysis, the 

recovery of disturbances on the Plateau Mountain summit appear to be following both a 

favorable rate and a natural pattern. Although vegetation communities have yet to reach 

predisturbance conditions, they do exhibit rather healthy natural recovery in terms of 

disturbed site vegetation frequency and floristic similarity and species richness trends 

relative to adjacent undisturbed communities. These findings reflect similar results 

reported by Densmore (1992) that show non-seeded study plots, 11 years following 

disturbance with similar vascular plant cover and growth rate and species composition to 

successional communities on adjacent, naturally disturbed alpine sites. 

The state of revegetation on the most recently abandoned site, Tl, as well as the most 

severely disturbed sites, T2,T5,T7,T8 and T4, suggests that both primary and secondary 

succession are relatively efficient on Plateau Mountain. The cumulative native plant 

frequency on the less severely disturbed road top plot locations is 68% and on the severely 

disturbed road ditch plot locations is 42%, after eight years of recovery. Whereas, 
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cumulative native plant frequencies for the severely disturbed well site/surface clearings is 

31% on site T2,T5,T7,T8 and 44% on site T4 after roughly 39 to 41 years. Although 

these frequency values are not an accurate measure of % cover, even with a large margin 

of error, recovery of Plateau Mountain disturbances appears to be better than that reported 

in similar environments (e.g. 2.7% on severe disturbance after eight years, Bishop and 

Chapin, 1989; 25% on severe disturbance after 37 years, Chambers, 1993; 25% on less 

severe disturbance after 5 years on native soil, Smyth, 1997). 

Even compared with assisted revegetation efforts, the pattern of disturbance recovery 

appears to be quite successful on Plateau Mountain. Brown and Johnston (1976) report 

only 40% plant cover on fertilized, native seeded test plots on Beartooth Plateau following 

five growing seasons. However, substantially more successful progress was reported by 

Smyth (1997). He achieved 82% vegetative cover on native soil, native seeded trial plots 

after only five growing seasons on high elevation mining disturbance. Most literature 

appears to support findings by Chambers et al. (1990) and Houle and Babeux (1994) 

which suggest that traditional, lower elevation methods of fertilizer and mulch use in 

reclamation programs are not applicable to alpine/arctic tundra environments, and likely 

would only moderately influence revegetation success on Plateau Mountain summit. 

Although overall recovery is relatively successful on the Plateau Mountain disturbances, 

each site exhibits particular successes as well as failures. The following discussion, 

including summary tables 6.1 and 6.2, illustrates salient features of the state of recovery of 

individual sample sites. 

6.5.1 Road Disturbance 

The dissimilar conditions under which sites Tl and T3 have been naturally revegetating 

since construction in 1956 is strongly reflected by comparison of the contribution of 

vegetative vs. non-vegetative material to overall terrain feature frequency. Site Tl, 

abandoned eight years ago, exhibits a cumulative vegetative material frequency of 68% in 

road top locations and 42% in road ditch locations (Plate 6.2). Whereas, site T3, 

abandoned between 39 and 41 years ago, exhibits a cumulative vegetative material 

frequency of 91 % in road top locations and 48% in road ditch locations (Plate 6.3). The 

variation in the frequency of vegetative material on site Tl vs. T3 demonstrates 
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progression in disturbed site recovery over time. Impressions on both road tops illustrate 

the persisting effect of vehicle compaction, even following relatively light traffic use as 

experienced on site T3 (Plates 6.2 and 6.3). 

Both road tops appear to be in early to medium successional stages, indicated by the 

presence of graminoid and sedge species as dominant disturbed ground terrain features 

(Chambers, 1993; Rikhari et al, 1993; Smyth, 1997). In addition, site T3 road top plots 

exhibit higher species richness than do undisturbed terrain, which is expected in early to 

medium successional communities. Plate 6.4 illustrates the relatively high species richness 

observed on the T3 road top. Identifiable plants in the photo include: Potentilla 

diversifolia, Tolmachevia integrifolia, Myostis alpestris, Dodecatheon sp., Smelowskia 

calycina, Stellaria longpipes, Erigeron aureus, Saxifraga caespitosa, graminoids, Carex 

sp., Cetraria sp. and epipetric lichen. The road top plot locations on site T3 also show 

evidence of later successional stages by way of increased dominance of forbs (e.g. 

Potentilla diversifolia) and late successional shrub species (e.g. Dryas octopetala). 

Whereas road top plots appear to be quite successful at naturally revegetating, the road 

ditch plot locations are obviously less so. This is most likely a reflection of the different 

surface conditions (e.g. soil development) and colonization sources (e.g. dispersal vs. seed 

bank and propagule pool) present in the severely disturbed road ditch vs. the less severely 

disturbed road top. However, with the exception of erosion affected terrain along site Tl ' s 

east road ditch, both T3 and Tl 's ditches are naturally revegetating, albeit at a much 

slower pace than the road tops (Plates 6.2, 6.3 and 6.5). 

6.5.2 Pipeline Disturbance 

Site T6, abandoned 36 years ago, shows a cumulative vegetative frequency value of 53%, 

which is lower than that observed in road top plots but higher than in road ditches on sites 

Tl and T3 (Plate 6.6). Although the pipeline right-of-way is similar to the road top 

locations in being a less severely disturbed site, it does exhibit a higher 

gravel/cobble/boulder frequency than even the more recently abandoned site Tl. However, 

this may be more a reflection of the relative amount of patterned ground traversed by site 

T6 than sites Tl and T3. A large portion of the right-of-way is scattered with overturned, 
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lichen covered rocks redistributed during pipeline construction from fairly extensive sorted 

stripe and polygon patterns (Plate 6.7). 

Site T6 appears to be in an early to medium successional stage of recovery, similar to the 

Tl and T3 road top. Although Potentilla diver si folia, a common undisturbed site forb, is 

a dominant right-of-way species, Poa pratensis, an uncommon undisturbed site graminoid, 

is also present. Also, species richness on the right-of-way, barring slight misrepresentation 

by epipetric lichen, is higher on disturbed than undisturbed plot locations. 

Well site/Surface Clearing Disturbance . 

Although the cumulative vegetative frequencies on the well site/surface clearing 

disturbances are the lowest recorded, 31% on site T2,T5,T7,T8 and 44% on site T4 after 

roughly 39 to 41 years, these disturbances appear to be following relatively successful 

recovery patterns (Plates 6.8, 6.9, 6.10, 6.11 and 6.12). The lowest cumulative vegetative 

frequency value, 31% on site T2,T5,T7,T8, may be influenced by site T5 (3-17 well site). 

A review of individual plot data on the 3-17 well site revealed higher than average 

gravel/cobble/boulder frequency (67% vs. 63%). Use of this site as a parking area when 

the 3-17 access road was still in use, and site leveling approximately 10 years ago may 

explain the higher frequency value. 

The well site/surface clearing disturbances appear to be in early stages of natural 

succession. T2,T5,T7,T8 and T4 exhibit vegetative predominance of either graminoid 

species (e.g. Poa pratensis) or early, disturbed ground colonizer species (e.g. Oxytropis 

podocarpa, Erigeron compositus). Dominant undisturbed ground species, although found 

on these sites, do not appear as dominant disturbed ground species, as would be expected 

in medium successional communities. However, the state of revegetation is higher than 

expected for sites of this disturbance severity and size. Furthermore, with increasing 

revegetation and subsequent amelioration of the harsh site characteristics (e.g. low soil 

nutrients, organic matter and moisture holding capacity), it is anticipated that the pace of 

recovery will increase. 

Whereas most well site/surface clearing disturbances do not exhibit obvious cut and fill 

remnants on lease boundaries, site T4 does (Plate 6.12). This cut slope, although 
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relatively small, provides partial wind protection for the site on the north and west edges, 

and this may facilitate seed entrapment and retention. In fact, from the photo, it appears 

that revegetation is slightly greater along the west cut slope. 

Table 6.1: Summary of site recovery features on Plateau Mountain summit. 

Plant Frequency (%) ISs vs. Undisturbed 
Sample Site Age severe less severe severe less severe 

Tl: 3-17 road 8 42 68 50 50 

T3: 15-29 road 39-41 48 91 49 43.5 

T6: pipeline 36 - 53 - 48 

T2,T5,T7,T8: well 
site/surface clearing 

3 9 ^ 1 31 — 45.5 — 

T4: 15-29 well site 39-41 44 - 26.5 " 

Table 6.2: Dominant vascular and nonvascular plant species recorded on the four 
sample plot locations for the five sample sites on the Plateau Mountain 
summit. 

Sample Plot Location 
Sample 

Site 
Undisturbed Near 

Disturbance 
Severe 

Disturbance 
Less Severe 
Disturbance 

Tl Dryas octopetala, 
Carex albo-mgra, 
Potentilla diversifolia, 
epipetric lichen, moss. 

Dryas octopetala, 
Carex albo-nigra, 
Potentilla diversifolia, 
lichen, epipetric lichen, 
moss. 

Potentilla diversifolia, 
Dryas octopetala, 
Carex albo-nigra, 
moss. 

Potentilla diversifolia, 
Dryas octopetala, 
Deschampsia 
caespitosa. 

T3 Potentilla diversifolia, 
Carex obtusata, 
Kobresia myosuroides, 
epipetric lichen, moss. 

Potentilla diversifolia, 
Kobresia myosuroides, 
Salix arctica, Carex 
albo-nigra, lichen, 
epipetric lichen, moss. 

Festuca brachyphylla, 
Salix barrattiana, 
moss. 

Potentilla diversifolia, 
Poa sp„ Potentilla 
nivea, Poa pratensis, 
lichen, moss. 

T6 Dryas octopetala, 
Carex obtusata, lichen, 
moss. 

Dryas octopetala, 
Carex obtusata, 
Potentilla diversifolia, 
Carex albo-nigra. 

Potentilla diversifolia, 
Poa pratensis, moss, 
epipetric lichen 

T2,T5 
T7,T8 

Dryas octopetala, 
moss, lichen, epipetric 
lichen. 

Dryas octopetala, 
Potentilla diversifolia, 
moss, lichen. 

Poa pratensis, moss. 

T4 Kobresia myosuroides, 
Dryas octopetala, 
Potentilla fruiticosa, 
Carex albo-mgra, 
lichen. 

Dryas octopetala, 
Kobresia myosuroides, 
Potentilla diversifolia, 
Minuartia sp., Carex 
albo-nigra, moss, 
epipetric lichen. 

Oxytropis podocarpa, 
Erigeron compositus, 
moss. 
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Plate 6.1: Example of relatively extensive lichen community recovery on the site T3 road top. 

Plate 6.2: View south, along site Tl near transect 1.5, demonstrating the state of vegetation 
recovery in road top and road ditch sample locations. 
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Plate 6.3: View southeast along site T3, demonstrating the state of vegetation recovery in road top 
and road ditch sample locations. Note vehicle impressions on road top. 

Plate 6.4: Example of species richness observed on the site T3 road top sample locations. Note 
camera lens cap used for scale. 
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Plate 6.5: View north along site T I. demonstrating the relativcK' slower vegetation recovery in the 
road ditch vs. the road top. particularly along the run-off eroded east side. 

Plate 6.6: View west along the site T6 pipeline right-of-way, demonstrating the state of vegetation 
recovery compared to adjacent, undisturbed terrain. 
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Plate 6.7: View east along site T6, demonstrating disturbance traverse through sorted stripe 
features and scattered redistribution of lichen covered rock onto the right-of-way. 

Plate 6.8: View southeast of site T2, the 7-5 well site, demonstrating the state of recovery of a 
portion of the disturbed surface. Yellow tape denotes disturbance boundary. 
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Plate 6.9: View north of site T5, the 3-17 well site, demonstrating the state of recover) of 
the approximate center axis of the disturbed surface. 

Plate 6.10: View west of site T7, a surface clearing, demonstrating the state of recovery of the 
disturbed surface. Yellow tape denotes approximate disturbance boundary. 
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Plate 6.11: View northeast of site T8, a surface clearing, demonstrating the state of recovery of 
disturbed surface. Yellow tape denotes approximate disturbance boundary. 

Plate 6.12: View northeast of site T2, the 15-29 well site, demonstrating the state of recovery of a 
portion of the disturbed surface. Note cut slope and yellow tape denoting lease boundary. 
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CHAPTER 7: CONCLUSION 

The results of this study, both the field and literature review components, emphasize the 

unique, although severe, environmental conditions present in alpine/arctic tundra sites such 

as Plateau Mountain. Consistent with this recognition, the objectives of this project 

outlined a process of understanding the specific environmental characteristics of the 

disturbed and undisturbed portions of the Plateau Mountain Ecological Reserve. 

Comparison of these data with existing information from studies in similar alpine/arctic 

tundra sites allowed for evaluation of the state of natural recovery of disturbed sites within 

the Plateau Mountain Ecological Reserve boundaries, and ultimately, assessment of the 

needs for future site recovery. 

In general, it appears that despite the unfavorable alpine/arctic tundra site conditions, 

disturbed sites on the Plateau Mountain summit are following a rather favorable natural 

succession revegetation process, and will likely continue to do so unless interrupted by 

further disturbance. This statement is evidenced by the disturbed site characteristics and 

revegetation patterns discussed previously, which most importantly indicate the following: 

1. disturbances are relatively small, and confined to areas required for site exploration, 
development and production with very little unnecessary disturbance (section 6.2); 

2. two types of disturbances were distinguished, each exhibiting unique revegetation 
patterns: 

a) severe - vegetation, organic layer and surface soil horizon removed, thus 
relying on vector seed dispersal via wind, animal or other traffic from 
adjacent terrain (e.g. road ditch, well site, surface clearing); 

b) less severe - vegetation, organic layer and surface soil horizon disturbed, 
but immediately replaced, thus relying on vector seed dispersal and seed 
bank and propagule pool recruitment (e.g. road top, pipeline right-of-way); 

3. water and wind erosion and terrain slumping, although frequently significant issues 
for development projects in alpine and arctic environments, only minimally affect 
revegetation of disturbances on abandoned sites (section 6.2); 

4. permafrost degradation, evidenced by terrain subsidence due to ice melt, does not 
appear to problematic on disturbed sites; however, this may be hidden by the 
porosity of surface and subsurface soil and bedrock structure (sections 3.3.2 and 
6.2); 
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5. the relatively large depth to permafrost on the Plateau Mountain summit (4.48 to 
7.10 m. Woods, 1977; 30 to 50 m, Hams and Brown, 1982) may impede terrain 
disturbances from affecting temperatures on the permafrost table (sections 2.5 and 
6.2); 

6. climatic conditions (e.g. temperature, precipitation, wind) have remained relatively 
stable on Plateau Mountain summit over several decades of measurement, and 
appear to support maintenance of the current state of permafrost (sections 2.3, 3.2, 
and 6.3); 

7. the severity' of environmental conditions exhibited on the Plateau Mountain summit 
appear to inhibit lower elevation species invasion, and as such, disturbances are 
generally colonized by summit and/or alpine adapted species (section 3.4); 

8. soils, although relatively immature in disturbed locations, are showing signs of early 
development on less severely disturbed sites and will likely improve on both severe 
and less severe disturbances with time and increasing revegetation (sections 2.7, 
3.3.3, 3.5.2.2, and 6.3); 

9. disturbances do not appear to limit wildlife use of the study area, although 
accessibility to production facilities has created some concern for wildlife health and 
safety (section 6.3); 

10. weed (i.e. non-native) species invasion, a primary concern in ecological reserves, is 
not currently a threat to existing vegetation communities within the Plateau 
Mountain Ecological Reserve (sections 2.2, 3.4.1, 6.4); 

11. native plant species are naturally colonizing all of the disturbed sites, albeit at 
variable rates corresponding with disturbance characteristics (sections 3.4.2.2, 6.4.2 
and Tables 6.1 and 6.2); 

12. 57 of the 71, or 80%, of the plant species recorded during the vegetation inventory' 
were found in both disturbed and adjacent undisturbed vegetation communities, 
indicating relatively high representation of summit plant species as disturbed site 
colonizers (sections 5.4.1.3 and 6.4.1.2); 

13. the 80% plant species overlap between disturbed and undisturbed sites also reflects 
Chambers (1993) finding that contrary to lower elevation areas, early serai plant 
species in alpine communities often persist into late serai communities (section 
6.4.1.1); 

14. colonization patterns (e.g. total plant cover, species richness) demonstrate the 
advantage that less severe disturbances have over severe disturbances in the natural 
revegetation process (i.e. preservation of the seed bank and propagule pool in the 
surface layer of less severe disturbances) (section 6.4.2 and 6.5); 

15. a number of species appear to be dominant disturbed ground colonizers, as 
evidenced by their predominance in disturbed site sample plots (i.e. relatively high 
frequency and frequency class), and should be further investigated for their potential 
as alpine seed mix species (section 6.4.2.4); 
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16. analysis of plant species records on disturbed and adjacent, undisturbed terrain 
indicates that colonization of disturbed sites is facilitated via a number of processes, 
including (sections 5.4.1, 5.4.2, 6.4.1 and 6.4.2): 

a) propagation from the seed bank and propagule pool on less severely 
disturbed sites; 

b) vector dispersal (e.g. wind, animal) from adjacent undisturbed 
communities on severely and less severely disturbed sites; 

c) transport of seed and/or vegetation fragments from lower elevation sites 
via vehicle traffic on severely and less severely disturbed sites; 

17. species richness across transects generally portrays highest species richness in less 
severely disturbed and near disturbance vegetation communities, and lowest species 
richness in severely disturbed and undisturbed vegetation communities (sections 
5.4.3, 6.4.2 and 6.4.3): 

a) the relatively high species richness in less severely disturbed sites reflects 
expected patterns of early natural succession, when species richness 
generally peaks; 

b) the relatively high species richness in near disturbance sites likely reflects 
the influence of species invasion by early serai community colonizing 
species from the adjacent disturbed sites; 

c) the relatively low species richness in severely disturbed sites likely reflects 
the unfavorable site conditions and limited colonization sources (e.g. poor 
soil, absence of seed bank and propagule pool); 

d) the relatively low species richness in undisturbed sites reflects expected 
patterns of later natural successional stages, when vegetation communities 
reach a relatively stable state and species richness is lower; 

18. comparisons of within sample site floristic similarity (ISS) generally illustrate high 
similarity between disturbed (i.e. severely and less severely) and undisturbed (i.e. 
near disturbance and undisturbed) vegetation communities (sections 6.4.2, 6.5 and 
Table 6.1); 

19. vegetation community' composition comparisons (i.e. IS, values) suggest a slightly 
higher similarity between undisturbed (i.e. undisturbed and near disturbance) and 
severely disturbed than less severely disturbed communities; this may reflect the 
limited species recruitment source on severely disturbed sites via vector seed 
dispersal from adjacent, undisturbed vegetation communities (sections 3.4.2.2, 6.4.2 
and Tables 6.1); 

20. the natural recovery of vegetation on disturbed sites, in terms of total frequency of 
plants and species richness, appears to be more successful than that reported in 
literature for both natural as well as assisted revegetation studies (sections 3.5.2.3, 
3.5.2.4 and 6.5); 

21. in general. Plateau Mountain summit disturbances appear to be following both a 
successful rate and a natural pattern of recovery, and will likely continue to do so 
unless interrupted by further disturbance (sections 3.4, 3.5, 6.4 and 6.5). 
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In light of these conclusions, a number of key reclamation issues unique to alpine/arctic 

tundra environments are evident. In addition, the ecological significance of the site 

necessitates the consideration of special management issues for current as well as future 

stewards of the Plateau Mountain Ecological Reserve. Specifically, this includes Husky 

Oil Operations Ltd., Alberta Environmental Protection, the Plateau Mountain Ecological 

Reserve Management Planning Team and academic institutions. The reclamation and 

management issues pertaining to the Plateau Mountain Ecological Reserve are discussed in 

the following chapter, along with recommendations directed towards the specific steward 

groups. 
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CHAPTER 8: RECOMMENDATIONS 

8.1 RECLAMATION 

8.1.1 Reclamation Issues 

Reclamation of disturbances within the Plateau Mountain Ecological Reserve presents a 

relatively unique challenge. A number of factors must be considered prior to developing a 

reclamation plan. Potential reclamation strategies for disturbances within the Plateau 

Mountain Ecological Reserve are restricted by site characteristics that are relatively 

exclusive to alpine/arctic tundra environments. The following is a brief summary of these 

characteristics, as well as their influence on the reclamation potential for the study area. 

Alpine/arctic tundra sites, including the Plateau Mountain summit, characteristically 

exhibit hostile environments which include long, cold winters, low precipitation, short cool 

growing season and strong winds (sections 2.3 and 5.3: Bryant, 1968; Baig, 1972; 

Saville, 1972; Woods, 1977; Brown et al, 1978; Macyk et al, 1989; Chapin and 

KoRenoir, 1995; Hams, 1995; Walker, 1995; Saunders and Bailey, 1996). Furthermore, 

the literature reflects the decreasing influence of species competition and increasing 

importance in surface preparation that allows for adapted seed and/or propagule dispersal 

to, and entrapment in microsites that provide the necessary conditions for establishment, 

growth and survival on disturbed sites (section 3.5.2.1: Cargill and Chapin, 1987; 

Chambers et al, 1987a, 1990; Svoboda and Henry, 1987; Ebersole, 1989; Baig, 1992; 

Chambers, 1993, 1995a, 1995b; Molau, 1993; Harper and Kershaw, 1996). This 

necessitates site and surface preparations that limit erosion and maximize seed entrapment, 

retention and establishment (sections 3.5.2, 3.5.3.2 and 3.5.3.4). Potential seed mixes are 

limited to alpine/arctic tundra adapted species, and soil amendments (e.g. fertilizer, mulch) 

must be modified to reflect the naturally poor nutrient conditions present in such areas in 

order to prevent unnatural nutrient pulses (sections 3.4.1, 3.5.2.3, 3.5.3.3, 3.5.3.4 and 

3.5.3.5). 

Disturbance to vegetative and organic layers in areas of permafrost has been shown to 

influence permafrost degradation and terrain changes in both alpine and arctic tundra areas 
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(section 3.3.2: Harris, 1986; Hayhoe and Tarnocai, 1993; Nicholas and Hinkel, 1996; 

Swanson, 1996). However, this influence is most often reported in areas of near surface 

permafrost. The permafrost table on Plateau Mountain is thought to be relatively deep 

(4.48 to 7.10 m, Woods, 1977; 30-50 m, Harris and Brown, 1982), and as such, the 

influence of terrain disturbance on permafrost degradation is questionable (section 6.2). 

Apart from the increased surface soil temperatures noted during this study, conclusive 

evidence for permafrost degradation is not apparent on disturbed sites (section 6.2). 

Furthermore, disturbed sites on Plateau Mountain are naturally revegetating, and in areas 

with appropriate climatic conditions like the Plateau Mountain summit (Woods, 1977; 

Harris and Brown, 1982), this is reported to allow for permafrost aggradation (section 

3.3.2: Viereck, 1970; Laberge and Payette, 1995; Mackay, 1995; Nicholas and Hinkel, 

1996). In light of these issues, concern for permafrost degradation and aggradation will 

not influence reclamation plans beyond the goal of achieving site revegetation. 

The summit of Plateau Mountain exhibits relatively extensive patterned ground features, 

sections of which are traversed by disturbances. However, even with replacement of 

disturbed terrain (i.e. contouring), it is highly unlikely that some of the more extensive 

sorted patterned ground structures will or can be naturally or anthropogenically 

reestablished (section 6.2). The most prominent examples of these features were 

established by historical congeliturbation processes influenced by a vastly different climate 

(i.e. during glaciation). As such, concern for reestablishment of the sorted ground features 

will not influence reclamation plans. 

Alpine/arctic tundra vegetation communities generally accommodate a limited number of 

plant species exhibiting life history and physiological adaptations to the extremity of such 

environments (section 3.4.1: Bliss, 1980: Crawford, 1989; Molau, 1993; Chambers, 1993 

and 1995a; Chapin and KoRenoir, 1995) This feature was also reflected in the vegetation 

inventory results and discussion (sections 5.4 and 6.4). The vegetation inventory results 

and discussion also indicate that natural revegetation of disturbances appears to be 

relatively successful on the Plateau Mountain summit (section 6.4 and 6.5). Furthermore, 

the WAERNA Act regulations (section 1.4), the Ecological Reserve purpose statement, 

overall program objectives and specific Plateau Mountain goals (sections 2.2 and 3.5.1), 

and the management issues highlighted in the Plateau Mountain Draft Management Plan 
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(section 1.4) limit assisted revegetation efforts to certified native seed species that ensure 

perpetuation of genetic materials. This would require the rather enormous task of on-site 

native seed collection, sprigging, plugging and tubeling (section 3.5.3.5) as a supplement 

to natural revegetation. In light of these issues, the relative success of natural revegetation 

of disturbed sites on the Plateau Mountain summit justifies that supplemental revegetation 

programs are not necessary. 

Production of the 5-32 and 6-29 sour gas wells on the summit of Plateau Mountain will 

continue until gas reserve depletion, or economic unfeasibility (Elliot, pers. comm., 1997). 

The possibility for sour gas exposure via these summit sour gas wells presents a 

significant public safety issue for stewards of the site, specifically, Husky and Alberta 

Environmental Protection Land and Forest Service. In addition, severe weather shifting is 

common on the summit (Blanchette, pers. comm., 1997). Public users of the site may find 

themselves stranded during low to nil visibility storm or sour gas exposure events, with no 

way to navigate themselves off the mountain. Although recreational activity on Plateau 

Mountain is not actively promoted, the summit's accessibility and environmental 

significance instigate relatively consistent summer use by recreationists and field 

naturalists. 

In light of these issues, the abandoned 3-17 (site Tl) and 15-29 (site T3) access roads, can 

be used as navigation points during times of low to nil visibility or as rescue travel routes 

in the event of sour gas exposure. Due to the flat nature of the summit and the extensive 

scree slopes bordering the majority of the summit area, these roads are the only terrain 

features useful for navigating hikers to a safe exit off the mountain. In terms of both foot 

escape and vehicle rescue, these roads are easily traversed and favorably located across the 

extent of the summit (i.e. connect the far north and southeast limits). 

Furthermore, abandoned and existing roads appear to funnel public users of the summit 

area (Blanchette, pers. comm., 1997; researcher's observation, 1997). The relative 

difficulty of foot and bicycle travel over die undisturbed patterned ground features and 

hummock-like terrain characteristic of the summit encourages public users to follow the 

road systems. Vehicle, bicycle and foot traffic is destructive to alpine/arctic tundra 

vegetation and patterned ground features (sections 3.5 and 6.4.2). In this context, the 

roads are valuable features on the summit as they decrease the level of bicycle and foot 
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traffic in undisturbed areas. Although not representative of the pre-disturbance landscape, 

abandoned roads exhibit extensive natural revegetation on road tops, and somewhat 

slower, but relatively successful natural revegetation in road ditches. Contouring these 

sites to pre-disturbance conditions may eventually improve the aesthetic quality of the 

summit, but in the interim, setback established natural revegetation progress, eliminate 

road use in public safety efforts and increase foot and bicycle traffic in undisturbed areas. 

Scientific research and the associated generation and dissemination of ecological 

knowledge is a primary use of ecological reserves (section 2.2; Alberta Environmental 

Protection, 1998). Currently, the Plateau Mountain Ecological Reserve is vehicle 

accessible, it exhibits a number of rare and ecologically significant features, and it is 

located in close proximity to a number of research institutions. These factors make this 

site a prime candidate for future research initiatives. The summit access road will be 

valuable long after reserve depletion of the Savanna Creek gas field, and should be 

abandoned in a manner that permits long-term vehicle access while allowing revegetation. 

8.1.2 Reclamation Recommendations 

Recommendations for reclamation of disturbances within the Plateau Mountain Ecological 

Reserve follow the six constituents recognized as essential reclamation plan components by 

the Alberta Land Conservation and Reclamation Council (section 3.5.3: Hardy BBT 

Limited, 1990). Recommendations were made by reviewing reclamation possibilities in 

light of site specific features of the summit disturbances (e.g. abandoned vs. existing 

disturbances, surrounding landscape, success of natural revegetation) and the issues 

highlighted in the section 8.1.1 (e.g. unique conditions in alpine/arctic areas, public safety 

concerns, ecological reserve program objectives). 

8.1.2.1 Reclamation Goal 

The goal of the Plateau Mountain Ecological Reserve reclamation plan is to: 

Restore natural ecosystem function in terms of productivity, diversity and species 
composition while maintaining land surface stabilization, pollution control, visual 
improvement and general amenity. 

(Adapted from Bradshaw, 1995, pp. 55.) 
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Recognizing that disturbances have not drastically altered the landscape, erosion has not 

been a significant concern, wildlife uses of the summit are not limited and natural 

revegetation of abandoned sites has been very successful, this goal will be achieved 

primarily through reclamation activities that will enhance the natural recovery of 

vegetation communities. 

8.1.2.2 Existing Site Conditions 

Pre-disturbance conditions were evaluated across the expanse of summit by way of the 

vegetation inventory sample transects that spanned disturbed terrain from undisturbed and 

near disturbance vegetation communities to disturbed terrain vegetation communities. As 

previously mentioned, the vegetation inventory results suggest rather successful natural 

succession patterns, and progression towards pre-disturbance conditions. However, full 

vegetation community recovery on the Plateau Mountain summit, as with most 

alpine/arctic tundra disturbances, will be a slow process. In addition, full site restoration 

is unlikely due to disruption of the patterned ground features and slightly variant 

vegetation communities that may result from variable disturbed site features (i.e. landscape 

change due to roads, surface changes due to terrain clearing). 

8.1.2.3 Site Preparation 

Recommendations for site and surface preparations will be discussed in two sections, the 

first addressing abandoned sites, and the second addressing existing sites within the 

Plateau Mountain Ecological Reserve. 

8.1.2.3.1 Abandoned Sites 

As site contouring is not recommended for abandoned sites (section 8.1.1), site preparation 

recommendations are limited to a portion of the 3-17 access road ditch (site Tl) where 

water run-off erosion is significant enough to prevent vegetation recovery (Figures 4.1, 

4.2, Plate 5.1 and sections 5.2 and 6.2). The remaining abandoned sites do not appear to 

be limited in terms of vegetation recovery, and should be left to continue along their 

already established natural succession pathways. 
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The primary concern for this road ditch portion is to slow, and redistribute, run-off from 

the medium and lower reaches of north and west facing slopes draining into the east road 

ditch in order to allow natural revegetation to occur. In order to conform with limitations 

established by the WAERNA Act and the Plateau Mountain Ecological Reserve Draft 

Management Plan management issues (section 1.4), and the specific Plateau Mountain 

Ecological Reserve goals (section 3.5.1), site preparation measures should be 

accomplished with as little disturbance as possible to surrounding terrain and using native 

materials only. These limitations eliminate a number of erosion control techniques outlined 

in section 3.5.3.3. In particular, diversions (e.g. berms, dikes, swales, ditches) are not 

necessary as run-off need only be slowed and redistributed to the opposite road ditch, not 

eliminated altogether from the eroding area. Outlet protection for culverts distributing 

water east to west across the road bed is not necessary. Run-off to the west ditch via the 

existing culvert is draining down the west slope of the summit without disruption to 

undisturbed and/or naturally recovering vegetation communities and/or erosion of the west 

road ditch. Mulches and quick revegetation using cover crop plant species are not 

recommended as both utilize non-native materials, mulches are not likely to withstand the 

extreme wind conditions and cover crop species are not well adapted to alpine conditions. 

The following measures are suitable, and will effectively slow and divert run-off along the 

eroded ditch portion in order to allow for natural revegetation: 

Recommendations: 

1. Water bars or contour trenches (section 3.5.3.3: Hardy BBT Limited, 1990) 

a) a successive system of water bars or contour trenches made of on-site 
surface materials should be constructed along the road ditch to slow 
run-off, trap sediment and reduce gullying; 

2. Bioengineering technology (section 3.5.3.3: Polster, 1997) 

a) cuttings from on-site, ditch colonizing willow species can be 
incorporated into waterbars and will serve as live silt fences (Figure 
8.1); 

b) growth of willow species will enhance the effectiveness and longevity 
of the water bar effect and facilitate further ditch revegetation. 

3. Waterspreading (section 3.5.3.3: Brown et al., 1986): 
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a) the existing single culvert does not appear capable of handling run-off 
conditions in the east road ditch, near the north end of the 3-17 access 
road; 

b) additional culverts should be installed along this section prior to the 
existing culvert in order to allow the natural flow of run-off down the 
west flank of the summit, and reduce water volumes near the slope toe 
of the ditch. 

Figure 8.1: Example of live silt fence of willow cuttings used to slow velocity of 
water and trap sediments (adapted from Polster, 1997). 

8.1.2.3.2 Existing Sites 

Specific reclamation recommendations for the active well sites (5-32 and 6-29) and access 

roads are not feasible due to the uncertain life span of these facilities. However, 

recommendations can be stated that should be considered in future reclamation plans. 

Features of the Plateau Mountain summit landscape, particularly the gentle slopes and 

absence of major landscape modification for facility and road construction, preclude the 

need for extensive site preparation. In addition, unused portions of both well sites are 

revegetating naturally and erosion is unlikely to be a concern on these sites. However, 

roads and used well site portions are heavily compacted due to several years of vehicle 

traffic and facility presence (i.e. up to 41 years). 

A number of management issues should also be considered when developing reclamation 

plans for the site. Specifically, upon full gas field abandonment, sour gas exposure will no 

longer be a public safety issue. This diminishes the need for vehicle rescue routes on the 

summit. In addition, long-term vehicle access to the summit of Plateau Mountain will be 
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valuable beyond the lifetime of the gas field for research related purposes. With these 

issr.es in mind, the following recommendations are suggested for site preparation of active 

roads and facilities upon abandonment: 

Recommendations: 

1. all non-native materials (e.g. facilities and tie down structures) should be 
removed; 

2. unused portions of the well sites should be allowed to continue established 
natural revegetation process without further disturbance; 

3. used portions of well sites should be contoured only as required to remove 
evidence of facilities (e.g. holes from building structures and tie downs); 

4. the 5-32 and 6-29 access roads should be contoured to pre-disturbance 
conditions (i.e. level road top layers across road ditches ) to counteract 
compaction and redistribute the surface soil layers (i.e. seed bank, propagule 
pool) concentrated in the road bed; 

5. the summit access road should be abandoned intact, and the following measures 
employed to enhance revegetation of the road bed and ditch areas while 
mitigating erosion: 

a) the above treeline portion of the summit access road could be allowed 
to revegetate naturally, or appropriate revegetation programs 
established to facilitate the natural revegetation process (e.g. see 
section 8.1.2.5); 

b) below treeline areas, subject to weed species invasion due to the 
relatively milder environmental conditions, should be seeded with an 
appropriate native seed mix and weed control programs should be 
implemented; 

c) shrub and tree species control measures should be implemented on 
below treeline portions to ensure long-term vehicle access, and; 

d) long term erosion control measures should be initiated in known 
problem areas along the summit access road to prevent road washout 
and enhance revegetation in road ditch and road top locations (e.g. see 
section 8.1.2.3.1). 

8.1.2.4 Surface Preparation 

As with site preparation, surface preparation measures should be accomplished with 

minimal disturbance to surrounding terrain and using native materials only. 

Recommendations were previously made to allow abandoned sites to continue their course 

of natural revegetation and recovery (section 8.1.2.3.1), as such, surface preparation 
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recommendations are limited to sites actively in use. These recommendations are based on 

the surface preparation measures introduced in the literature review (section 3.5.3.4). 

These measures are typical reclamation technologies that have been modified to suite the 

site's alpine characteristics (eg. temperature, wind, soil, vegetation communities). 

Recommendations: 

1. used portions of the 5-32 and 6-29 well sites should be rough ripped to 
counteract soil compaction, allow for better moisture infiltration, reduce near 
surface wind speed and provide sheltered microsites for seed entrapment; 

2. the relatively course, rough ripped surfaces should be loosened via harrowing 
or raking to ensure an adequate amount of fine soil material required for 
seedling establishment (i.e. fine soil particles facilitate nutrient availability); 

3. small scale surface manipulation (e.g. mimic hummock-like terrain by creating 
small surface depressions and elevations and use of on-site boulder and rock 
material to provide micro-sites of wind protection, shade and moisture 
collection) should be incorporated into surface preparations to diversify habitat 
features and ameliorate site conditions; 

4. application of a slow release, low concentration fertilizer formula can be used to 
provide a nutrient base to highly deficient, disturbed site soils without creating 
a detrimental, unnatural nutrient pulse in this naturally low nutrient 
environment (section5.5.2.3). 

8.1.2.5 Revegetation 

The success of natural revegetation on abandoned disturbances suggests that aggressive, 

assisted revegetation programs are not required for summit disturbances. However, 

assisted revegetation programs on the active sites could be established upon site 

abandonment to accelerate initial colonization. In order to concede with the underlying 

ecological reserve program objective for protection of genetic materials and natural 

ecological units (section 2.2, Alberta Environmental Protection, 1998), assisted 

revegetation programs should enhance the natural recovery process, rather than establish 

unnatural recovery conditions. In order to achieve this, the following revegetation 

recommendations were selected and modified from those introduced in section 3.5.3.5. 

Recommendations: 

1. assisted revegetation efforts will make use of on site species only to ensure 
protection of genetic materials; 
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2. the native species island model is suggested for these sites (see section 3.5.3.5, 
option 3 for detail), whereby patches of reclaimed terrain are enhanced by 
detailed microsite preparation, native seed spreading and transplanting; 

3. plant seeds and transplants can be collected from both undisturbed and 
revegetating, disturbed terrain (see section 3.5.3.5, options 1 and 2 for detail), 
in order to provide a mix of early, medium and late successional species and 
inclusion of naturally dominant disturbed ground colonizers; 

4. Dryas octopetala should be considered as a transplant species on disturbed sites 
adjacent to natural, undisturbed populations of this species, because of its 
dominance in undisturbed vegetation communities (Table 5.6), its success as a 
disturbed ground colonizer (Table 5.7), and its proven transplant potential in 
previous studies (Brown and Johnston, 1976). 

8.1.2.6 Maintenance 

During the life span of the 5-32 and 6-29 well sites, Husky representatives should be 

responsible for monitoring summit reclamation initiatives, such as the erosion problem 

along the 3-17 access road (site Tl). If the erosion conditions persist, more aggressive 

reclamation measures should be considered (e.g. additional culverts or contour road bed to 

conform with adjacent undisturbed landscape in order to reestablish the natural run-off 

pattern). In addition, all abandoned sites should be periodically monitored to ensure 

natural revegetation continues (i.e. additional erosion conditions do not arise). 

8.2 INDUSTRIAL ACTIVITY 

8.2.1 Industrial Issues 

Husky is the primary industrial user of the Plateau Mountain Ecological Reserve Their 

efforts to preserve the ecological quality of the summit area, while continuing production 

activities have been commendable. Field operators have minimized production lease sizes 

by restricting vehicle traffic to relatively small driveway areas. Lease areas are free of 

waste, vehicle access into the ecological reserve is restricted and monitored, and public 

safety issues are recognized. However, additional measures can be taken to further refine 

public and wildlife safety and natural revegetation on abandoned sites via enhanced access 

restrictions within ecological reserve boundaries. Enhanced restrictions will facilitate 

natural revegetation of abandoned sites via decreases in high impact traffic (e.g. vehicle) 
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and assist Husky in monitoring public activities in the ecological reserve. The following 

recommendations were developed for industrial activity 

8.2.2 Industrial Recommendations 

1. production lease sites should be fenced in order to eliminate wildlife and 
unauthorized human access into facility areas; 

2. travel route restrictions should be established and strictly adhered to for all 
vehicles permitted access into ecological reserve boundaries, such as: 

a) no off-road vehicle travel; 

b) no vehicle travel on currently abandoned sites; 

c) no vehicle travel outside of the established driveways on the 5-32 and 
6-29 production leases, or that required for facility maintenance; 

3. maps detailing designated vehicle accessible roads (i.e. active roads) should be 
produced and distributed to vehicles entering the ecological reserve; 

4. the locked gate on the summit access road should be replaced, and key 
distribution limited to Husky and Alberta Environmental Protection Land and 
Forest Service personnel only; 

5. all other personnel requiring vehicle access into the ecological reserve (e.g. 
researchers) can do so via permit application through Alberta Environmental 
Protection Land and Forest Service and gate passage via Husky staff; 

6. in the event of full gas field abandonment, all access gate keys should be 
released to the Alberta Environmental Protection Land and Forest Service. 

8.3 ECOLOGICAL RESERVE MANAGEMENT 

8.3.1 Ecological Reserve Management Issues 

Protection of the genetic materials and natural ecological units is of primary concern 

within the Plateau Mountain Ecological Reserve, whereas heritage appreciation, outdoor 

recreation and tourism are allowed only where compatible under the protection objective 

(section 2.2, Alberta Environmental Protection, 1998). Public safety issues surrounding 

the existing summit sour gas facilities also constrain active promotion of the heritage 

appreciation, outdoor recreation and tourism objectives. Furthermore, several 

management issues that are not currently a concern within the Plateau Mountain 

Ecological Reserve, should be addressed in order to prevent future site use conflicts. In 
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light of these issues, the following recommendations were developed for the Plateau 

Mountain Ecological Reserve Management Planning Team. 

8.3.2 Ecological Reserve Management Recommendations 

1. measures should be implemented that limit public use of the Plateau Mountain 
Ecological Reserve while informing users of its ecological significance and 
disturbance and recovery features, such as: 

a) references to the Plateau Mountain Ecological Reserve should be 
removed from recreational guidebooks; 

b) a sign detailing the ecological significance of the Plateau Mountain 
Ecological Reserve, including a map of significant features and site 
disturbance and recovery regimes should be posted on the locked 
access gate; 

c) Husky field staff should continue to monitor and control activities of 
public and research users of the ecological reserve; 

d) in the event of field abandonment, regular site monitoring programs 
established to ensure appropriate use of the ecological reserve; 

e) additional restriction measures should be taken (e.g. increase site 
monitoring frequency, additional locked access gates) in the event that 
problems are encountered with users of the ecological reserve; 

2. public access into the ecological reserve should be limited to foot traffic only, as 
non-native seed dispersal via horse feces and vegetation damage via bicycle tire 
treads compromise the protection objective of ecological reserves; 

3. although not currently a concern, domestic grazing within the ecological reserve 
boundaries should be monitored, and if use increases, measures taken to inhibit 
access; this will minimize the potential for non-native seed dispersal from feed 
sources via feces and minimize grazing and/or trampling damage to vegetation; 

4. although not currently an issue, ecological reserve managers should recognize 
the potential for weed (i.e. non-native species) invasion, and measures prepared 
to mechanically prevent and/or control such invasion. 

8.4 FUTURE RESEARCH 

8.4.1 Research Issues 

The Plateau Mountain Ecological Reserve is an invaluable field research laboratory. Its 

potential use in studying the physical as well as biological features of both alpine and 

arctic tundra, on a readily accessible site in proximity to several research institutions can 

not be overemphasized. From this study alone, a number of future research initiatives can 
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be compiled that will contribute to the study of alpine and arctic tundra reclamation. In 

addition, it is likely that further research in the area will stimulate research needs within a 

number of equally valuable disciplines. 

8.4.2 Research Recommendations 

1. the vegetation inventory transects, currently marked by nails and flagging tape, 
should be permanently marked to facilitate future inventory reproduction for 
monitoring of long term natural revegetation patterns; 

2. revegetation research plots should be established on the recently abandoned 
Canadian Western Natural Gas tower site (section 2.8) in order to: 

a) provide the opportunity to closely monitor the patterns of early, 
medium and late succession via natural and assisted revegetation 
patterns; 

b) apply the results from these test plots to detailed reclamation 
programs for the 5-32 and 6-29 well sites and access roads upon full 
gas field abandonment; 

3. sources and patterns of disturbed site colonization introduced by this study (e.g. 
vector dispersal on severely disturbed sites vs. vector dispersal and seed bank, 
propagule pool recruitment on less severely disturbed sites) could be 
empirically documented in order to assess the relative importance of such 
sources to site revegetation, and as such, to reclamation programs; 

4. the dominant colonizing plant species highlighted in this study (Table 5.7) could 
be further investigated for their potential use in alpine/arctic tundra 
reclamation seed mixes; 

5. temperature changes could be monitored, via the existing ground temperature 
cables (e.g. themistors and thermocouples) located along several of the 
disturbed sites; this can be conducted in conjunction with the revegetation 
processes in order to assess the effect disturbance may have had on the 
underlying permafrost table, and measures established to minimize such effects 
in future projects. 
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APPENDIX I: ECOLOGICAL RESERVE RESEARCH AND COLLECTION 
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^ / PERMIT FOR RESEARCH AND COLLECTION 
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SIGNATURE OF REGIONAL DIRECTOR OR FOREST SUPERINTENDENT OR CHAIRMAN OF SPECIAL AREAS BOARD 
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3 a a ' Turner Valley, Alber ta K 

TOL 2AO 

(see reverse side for General Conditions and any Special Conditions that apply to holder(s) of this permit). 

PLEASE DIRECT ALL FUTURE CORRESPONDENCE REGARDING THIS PERMIT TO THE MANAGING AGENCY ADDRESS SHOWN ABOVE. 

»• 
If the project for which this permit is granted exceeds 12 months In duration, the permit must be renewed annually; The permittee must submit a request for 

that renewal to the managing agency, indicating whether or not any changes have been made to the project. If changes have been made, a brief description of the 
extent of those changes should accompany the request for renewal. 

/4bcria 
ENVIRONMENTAL PROTECTION 



General Permit Conditions For Ress&rch and Collection 

1. In accordance with the intent of 
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appropriate, which are indicated on the 
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the specimens." 
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This condition does not apply to those 
specimens (e.g. small mammal 
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will be destroyed during research or 
which are not intended to be kept 
indefinitely. 

13. Should the permittee discover any 
previously unknown or unrecorded 
artifact, site or natural or cultural feature 
in the course of any research and 
collection activity that is not specifically 
covered by the terms and conditions of 
the permit, the find must be left Intact 
and reported immediately to the 
managing agency. 

14. Within 90 days of completion of the field 
research for that calendar year, the 
permittee will furnish the managing 
agency with a brief progress report. 
This report will include a discussion of 
the purpose, methods and results of the 
field research. 

15. Within 90 days of completion of the 
entire researph project, the permittee 
will prepare and submit a final report of 
the research findings to the managing 
agency. If a publication or thesis is 
subsequently produced from the 
research findings, the permittee is 
required to provide 1 (one) copy of this 
document at no cost to the managing 
agency. 

AGREEMENT: I have read the eonouions 
under which this permit is issued and 
agree to comply with those conditions. 
I agree that failure to comply with the 
Wilderness Areas, Ecological Reserves 
and Natural Areas Act and Regulations, 
and the conditions of this permit may 
result in cancellation of this permit and/ 
or forfeiture of any applicable bond. 

~~*^J*^fh— 
(permittee's signature) 

Special Conditions: Ga£g tfl bp Inr-Tcpd aftfiC pnt-pHng and pxiHng Rpsprvp. Vphirlp n.qp ceatCJCtfid LQ devploppd roads only. 
Permit to be with vehicle while in Reserve and you must be prepared to explain your activities to the Public should 
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Table 111.1: Additional vegetation species list for the Plateau Mountain summit inventory.1,2,3 

H Herbs 
~~I Allium schoenoprasum var. sibincum L. 

2 Castelleja sp. 

3 Draba aurea Vahl 

4 Draba mcerta Payson 

5 Epilobmm latifoltum L. 

6 Mmuartia obtusiloba (Rydb.) House 

7 Oxytropis mgrescens 

8 Pediculans groenlandica Benth 

9 Silene uralensis ssp. attenuata (Rupr.)Bocq. 

10 Selaginella densa Rybd. 

11 Taraxacum officinale Weber 

ft Lichens 

12 Cetrana cucullata (Bell.)Ach. 

13 Cetrana ericetorum Opiz. 
14 Cetrana nivalis (L.) Ach. 
15 Peltigera sp. 

16 Stereocaulon sp. 
17 Thamnolia subuliformis (Ehrh.) W.Culb 

# Other 
18 epipetric lichen 

19 terricolous lichen 
20 moss 

1. Ecological notes obtained from Moss: 1994. 

2. Complete ecological information not available for vegetation 

3. N = native; A = alpine; P = perennial. 

P Kcological INotes" 

"1 N. P; wet meadows, banks and shores 

2 N. P; not classified to species4 

3 N, P; rocky slopes, open woods, clearings, disturbed 

areas 

4 N. A. P; open areas from montane to alpine elevations 

5 N, P,A; gravel bars, stream banks, scree slopes to alpine 

6 N, A, P; dry alpine slopes 

' N , A , P ; windswept ridges, rocky places in alpine 

tundra 

8 N, P; moist woodland, open montane slopes 

9 N, A, P; rocky alpine slopes 

10 N, P; dry prairie, open sand hills and other exposed sites 

11 P; waste ground, roadsides, lawns 

12 N, A; terricolous in arctic and alpine tundra, open 

subalpine forest 

13 N, A; terricolous in tundra areas 

14 N, A; terricolous in tundra areas of late snow melt 

15 N; not classified to species4 

16 N, A; not classified to species4 

17 N, A terricolous on exposed, dry gravely alpine 

ridges 

18 covering patterned ground 

19 common everywhere 
20 common everywhere 

at the genus or broader level. 
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Table III.2: Composite existing species list for the Plateau Mountain summit.12 

# 1 rees/Shrubs # Herbs Continued H Herbs Continued 

1 .Abies lasiocarpa * 58 Epilopium anagallidifolium * 117 Silene uralensis * 

2 Dryas drummondii * 59 Erigeron acris * 118 Smelowsia calycina var. americana 

3 Dryas octopetala ssp. hookeriana 60 Erigeron aureus 119 Solidago mull iradiata 

4 Larix lyallii * 61 Erigeron compositus 120 Stellaria longifolia * 

5 Picea engelmannii 62 Erigeron humilis * 121 Stellaria longpipes 
6 Pinus albicaulis * 63 Erigeron ochroleucus 122 Stenathium occidental 

7 Salix arctica 64 Erigeron peregrinus ssp. calliamhemus 123 Taraxacum ceratophorum * 
8 Salix brachycarpa 65 Eriogonum flavum * 124 Taraxacum officinale * 
9 Salix reticulata ssp. nivalis 66 Eriogonum umbellatum * 125 Tolmachevia integrifolia 

67 

68 

69 

Gentiana prostrata 

Gentiana prostrata * 

Gentianell propinqua 

126 

127 

128 

Trifolium hybridum * 

U Herbs 

67 

68 

69 

Gentiana prostrata 

Gentiana prostrata * 

Gentianell propinqua 

126 

127 

128 

Trollium albiflorus * 

10 Achileea millefolium * 

67 

68 

69 

Gentiana prostrata 

Gentiana prostrata * 

Gentianell propinqua 

126 

127 

128 Valeriana sitchensis * 

11 Agoseris glauca 70 Gentianella propinqua * 129 Veronica alpina * 
12 Allium schoenoprasum var. sibincum 71 Happlopappus lyallii 130 Zygadenus elegans 
13 Androsace chamaejasme 72 

73 

74 

Hedysarum boreale 

Hedy sarum sulphurescens 

Heuchera parvifolia 

14 Androsace septentrionalis 

72 

73 

74 

Hedysarum boreale 

Hedy sarum sulphurescens 

Heuchera parvifolia 
19 C*raminoids 

15 Anemone Mthophila * 

72 

73 

74 

Hedysarum boreale 

Hedy sarum sulphurescens 

Heuchera parvifolia 131 Deschampsia caespitosa 
16 Anemone parviflora 75 Hieracium triste ssp. gracile 132 Festuca baffmesis 
17 Antennaria alpina 76 Minuartia aurtromont ana * 133 Festuca brachyphy Ha 
18 Antennaria lanata 77 Minuartia dawsonensis 134 Phleum commutatum 
19 Antennaria umbrinella * 78 Minuartia nuttallii * 135 Phleum pratense 
20 Aquilegia flavescens 79 Minuartia obtusiloba 136 Poa alpina 
21 Arabis drummondii * 80 Minuartia rubella 137 Poa arctica 
22 Arabis lemmonii * 81 Moeringia lateriflora * 138 Poa pattersonii 
23 Arabis lyallii 82 Myosotis alpestris 139 Trisetum spkatum 
24 Arenaria capillaris var. americana 83 

84 

8S 

Oxyria digyna 

Oxytropis podocarpa 

Oxytropis splendens 

25 Arnica fiilgens 
83 

84 

8S 

Oxyria digyna 

Oxytropis podocarpa 

Oxytropis splendens 
# Sedges & Rushes 

26 Arnica angustilblia ssp. tomentosa 

83 

84 

8S 

Oxyria digyna 

Oxytropis podocarpa 

Oxytropis splendens 140 Carex aquatilis 
27 Arnica latifolia 86 Pedicularis braeteosa 141 Carex nardina 
28 Arnica rydbergii * 8 7 

88 
Pedicularis groenlanc ica 142 

143 
Carex parryana 

29 Artemisia norgegica 
8 7 
88 Penstemon confertus 

142 
143 Carex paysonis 

30 Aster alpuius 89 Penstemon procerus 144 Carex phaecephala 
31 Astragalus atpinus 90 Phacelia sericea * 145 Carex sciropoidea 
32 Besseya wyomingensis 91 Phyllodoce glanduliflora 146 Juncus parryi 
33 Campanula rotundifolia 92 Polemonium pulcherrimum 147 Juncus drummondii * 
34 Campanula uniflora 93 Polygonum viviparum 148 Luzula parviflora * 
3 5 Cassiope tetragona * 94 

95 
Potentilla di versifolia 
Potentilla froticosa * 

149 Luzula sptcata 
36 Castilleja miniata 

94 
95 

Potentilla di versifolia 
Potentilla froticosa * 

37 Castilleja occidentalis 96 Potentilla uniflora * 
38 Cerastium arvense * 97 Rananuculus eschscholtzii * 
39 Cerastium beeringianum 98 Ranunculus pygmaeus 
40 Cirsium hookerianum * 99 Rumex acetosa ssp. alpestris 
41 Claytonia lanceolata * 100 Saussurea nuda var. densa 
42 Delphinium bicolor * 101 Saxifraga adscendens * 
43 Descurainia sophia 102 Saxifraga bronchiali; 

44 Descurania richardsonii * 103 Saxifraga caesprtosa 
45 Draba aurea* 104 Saxifraga cemua * 
46 Draba cana * 105 Saxifraga lyallii 

47 Draba crassifolia 106 Saxifraga occidentalis * 
4 8 Draba incerta 107 Saxifraga oppositifolia 
49 Draba incerta * 108 Sedum stenopetalum 
50 Draba nemorosa * 109 Senecio conterminus 
51 Draba oligosperma * 110 Senecio fremontii 
52 Draba paysonii * 111 Senecio lugens 

53 Draba praealta * 112 Senecio triangularis * 
54 Epilobium angustifolium 113 Seneico integerrimus var. exaltatus 

55 Epilobium glandulosum * 114 Sibbaldia procumbens * 

56 Epilobium latifolium 115 Silene acaulis var. exscapa 
57 Epilobium saximontanum 116 Silene parryi 

1. Compiled from Bird. 1990 (no mark) and Droppo, 1990 (marked with *). 
2. light grey=species recorded in vegetation inventory (Table 4.3); dark grey=species recorded in additional species list (Table III. 1). 
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Table 111.2: ... continued.1,2 

# Lichens If Lichens Continued 

150 Massalongia camosa (Dicks) Korb. 
151 Peltigera aphthosa (L.)Willd. 

152 P. canina (L.) Willd. 
153 P. canina var. spuria (Ach.) Schaer. 
154 Cladonia pocillum (Ach.) O. Rich. 

155 Catillaria Chalybeia (Borr.) Mass. 
156 Lecidea armeniaca (DC.)Fr. 

157 L. atrogbrunnea (Ram.) Schaer. 
158 L. goniopila Florke 
159 L. macrocarpa (DC.) Steud 

160 L. rubiformis (Wahlenb. ex Ach.) Wahlenb. 

161 L. saxosa R. Anderson 

162 L. stigmatea Ach. 

163 L. tomoensis Nyl. 
164 Rhixocarpongeographicum(L.)DC. 

165 R. grande (Florke ex Flot.) Am. 

166 Stereocaulon alpinum Laur. 
167 L. evolutoides (Magn.) Frey 
168 Omphalediscus krascheninnikovii (Sav.) Schol. 

169 Umbilicariahyperborea(Ach.) Ach. 

170 U. phaea Tuck. 
171 U. polyphylla (L.) Baumg. 

172 Acarospora strigata (Nyl.) Jatta 
173 Sarcogyne regularis Korb. 
174 sporastatia testudinea (Ach.) Mass, 
175 Candelariella aurella (Hoffin.) Zahlbr. 

209 Physcia dubia (Hoffin.) Lett. 
210 P. endococcinea(Korb.)Th. Fr. 

211 P. muscigena (Ach.) Nyl. 

212 P. orbicularis (Neck.) Poetsch 
213 P. phaea (Tuck.) Thorns. 
214 P. sciastra(Ach.)DuRietz 

215 Rinodina confragosa (Ach.) korb. 

216 R. mniaraea (Ach.) Korb. 
217 R. roscida (Somm.) Am. 
218 R. turfacea (Wahlenb.) Korb. 
219 Caloplaca cladodes (Tuck.) Zahlbr. 

220 C. jungermanniae (Vahl.) Th. Fr. 
221 C. muromm (Hoffin.) Th. Fr. 

222 C. stillicidiorum (Vahl.) Lynge 
223 C. tetraspora (Nyl.) Oliv. 

224 Xanthoria elegans (Link.) Th. Fr. 

225 Dermatocarpon hepaticum (Ach.) Th. Fr. 

226 D. miniatum (L.) Mann. 
227 D. miniatum var. complicatum (Lightf.) Hellb. 

228 D. reticulatum Magn. 
229 Polyblastia obsoleta Am. 

230 Staurothele perradiata Lynge 

231 Thrombium epigaeum (Pers.) Schaer. 
232 Verrucaria calkinsiana Serv. 
233 Lepraria neglecta 

176 C. canadensis Magn. # Bryophytes 

177 C. vitellina (Ehrh.) Mull. Arg. 

178 Lecanora sp. (sorediate) 

179 L. badia (Hoffin.) Ach. 
180 L. caesiocinerea Nyl. 
181 L. cenisea Ach. 

182 L. epibryon (Ach.) Ach. 
183 L. melanophthalma (Ram.) Ram. 
184 L. muralis (Schreb.) Rabenh. 
185 L. novemexicana (B. de Lesd.) Magn. 

186 Lpolytropa (Ehrh.) Rabenh. 
187 L. rolleana (Hue) Zahlbr. 
188 L. rupicola (L.) Zahlbr. 
189 Ochrolechia upsaliensis (L.) Mass. 

190 Cetraria commixta (Nyl.) Th. Fr. 

191 C.cucuBata {Bell) Ack 
192 C. erieetoruru Opiz 

193 C. islandica(L.)Ach. 

194 C.MMA*. 

195 C. tilesii Ach. 
196 Hypogymnia intestiniformis (Vill.) Ras. 
197 Parmelia chlorochroa Tuck. 
198 P. saxatilis (L.) Ach. 

199 P. stygia(L.)Ach. 
200 P. taractica Kremp 

201 Alectoria chalybeiformis (L.) S. Gray 

202 A minuscula Nyl. 

203 A pubescens (L.) R.H. Howe 

204 A vexillifera (Nyl.) Stizenb. 

205 Comieularia aculeate (Schreb.) Ach. 

234 Barbilophozia hatcheri (Evans) Loeske 

235 Ceratodon purpureus Brid. 
236 Distichium capillaceum (Hedw.) B.S.G. 

237 Ditrichumflexicaule (Schwaegr.) Hampe 

238 Dicranum fiiscescens Turn. 
239 Encalypta ciliata Hedw. 

240 Desmatodon obtusifolius (Schwaegr.) Schimp. 
241 Stegonia latifolia (Schwaegr.) Vent. 
242 Tortella fragilis (Hook. & Wils.) Limpr. 

243 T. tortuosa (Hedw.) Limpr. 

244 Tortula ruralis (Hedw.) Gaertn., Meyer & Scherb. 
245 Grimmia affinis Homsch. 

246 G. anodon B.S.G. 

247 G. apocarpa Hedw. 

248 G. donniana Sm. 
249 G. trichophvlla var. tenuis (Wahlenb.) Wijk & Marg. 

250 Bryum calophyllum R. Br. 

251 B. creberrimum Tayl. 
252 B. pseudotriquetrum (hdew.) Schwaegr. 
253 Mnium orthorrhychum Bird. 

254 Orthotrichum laevigatum Zett. 
255 Myurella julacea (Schwaegr.) B.S.G. 

256 Drepanocladus verrucosus (Lindb.) Wamst. 

257 Brachytheciurn salebrosum (Web. & Mohr) B.S.G. 

258 Hypnum revolutum (Mitt.) Lindb. 

259 Rhytidium rugosum (Hedw.) Kindb. 

260 Hylocomium rugosum (Hdew.) B.S.G. 

261 Polytrichum piliferam Hedw. 

206 Evernia "albertana" - Pteridophvtes 

207 Thamnolea subuliibrmis (Ehrh.) W. Culb. 
208 Buellia papilla (Somm.) Tuck. 

262 Selaginella rupestris 

1. Compiled from Bird. 1990 (no mark) and Droppo. 1990 (marked with *). 
2. light grey=species recorded in vegetation inventory (Table 4.3); dark grey^pecies recorded in additional species list (Table III. 1). 
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