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STATEMENT OF OBJECTIVE

The recommendations and conclusions in this report are
those of the authors and not those of the Alberta Government

or its representatives.
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staff with up to date technical information to assist in the
development of guidelines and operating procedures. The
report is also available to the Public so that interested
individuals similarly have access to the best available
information on land reclamation topics.
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EXECUTIVE SUMMARY
The enhancement or creation of wildlife habitat is receiv-
ing increased attention as a viable reclamation alternative for
disturbed sites as a result of better reclamation technology,
increased government and public awareness of the importance of
wildlife, the realization of the adaptability of wildlife habitat
reclamation to a diverse range of conditions. the potential for
reduced reclamation costs, and improved aesthetic qualities. There
is a need, however. to consolidate information on known methods of
reclaiming wildlife habitat and to develop methods of assessing
reclamation success for certification. In response to these needs, a
study of wildlife habitat reclamation in the mountain and foothills
biomes was initiated by a joint government-industry study group
(MFRRP). This study was to review current information on wildlife
habitat in the mountain and foothills biomes, wildlife habitat
reclamation techniques, potential problems in wildlife habitat
reclamation, and potential assessment methodologies. Needs for
further research also were to be identified.

WILOLIFE HABITAT REQUIREMENTS

In order to simplify the review of wildlife habitat
requirements for this study and to expedite the application of this
information to reclamation programs, "key" or indicator species of
wildlife were selected for study. Key species were selected through
a four-step process that first identified species with similar
habitat requirements (i.e., guilds) and then selected the most
important species within these guilds on the basis of political,
socio-economic and ecological significance. The key wildlife
species selected for the mountain and foothills biomes were snowshoe
hare, beaver, muskrat, moose. elk. caribou, mountain goat, bighorn

sheep, spruce grouse and white-tailed ptarmigan. Information was



reviewed on the important habitat requirements of these ten species
as they relate to potential reclamation methodologies.

Major types of wildlife habitats within the mountain and
foothills biomes are briefly described. In addition, their utiliza-
tion by wildlife and rehabilitation potential are reviewed. The
habitats considered are the alpine, subalpine, montane and boreal
uplands ecoregions.

WILDLIFE HABITAT RECLAMATION TECHNIQUES

Currently-used or proposed reclamation techniques for
wildlife habitat were reviewed, with particular emphasis on those
techniques most applicable to mine reclamation in the mountain and
foothills biomes. The review assumed that a workable soil base
would be provided and that revegetation techniques are known. The
techniques described primarily involve landscape design which
encompasses the selection of appropriate physical and vegetation
features and the Jjuxtaposition of these features to maximize
benefits to wildlife. Four major classes of reclamation methodol-
ogies were considered: topographic modification, watershed
re-establishment, revegetation and special supplementary methods.

Topographic features can influence wildlife distributions
directly, through the provision of special habitats such as cliffs,
talus and south-facing aspects and indirectly through topographic
influences on vegetation development. Because current mining
projects often result in the loss of topographic diversity, landform
reclamation is important in promoting future wildlife uses and
vegetation community development. Methods of restoring topographic
diversity that are discussed include surface contouring, the
creation of surface depressions, surface roughening, specialized
shaping of overburden, and development of special topographic
features such as cliffs.
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Watershed re-establishment is the next Jlogical step in
reclamation to ensure watershed protection and to provide important
water-associated features for wildlife. Techniques described for
watershed re-establishment include re-establishment of water
courses, creation of Tlakes and ponds, creation of wetlands and
creation of riparian zones. Artificial islands also are discussed as
a method to enhance wildlife habitat.

Revegetation is the final and essential element in the
successful reclamation of wildlife habitat. Revegetation plans must
consider a wide variety of factors including the seasonal habitat
requirements of the target wildlife species, the size of the
reclamation area, the geoclimatic constraints of the reclamation
site, the selection of palatable vs unpalatable species, succes-
sional patterns within the re-established communities, the spatial
arrangement of plants within the communities, and the spatial
arrangement of the community blocks. Problems in selecting appro-
priate plant species for both the reclamation site (e.g., the
microsite conditions) and the target species are discussed including
concerns for forage quality, palatability, and reclamation poten-
tial. Plant community reclamation is discussed from the perspective
of developing certain types of communities such as grasslands,
emergent aquatics, shrub meadows, shrublands, deciduous forest,
mixed-wood forest, and coniferous forest in appropriate biophysical
sites within the reclamation area and adapting these communities for
specific wildlife use.

Special structures in wildlife reclamation are viewed as a
means of rapidly providing some forms of cover and/or specialized
habitats for wildlife. These structures generally help increase the
structural and topograpnic diversity of a site at minimal expense
and so offer a means of supplementary enhancement or habitat cre-
ation for existing or planned reclamation sites. Methods considered



were highwall enhancement, talus creation, rock piles, brush piles,
downfall/deadfall, snags and artificial nest structures.

WILDLIFE PROBLEMS IN RECLAMATION

Once wildlife are attracted to a site, they may create
problems through overuse of vegetation on the site. Wildlife
problems that have been encountered on reclamation areas in Alberta
include overbrowsing of trees and shrubs, trampling, debarking,
uprooting and girdling of trees and shrubs. Potential methods of
controlling damage by large and small mammals are reviewed.

The protection of wildlife on reclamation sites from
hunting may create a problem in that animals may become accustomed
to the lack of hunting pressure and, hence, may be susceptible to
overhunting once a reclamation area is opened to public access.
Methods of minimizing this problem are discussed.

INTEGRATION OF FORESTRY AND WILDLIFE END USES

Although forestry may be a prime land use in some reclama-
tion areas within the mountain and foothills biomes, there are
opportunities to integrate wildlife habitat reclamation with
commercial timber reclamation. Methods of integrating these land
uses, such as interplanting of commercial and non-commercial (i.e.,
more palatable) tree species, or the enhancement of small areas of
habitat within reforested blocks, are discussed. Recommendations to
minimize conflicts between forestry and wildlife (e.g., wildlife
damage to seedlings) also are proposed.

ASSESSMENT METHODOLOGIES

In order to assess wildlife habitat reclamation areas for
certification, it will be necessary to evaluate habitat quality and
quantity and compare the reclamation area to some standard. Two

major methods for assessing habitat quality are reviewed:
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population-based assessments and habitat-based assessments. The
disadvantages and advantages of each approach are discussed. Based
on the relative merits of each approach, it was concluded that
habitat-based assessments are more suitable for evaluating reclama-
tion success. The Habitat Evaluation Procedures (HEP) program of
the U.S. Fish and Wildlife Service is recommended as the best
technique for pre- and post-mine assessments of wildlife habitat.

CRITERIA FOR HABITAT RECLAMATION STANDARDS

In order for wildlife habitat reclamation to become an
accepted reclamation alternative, it 1is necessary to establish
standards or guidelines for evaluating reclamation success.
Existing reclamation legislation, as it pertains to wildlife and
wildlife habitat, is reviewed for Alberta, Saskatchewan, British
Columbia and several States. Although the development of specific
standards for wildlife habitat reclamation is beyond the scope of
this report, desirable features for assessment criteria are dis-

cussed.

RECOMMENDATIONS FOR FUTURE RESEARCH

Based on this study, a number of data deficiencies became
apparent. Topics for further consideration were recommended in the
area of reclamation technology, wildlife habitat relationships and
assessment techniques.
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1.0 INTRODUCTION
Four end uses are commonly recognized as potential land

use objectives for reclaimed land in Alberta: forestry, agricul-
ture, recreaticn and wildlife. Prior to the past decade, only
forestry and agriculture were considered to be viable reclamation
alternatives. Restoration of wildlife habitat has received
jncreased attention 1in recent reclamation planning, however, as a
result of better reclamation technology, increased government and
public awareness of the importance of wildlife, the recognition of
the adaptability of wildlife habitat reclamation to a diverse range
of reclamation conditions, the potential for reduced reclamation
costs, and improved aesthetic qualities (Green and Yonge 1984).

Some general criteria for forestry and agriculture have
been defined in Alberta reclamation legislation (Marshall 1983) but
specific guidelines or criteria for certification have not been
developed for wildlife end uses. Although a considerable amount of
research on enhancement of wildlife habitat has been conducted in
the United States, and several reviews of enhancement techniques for
wildlife have been compiled, few attempts have been made to consoli-
date and define enhancement methodologies for wildlife habitat on
severely disturbed sites. Of particular concern, no syntheses of
wildlife habitat reclamation procedures are available to industry or
government in Canada.

Within the foothills and mountain biomes of Alberta, the
combined exploratory and extractive activities of the forest,
petroleum and mining industries have resulted in removal of forest
cover and/or the disturbance of a moderate amount of land (Thirgood
and Ziemkiewicz 1978; Marshall 1983). Although the removal of
forest cover can improve wildlife habitat in some cases through
creation of new ecotone habitats, physical disturbance of the land
surface can reduce the local availability and quality of wildlife
habitat. Because demands for renewable and nonrenewable resources

in the mountain and foothills biomes are increasing and are not
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always compatible with wildlife habitat (AENR 1984), there is a need
to consolidate information on wildlife habitat reclamation and
enhancement and to determine the applicability of this technology to
the biophysical conditions of these biomes. It is also necessary to
develop criteria for evaluating the success of these reclamation
programs.

In response to these research needs, the Mountain and
Foothills Reclamation Research Program (MFRRP)1 initiated a study of
wildlife habitat reclamation. This study focuses on the synthesis
of current information on habitat requirements of key wildlife
species in the mountain and foothills biomes, an evaluation and
collation of information on reclamation procedures for wildlife
habitat, the applicability of these methods to Alberta, and the
development of criteria for assessment of wildlife habitat reclama-
tion procedures for land certification purposes. Subsequent studies
of the wildlife program may involve research that addresses some of
the information gaps identified during this study.

1 The Mountain Foothills Reclamation Research Program (MFRRP) is
Jointly sponsored by the Coal Association of Canada and Alberta
Energy and Natural Resources and is administered by the Coal
Association, the Reclamation Research Technical Advisory

Committee (RRTAC) and the Research Management Division of Alberta
Environment.



2.0 STUDY OBJECTIVES
The objectives for the MFRRP Wildlife Study, as described
in the Terms of Reference, are to:

1. “review habitat requirements of key wildlife species
in the mountain and foothills biomes of Alberta;

2. review the mechanics and methods involved in reclama-
tion to wildlife habitat;

3. summarize information on important aspects of vegeta-
tion community development and succession in
reclaimed areas;

4. evaluate methods for evaluation of wildlife habitat
reclamation procedures, and

5. develop rationale for assessment of wildlife habitat
reclamation procedures for certification purposes."

These objectives were to be fulfilled through completion
of the following specific tasks:

1. "Search all Tliterature sources on reclamation to
wildlife end land use, utilizing currently available
computer data search techniques;

2. Conduct interviews with reclamation/wildlife experts
in government agencies (Federal and Provincial
Government) and the private sector and obtain all
available unpublished literature pertaining to
wildlife habitat reclamation;
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Synthesize published and unpublished information that
relates to wildlife habitat reclamation 1in the
mountain/foothills;

Prepare a report describing the existing information
on wildlife habitat reclamation in the mountain/
foothills; and

Identify data deficiencies and provide recommenda-
tions on further research that may be required to
investigate the basic questions identified."



3.0 METHODS
3.1 LITERATURE REVIEW

3.1.1 Wildlife Habitat Requirements
Our information review on wildlife habitat requirements

was directed toward 10 key wildlife species: snowshoe hare, beaver,
muskrat, elk, moose, caribou, mountain goat, bighorn sheep, spruce
grouse and white-tailed ptarmigan. Each key species was chosen to
represent a guild or group of species exhibiting similar habitat
needs (Section 4.1 and Appendix 1).

A computer Tliterature search of biological and ecological
data bases was conducted using the key words food, diet, ecology,
behaviour, and wildlife habitat in combination with both the scien-
tific and common names of the ten key wildlife species. Initially
we searched a large number of data bases including SCISEARCH, NTIS,
ENVIROLINE, Environmental Bibliography, Dissertation Abstracts on
Line, CAB Abstracts, and Biosis Previews. However, as there was
considerable redundancy in the references produced, these sub-
sequently were narrowed down to NTIS, Dissertation Abstracts on
Line, and Biosis Previews. We also manually searched the Canadian
Wildlife Service (Western Region) Library, the Alberta Energy and
Natural Resources Library, the Fish and Wildlife Division Library,
and the thesis collection at the University of Alberta for relevant
unpublished reports on the 10 key species. Additional unpublished
information was obtained from the LGL Limited library and personal
libraries of LGL Limited biologists, and from persons consulted
during interviews.

3.1.2 Reclamation Techniques

Current published information on wildlife habitat reclama-
tion techniques was obtained through use of a computer literature

search of the RECLAIM data base and review of several recent
bibliographies on reclamation (Sims and Powter 1982; Sims et al.
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1984). As a considerable amount of literature had been assembled
prior to the start of this study, we also obtained a number of
publications through cross-checking of the literature cited in these
publications. Additional references were obtained during interviews
with reclamation specialists.

3.2 INTERVIEWS

Because interest in wildlife habitat reclamation in
Alberta has developed only recently, a considerable amount of
information on reclamation and revegetation techniques, wildlife
requirements and reclamation standards was available only through
interviews with reclamation and wildlife experts. Interviews were
conducted with a wide variety of industry, government and consulting
reclamation specialists in Alberta, British Columbia, Saskatchewan,
Washington State, Idaho, Montana and Wyoming. With the exception of
people contacted in Edmonton and Calgary, most of the interviews
were conducted by telephone. A list of the persons contacted, their
affiliation and date of contact(s) is provided in Appendix 2.

3.3 SCIENTIFIC NOMENCLATURE

To improve the readability of this report, we have
attempted to utilize common names of plants and animals as much as
possible. Plant, mammal and avian nomenclature follows Moss (1983),
Banfield (1974) and Salt and Salt (1976), respectively. If no
common names were listed for a species, we have used the scientific
name as described in the references cited above. A 1ist of common
names and scientific equivalents is provided in Appendix 3.



7

4.0 WILDLIFE HABITAT REQUIREMENTS

4.1 SELECTION OF KEY WILDLIFE SPECIES

To effectively review and synthesize information on
habitat requirements of all bird and mammal species in the mountains
and foothills biomes would be a very labour intensive and costly
exercise; moreover, much of the information would be redundant as
many of the species have similar or overlapping habitat require-
ments. An initial step in this review consequently was to select
"key" or indicator wildlife species toward which we directed the
habitat requirements review. The key species concept is based on
the premise that reclamation or enhancement of habitat for a key
species also will benefit other sectors of the wildlife community,
even though reclamation methods are not aimed specifically at all of
the wildlife species in the habitat. The key species approach
therefore offers a means of simplifying the planning and implementa-
tion of wildlife habitat reclamation.

As a general gquideline, key species should be of socio-
economic and ecological significance and should represent the
habitat requirements of several other species of wildlife (e.g., a
guild representative). Key species for the MFRRP were selected
based on a four-step system (Green et al. 1984):

1. Identification of resident and seasonal wildlife
species with strong affiliations with the mountains
and foothills biomes of Alberta;

2. Identification of groups or associations of species
that have similar habitat requirements;

3. Evaluation of the political, socio-economic and
ecological significance of the species in each of the
species associations; and
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4. Selection of key representative species from each of
the associations based on numeric scores for each of
the above evaluations.

Details of this selection process are described in Appendix 1.

4.2 INFORMATION REVIEW

Literature reviews of habitat requirements and formal,
generalized habitat models already exist for many of the key
species. Rather than repeat the information contained in these, we
focused our review on data developed directly within the geographic
boundaries of the mountain and foothills biomes. Data on habitat
requirements of key species were culled from a number of sources,
ranging from annotated 1lists of birds and mammals found in the
national and provincial parks, to single- and multiple-species
studies undertaken by university and federal or provincial govern-
ment researchers. Information from other parts of Alberta, and
occasionally from other parts of western North America, was also
reviewed and incorporated in the species accounts when data specific
to the mountain and foothills areas of the province were lacking.

Our approach to synthesizing the available information on
habitat requirements has been to describe the range of conditions
presently occupied by each key species, with the aim of identifying,
where possible, the optimal values of various habitat features.
Because reclamation is a structuring or building process, habitat
requirements of each key species have been summarized largely in
structural terms (i.e., general landform type, slope and aspect of
terrain; vegetation community structure and composition; and size,
shape and juxtaposition of habitat units). Functional determinants
of habitat use (food species selection, use of space, use of cover/
shelter, response to human/mechanical disturbance) also were
reviewed in order to provide an understanding of how each species

uses available habitat.



4.3 IMPORTANT HABITAT REQUIREMENTS OF KEY SPECIES

Detailed accounts of forage selection and use of cover,
terrain, space and specia] habitat features by each of the ten key
species of wildlife are provided in Appendices 4 - 13. Existing
literature reviews and habitat models relevant to each of these
species also are identified,

Tables 1 to 10 summarize the major habitat requirements
of the key species as they relate to the reclamation considerations
for  topography and contouring, watershed re-establishment,
revegetation and special features. These summaries are intended to
illustrate the range of habitat features potentially required as an
end product of reclamation or enhancement of wildlife habitat in the
study area. Other details of habitat reclamation will depend on the
specific site conditions (Sections 5 and 6).
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Table 1. Important habitat requirements of snowshoe hare.

Topographic Features - in natural areas, snowshoe hares make great-

Watershed Features

Vegetation Features

Special Features

est use of valleys and lower slopes, but
distribution is probably controlled by
vegetation cover rather than by topography

per se.

no special requirements, but riparian shrub-
lands provide favored habitat.

require dense shrub growth and closed forest
for food, and for hiding, reproductive and
thermal cover; use both deciduous and conifer
cover. Deadfall increases cover availabil-
ity.

an interspersion of open herbaceous areas
within 200 m of forest and dense shrub growth
improves habitat suitability.

food consists of grasses, forbs, and decidu-
ous and coniferous browse. No quantitative
data are available from the mountain or
foothills biomes.

require forage within 60 cm of ground or snow
level, and with browse twig diameters of 4 mm
or less.

home range sizes are in the order of 7-14 ha
but data on optimal habitat area are lacking.

no specific requirements.
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Table 2. Important habitat requirements of beaver.

Topographic Features

Watershed Features

Vegetation Features

Special Features

valley bottoms with broad, mesic floodplains
( >45 m) and oriented east-west permit
optimal vegetation development.

gentle to moderate slopes ( <25%) adjacent to
waterbodies facilitate foraging.

require permanent, stable (or dammable)
waterbodies.

stream gradients of <13% and minimum water
depths of 0.9-1.5 m are required.

meandering streams or lakes with highly
irregular shorelines are optimal.

a minimum habitat area of 0.8 km of stream
channel or 1.3 km? of lake/marshland habitat
is required.

clay soils provide the best substrate.

stands of willow and aspen within 30 m of
shore provide an optimal source of food and
building materials.

additional forage species include balsam
poplar, alder, paper birch, dwarf birch,
rose, red osier dogwood, silverberry and
saskatoon. Herbaceous terrestrial vegetation
and aquatic macrophytes are used to some
extent.

beavers generally use stems <5 cm basal
diameter but stems >25 cm diameter also are
cut.

no specific requirements.
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Table 3. Important habitat requirements of muskrat.

Topographic Features

Watershed Features

Vegetation Features

Special Features

habitat is vrestricted largely to valley
bottoms due to waterbody requirements.

standing irregular waterbodies and slow-
moving streams, with depths of 0.9-1.8 m,
provide optimum conditions.

periodic flooding and drawdowns are required
to maintain suitable plant communities.

clay soils provide the best substrate.

home ranges are generally 200 m or less in
diameter; minimum habitat area has not been
documented.

extensive stands of emergents (e.g., cattail,
bulrush, sedge, grasses) provide both food
and cover; submergents (e.g., water milfoil,
pondweed) also are used for food.

percent of area covered by emergents may vary
from 10 to 60+%.

seasonally flooded shrublands (willow, dwarf
birch, shrubby cinquefoil) also provide
suitable habitat.

no specific requirements.
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Table 4. Important habitat requirements of elk.

Topographic Features

Watershed Features

Vegetation Features

Special Features

valley bottoms and adjacent slopes and
benches, with slopes primarily 30% or Iless,
provide major habitat.

west to south-facing exposures are required
during winter.

no specific requirements.

open and sparsely treed grasslands provide
the major foraging habitat; fescues and
sedges are the most important forage species
but willows are seasonally important.

other locally or seasonally important forages
include hairy wild rye, horsetail, pine,
spruce, silverberry, buffaloberry and aspen.

also feed on seeded grasslands and other
reclaimed areas.

forest cover is used for escape and shelter;
optimal habitat consists of 60-70% foraging
area with the remainder in forest cover.

undertake seasonal altitudinal movements
related to floral phenology, traveling
one-way distances of up to 69 km. May remain
sedentary in areas of high vegetational
heterogeneity.

elk are sensitive to human and vehicular
disturbance when hunted and require forest
and/or geomorphic escape cover. Most use
occurs within 250 m of cover, depending on
disturbance factors.

use natural mineral 1licks and artificial
mineral sources.
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Table 5. Important habitat requirements of moose.

Topographic Features

Watershed Features

Vegetation Features

Special Features

valley bottoms and other flat to gently
sloping areas provide major habitat.

waterbodies are used for feeding and for
refuge from insects and high temperatures,
and riparian areas provide excellent habitat;
however waterbodies are not an essential
habitat feature.

dense early successional and alluvial shrub-
lands provide optimum habitat.

willows are the major forage species,
although other browse species, graminoids,
forbs and aquatic macrophytes also are used.

annual home r%nge sizes have been estimated
as <1-121.6 km©.

moose habituate to disturbance to some extent
but require forest cover for escape in areas
of intensive human use and hunter activity.
Open (shrubland) areas 400 m or more in width
with adjacent 100 m wide forest strips
provide suitable habitat in relatively
undisturbed areas.

use natural mineral Tlicks, probably for
sodium; also use artificial mineral sources.
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Table 6. Important habitat requirements of caribou.

Topographic Features

Watershed Features

Vegetation Features

Special Features

use flat or rolling terrain with moderate
slopes and a variety of exposures, including
south-facing.

delta/shoreline alluvial communities are used
for foraging.

snowfields are important for thermoregulation
and escape from insects during summer.

rely primarily on climax plant communities.

important habitats are alpine tundra, Tow
elevation meadows and shrublands, and mature,
lichen-bearing conifer forests.

diet includes a wide variety of graminoids,
forbs and shrubs, and both terrestrial and
arboreal lichens, with no single species or
group predominating.

habitat use varies seasonally with floral
phenology. An interspersion of closed
forests, open forests and non-forested areas
provides optimal habitat, but relative
percentage figures are not available.

annual home range sizes have been estimated
at 630-1205 km?.

caribou are sensitive to disturbance and
require forest and/or geomorphic escape
cover. Stands of protective cover should be
at least 400 m wide.

use natural mineral 1licks and artificial
mineral sources.
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Table 7. Important habitat requirements of mountain goat.

Topographic Features

Watershed Features

Vegetation Features

Special Features

broken, steep, predominantly west to south-
facing slopes ( >45°) and cliffs, with
adjacent moderate slopes, provide year-round
habitat.

require steep escape terrain within 400 m
(preferably 200 m) of foraging areas.

no specific requirements.

mosaics of grass/forb meadows and tundra and
low shrublands provide foraging habitat.
Make limited use of forest edges.

diet consists of alpine forbs, grasses and
deciduous browse, but percent composition is
poorly documented.

locally or seasonally important browse
species include silverberry, saskatoon,
aspen, rose, alder and willow; gramineous
species include rough fescue, wheatgrasses,
bromes, hairy wild rye, Jjune grass and
sedges.

undertake seasonal altitudinal shifts related
to floral phenology, but home ranges are
small (probably <25 km?).

use natural mineral Tlicks, probably as a
source of sodium.
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Table 8. [Important habitat requirements of bighorn sheep.

Topographic Features

Watershed Features

Vegetation Features

Special Features

open valley bottoms, slopes and steep broken
terrain with a variety of exposures provide
major habitat.

south and west-facing slopes are required
during winter.

bighorn sheep are sensitive to disturbance
when hunted and require escape terrain
preferably within .8 km (not more than 1.6
km) of foraging areas.

no specific requirements.

grasslands and grass/forb meadows are the
major foraging habitats; forest edges are
used for feeding and thermal cover. Some
feeding also occurs on seeded grasslands.

grasses (fescues, wheatgrasses, Jjune grass)
and sedges provide the bulk of the diet, but
forbs and to some extent shrubs also are
used.

undertake seasonal altitudinal movements
related to floral phenology. Seasonal ranges
are separated by up to 40 km.

use natural mineral licks and artificial
mineral sources.
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Table 9. Important habitat requirements of spruce grouse.

Topographic Features

Watershed Features

Vegetation Features

Special Features

prefer flat to gentle slopes.
no specific requirements.

prefer lodgepole pine forests, but will also
use white spruce and other conifer-dominated
forests.

shrub cover in occupied areas generally is
<25%, but pockets of dense shrub understory
provide cover for moulting birds, for nests
and for broods. Open canopy areas are
required for male display flights.

lTodgepole pine needles are the major winter
food; during the snow-free period Vaccinium
spp. provide a major part of the diet.

scattered white spruce appears to be
important to incubating hens.

uniformly spaced, aggregated territories of
up to 3.9 ha/territory are occupied during
the breeding season; large blocks of habitat
are preferred.

no specific requirements.
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habitat requirements of white-tailed ptarmigan.

Topographic Features

Watershed Features

Vegetation Features

Special Features

open rocky slopes and alpine cirques provide
summer and some winter habitat; valley
bottoms 2.5-7.5 km downslope of summer
habitat are used during deep-snow years.

rocks >30 cm diameter provide the major
hiding and thermal cover in alpine areas.

proximity to snowfields or rocky alpine
stream courses (usually within 25 m) appears
to be an important feature of summer habitat.

stream courses also are used during winter,
but this is probably related to vegetation
cover.

moist rocky alpine tundra 1is wused during
summer; large expanses of dry tundra are
avoided.

shrublands and open conifer forests are
important winter habitats. Stands of willow
2-3 m in height are wused during severe
winters.

summer diet consists of leaves and fruits of
a variety of alpine plants (e.g., dryas,
buttercup, willow, Smelowskia spp.). Willow
buds are the major winter food.

no specific requirements.
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5.0 EFFECTS OF DISTURBANCE AND POTENTIAL FOR HABITAT
REHABILITATION
5.1 DISTURBANCES ASSOCIATED WITH MAJOR DEVELOPMENTS

Activities associated with renewable and nonrenewable
resource development in the mountain/foothills biomes can influence
habitat structure and may alter habitat use patterns of wildlife
over the short or long-term. A detailed assessment of the impacts
of development on wildlife is beyond the scope of this report (but
see Geist 1975; MclLaughlin 1979; Shank 1979; Sopuck et al. 1979 and
Searing 1981 for detailed reviews and additional references); here
we provide an overview of the types of disturbance presently occur-
ring in the mountains and foothill biomes of the province, both as
an adjunct to our discussion of wildlife habitat selection and as
background for our subsequent assessment of various reclamation
techniques. These disturbances can be divided into two major
categories based on their effects on habitat:

1.  those resulting in physical changes in habitat struc-
ture (e.g., clearing of vegetation, modification of
drainage patterns, alteration of soil horizons,
infrastructure development), and

2. those not causing habitat alteration, but resulting
in increased levels of sensory stimuli (e.g. from
human presence, vehicular traffic) that may result in
changes in Tlocal wildlife distribution and habitat

use.

Although our discussion focuses on disturbances associated with the
resource extraction industries, it is also recognized that recre-
ational activities can also have significant effects.
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5.1.1 Habitat Alterations
Changes 1in habitat resulting from vegetation clearing

within the foothills biome and, to a much lesser extent, the
mountain biome, are associated primarily with Tlogging but mine
development, seismic exploration, oil and gas well drilling, and
construction of roads, pipelines and power transmission corridors
all require some degree of vegetation removal and soil disturbance.
Removal of vegetation can elicit either positive or negative
responses from wildlife, depending largely on the wildlife species,
size and shape of cleared area, type of vegetation cleared and type
of replacement vegetation (if any). For example, many ungulates are
edge-adapted species (e.g., white-tailed deer, mule deer, elk,
moose) that benefit from the creation of forest openings and
subsequent increased growth of preferred forage species, provided
that sufficient forest remains for escape and thermal cover require-
ments. Other ungulates (e.g., caribou) are associated with large
tracts of mature undisturbed forest, the removal of which results in
net habitat loss. Of particular concern in the mountain biome is
disturbance to alpine/subalpine tundra and grassland ranges used by
ungulates in winter.

Development activities requiring physical alteration of
the landscape often also result in changes in drainage patterns.
Apart from the obvious example of dam construction for irrigation
and hydroelectric projects, such activities include surface mining
and road construction. As with removal of vegetation, drainage or
alteration of water levels in existing waterbodies (and creation of
new waterbodies) can have both positive and negative effects,
depending on wildlife species concerned and a number of site
specific factors such as vegetation type, waterbody area, depth and
shoreline complexity, and existing local interspersion of water-
bodies. Thus increases in water levels or creation of new water-
bodies can result in loss of emergent or terrestrial habitat, but
increases in availability of wetland habitat. Permanent decreases
in existing water levels generally are negative, resulting in loss
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of emergent cover for species such as waterfowl and muskrat and in
increased over winter mortality of beaver and muskrat as a result of
reduced water depth. However, temporary fluctuations are necessary
for maintaining emergent and riparian communities.

Some infrastructure developments (e.g., buildings, roads,
railways) result in permanent or at least long-term habitat loss;
these developments along with others such as pipelines and power
transmission corridors may also act as barriers to wildlife move-
ment. Effects range from habituation by the animal, to actual
physical obstruction of movement, to avoidance as a result of
accompanying human/mechanical disturbance or in response to altered
habitat. In the latter sense large cleared or flooded areas may
also act as barriers. Development of transportation corridors also
results in direct wildlife mortality through road kills and
increased hunter access.

5.1.2 Perceived (Sensory) Disturbance

Development and recreational activities result in
increased human presence and often are accompanied by noise from
machinery and other sources (e.g., mine-blasting). Such activities
may cause no or only very minor changes in habitat structure, but
nevertheless elicit alarm or avoidance reactions from wildlife that
can result in short-term spatial redistribution and changes in
habitat use. This consideration is particularly germane to reclama-
tion planning, as even structurally optimum habitat may not be
occupied if wildlife use is prevented by perceived disturbance
factors. Although some wildlife species acclimate to constant or
predictable disturbance sources, physiological stress from distur-
bance, overcrowding in "safe" areas and displacement into marginal
habitat can all result in decreased fecundity and survivorship.

5.2 WILDLIFE HABITATS IN THE MOUNTAIN AND FOOTHILL BIOMES
In the following section, we briefly discuss the major
vegetation communities in the mountain and foothills biomes of
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Alberta, their use by wildlife (i.e., the ten key species) and their
rehabilitation potential. The major communities are described
according to the wildlife habitat ecoregions outlined by Russell et
al. (1984)

5.2.1 Alpine Ecoregion

5.2.1.1 Vegetation Types. The Alpine ecoregion (Russell et al.

1984) comprises mountain slopes above treeline varying in elevation
from 1880 m on north-facing slopes at 54° 20' N to 2280 m on south-
facing slopes at 49° N. Russell et al. (1984) describe 13 natural
vegetation types according to moisture regime, landform, and soil
type. Very little research has been completed concerning plant
succession in this ecoregion and community development sequences are
not known.

5.2.1.2 Key Wildlife Species. The region is an important year-

round source of forage for mountain goat and white-tailed ptarmigan,
both remaining at high elevations except when forced down by deep
snow. The region is also utilized seasonally for forage by bighorn
sheep, elk, and caribou. Xeric, graminoid vegetation types (or
windswept ridges, south-facing slopes, and avalanche chutes) and
forb and dwarf shrubland vegetation types all are major food
sources.

5.2.1.3 Habitat Rehabilitation. Research results to date indicate

that commercially available grass or legume species are not long-

lived on alpine disturbances. The lack of commercially available
adapted plant materials is a serious limitation to rehabilitation of
alpine regions. "Little is known about plant succession on alpine
disturbances and how it might be used advantageously in rehabilita-
tion" (Brown et al. 1978).

Rehabilitation of disturbed alpine areas in Alberta 1is
presently restricted almost entirely to the National Parks. Parks
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Canada currently uses seed of native alpine grasses produced by a
contract grower, and transplants of native shrubs produced under
contract from locally-collected cuttings (G. Harrison, pers.
comm.). Notable initial success has been achieved with this method
on Whistlers Mountain (el. 2256-2465 m) near Jasper. Seven species
of alpine grass were used: Agropyron latiglume, Poa alpina, Poa

interior, Trisetum spicatum, Deschampsia caespitosa, Festuca

saximontana, and Phleum alpinum (Harrison 1981). Skiing Lake Louise

Ltd., a private company which operates the Lake Louise ski area,
also contracts seed production of native grasses and shrub trans-
plant production, both from plant material collected Tlocally (D.
Walker, pers. ob.). The Whistlers Mountain disturbance was created
by trampling from park visitors, and differs significantly from the
ski area disturbance which resulted from land reshaping with heavy
machinery. Very little topsoil was lost from the former area and it
will probably not require maintenance fertilization. The latter
disturbance, where topsoil was lost, has required fertilization to
maintain even modest plant growth thus far.

Successful rehabilitation of an alpine area has been
reported forthe Panther River Coal Site west of Sundre (Tomm 1981).
The disturbances consisted of a network of exploration trails and
drill sites made during the period 1967-1971. Reclamation of the
trails by Fording Coal and later by the AFS included recontouring,
seeding, and fertilization. Maintenance fertilization was not
reported. It is assumed that at least some of the original topsoil
was replaced during reshaping of the roadbed into the original land
contours. Of the species initially used for revegetation, two
commercially available species, creeping red fescue and Kentucky
bluegrass, were most successful. In 1983, several small sections of
the trails were examined by W. Russell (pers. comm.). Most of the
vegetative cover was dominated by a native invader, latiglume
wheatgrass (Agropyron latiglume) indicating that early plant succes-

sjon had occurred.
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Commercial seed production of non-graminoid species from
the Alpine ecoregion has not been reported, but vegetative propaga-
tion of several alpine species has been investigated by R.H. Hillson
(pers. comm.) during a three year study at the University of Alberta
(Table 11). Some cautious optimism has been expressed with regard
to revegetation of the Alpine ecoregion both in Alberta and else-
where (Brown and Johnson 1979). On the other hand, a documented,
long-term example of successful revegetation was not found and
restoration of plant productivity in the alpine is expected to be
very difficult.

Extrapolation from successful alpine revegetation to
successful development of alpine wildlife habitat is highly specu-
lative. Development of alpine habitat for some species such as for
white-tailed ptarmigan, is probably possible and economically
feasible using existing techniques; both cover and forage could be
created with transplants of woody species, reseeding with alpine
graminoids and a modest amount of land reshaping. Development of
alpine habitat for other species, such as grazing ungulates, is more
problematic and is 1likely to require an extremely long period of
time (e.g., 50-100 years).

In an alpine meadow in northeast British Columbia, a hairy
wild rye/rough fescue community on a 45% S slope at 1623 m yielded
941 kg/ha (Brink et al. 1972). Plant production of an undisturbed
alpine grassland in Colorado was approximately 1000 kg/ha; assuming
annual wutilization of 20-30% of total herbage, 200-300 kg of
forage/ha should be available on an average grazeable alpine turf
(Thilenius 1975). In order to restore equal or better productivity
to alpine wildlife range, revegetation would have to match that
level and ensure long-term maintenance. Even Tlimited utilization
(e.g., elk require a daily food intake of 4.4 kg of dry matter, and
may destroy an equivalent amount by trampling) (Hudson and Nietfeld

1985) may result in overgrazing and rapid depletion of carrying
capacity without intensive management of the range until plant



Table 11. Native alpine species successfully produced and evaluated

in container out-plantings.

pers. comm.)

(Source: R.H. Hillson,

By vegetative cutting

aline bearberry
Arctic willow
crowberry
everlasting, woolly
mountain laurel
moss campion

rock willow

snow willow
stonecrop

purple saxifrage
white mountain avens

By wild seed collection

Arctostaphylos rubra

Salix arctica

Empetrum nigrum

Antennaria lanata

Kalmia polifolia

Silene acaulis

Salix vestita

Salix nivalis

Sedum lanceolatum

Saxifraga oppositifolia

Dryas octopetala

alpine sweet-broom
white mountain avens

Hedysarum alpinum

Dryas octopetala
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succession reaches an advanced, highly diversified stage. In
addition, the nutritional quality of alpine plants is higher than
native species found at lower elevations (Johnston et al. 1968) and
may be difficult to match.

5.2.2 Subalpine Ecoregion

5.2.2.1 Vegetation Types. The Subalpine ecoregion (Russell et

al. 1984) is divided elevationally into the upper subalpine and
lower subalpine region based on floristic composition and physiog-
nomy with open coniferous forests occurring in the upper region and
closed conifer forest in the lower. Forests are dominated by alpine
fir and Engelmann spruce with recently burned areas in the Tower
subalpine occupied by lodgepole pine. The Tlower limit of the
subalpine is 1700 m in the south, the most common upper limit of
Douglas fir.

Russell et al. (1984) further divide the Subalpine
Ecoregion latitudinally into three subdivisions: (1) Southern, from
the Canadian - U.S. border to Crowsnest Pass, (2) Central, from
Crowsnest Pass to Bow Pass, and (3) Northern, from Bow Pass to the
upper region of the Wapiti River drainage. Bow Pass is the northern
1imit of white bark pine and larch.

Plant succession on natural disturbances in the subalpine
begins with yellow mountain avens followed by a willow stage, and
culminates in a spruce or spruce/fir forest. An important feature
of the subalpine is grassy, south-facing slopes dominated by rough
fescue in the southern and central subdivisions and hairy wild rye

in the northern subdivision.

5.2.2.2 Key Wildlife Species. Vegetation types in the Subalpine

ecoregion are important to many of the key wildlife species. The
steep grassy slopes and avalanche paths are important forage areas



28

for elk, bighorn sheep and mountain goat and graminoid/forb-
dominated habitats are widely used by caribou. Snowshoe hare and
moose utilize subalpine shrublands, as do ptarmigan during winters
of heavy snow accumulation. Coniferous forests also are used by
snowshoe hare and ptarmigan during severe winters. Spruce grouse
range extends to treeline in coniferous forest types, mainly
lodgepole pine but also white spruce and larch.

5.2.2.3 Habitat Rehabilitation. A considerable body of literature
exists on research trials, observations, and operational procedures

for revegetation in the Subalpine ecoregion. Early works include
Peterson and Etter (1970), Etter (1971, 1973), Lesko et al. (1975)
and information summaries by Hubbard and Bell (1977) and Peterson
and Peterson (1977). More recent research works by the AFS include
extensive species selection trials in the southern region (Selner et
al. 1977), the Cadomin Trials (Russell and Takyi 1979; Takyi and
Russell 1980; Islam and Takyi 1984), native grass and grass-legume
trials (Tomm and Russell 1981), and plant establishment trials
(Takyi and Leitch 1981, Takyi 1981). Several coal companies also
are conducting in-house trials to augment operational revegetation
programs (Berdusco and Milligan 1977, Quarrin 1982; G. Acott, pers.
comm. ).

Forage productivity of both herbaceous and woody species
is difficult to categorize. Temperature and the frost-free period
decrease while precipitation and the precipitation/evaporation (P/E)
ratio increase with higher elevation (Spilsbury and Tisdale 1944).
At Tlower elevations, especially in the southern and central sub-
divisions, the P/E ratio is more important for plant growth and is
affected by slope, aspect and exposure to wind. At higher eleva-
tions, temperature and the frost-free period are the dominant
influences (Spilsbury and Tisdale 1944). Dodd et al. (1972) found a
close relationship between herbage production and crown cover in
coniferous stands in British Columbia. McLean and Smith (1973)



29

found that dry summers in British Columbia produced superior yields
in forested rangelands if the preceding year had been wet.

The forest and shrubland vegetation types in the Subalpine
ecoregion have not been specifically investigated for browse
production but several productivity estimates are available for
gramineous communities. Native rough fescue grassland yielded 1424
and 1718 kg/ha in two consecutive years in the southern foothills of
Alberta (Bezeau et al. 1967); similarly annual herbage production on
a native rough fescue grassland in the southern foothills near
Stavely ranged from 1497 to 2869 kg/ha (Smoliak et al. 1979)
Forage production of 1345 kg/ha is considered excellent range condi-
tion for the rough fescue community and 810 kg/ha is excellent for
the western porcupine grass/wheatgrass community (Wroe et al. 1979).

Potential for habitat rehabilitation in the Subalpine
ecoregion varies widely among the key species, being highest for
those species adapted to successional communities, such as snowshoe
hare and moose (shrublands) and spruce grouse (lodgepole pine
forest). Conversely, the winter habitat of caribou consists of
overmature, closed, coniferous forests dominated by Engelmann
spruce, alpine fir and sometimes lodgepole pine and white spruce;
development of this late successional or mature vegetation type may
require 100-130 years.

5.2.3 Montane Ecoregion

5.2.3.1 Vegetation Types. Russell et al. (1984) define the
Montane ecoregion as occurring below the Subalpine ecoregion and
above the Aspen Parkland ecoregion (range 1000 to 1600 m). Douglas

fir and limber pine communities differentiate the Montane from other
regions. The Montane region occurs in the foothills and into the

mountains along low-elevation passes.
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5.2.3.2 Key Wildlife Species. Vegetation types associated with

valley bottoms in the Montane ecoregion are important habitat for
moose, muskrat and beaver. Moose will browse year-round in the
mesic and hydric tall shrublands dominated by willows and in mesic
deciduous forest. Additional summer food sources are provided by
the hydric graminoid and sedge fen types. Coniferous forest is
important for thermal cover and escape cover. Previously this
mosaic of habitat types was perpetuated by uncontrolled forest fires
but, as a result of fire suppression, logging has recently become an
important factor in the creation of moose habitat. Muskrat habitat
is provided by sedge fen, hydric graminoid, and hydric shrubland
vegetation, while the deciduous groveland (trembling aspen) vegeta-
tion type provides ideal beaver habitat when adjacent to hydric
shrub and graminoid types. Elk and, to some extent bighorn sheep,
are associated with the xeric Douglas fir woodland, rough fescue
grassland, and Junegrass grassland vegetation types.

5.2.3.3 Kabitat Rehabilitation. Rehabilitation of moose, muskrat
and beaver habitat requires the impoundment or regulated control of

water. Land reshaping and a reliable source of fresh water are the
first requirements, but once met the introduction of cover and food
species is relatively easy. Most willow species are easy to
propagate from seed and cuttings (Watson et al. 1980). Aspen and
balsam poplar necessary for beaver habitat also are easily
propagated and established (Watson et al. 1980) and propagation
techniques exist for other species associated with the deciduous
forest vegetation type (see Section 6.3). Reviews on methods of
establishment of woody species are contained in Monenco (1983) and
Medin and Ferguson (1971). Elk food requirements can be met in part
with the establishment of a productive sward of grass.

5.2.4 Boreal Uplands Ecoregion

5.2.4.1 Vegetation Types. The Boreal Uplands Ecoregion is
subdivided into a northern region from Rocky Mountain House north to
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the Grande Prairie area and a southern region from Sundre south to
the Canada - U.S. border (Russell et al. 1984). The northern sub-
division includes the major coal-bearing formations in the foothills
west of Edmonton. The coniferous forest vegetation types character-
istic of this region are dominated by lodgepole pine, white spruce
and black spruce, which are distributed along moisture and nutrient
gradients (Russell et al. 1984). Estimated forage production in the
major habitats of the Boreal Forest is outlined in Table 12.

5.2.4.2 Key Wildlife Species. The key wildlife species found in

the Boreal Uplands ecoregion are muskrat, beaver, snowshoe hare,
moose, elk,spruce grouse, and to a lesser extent, caribou. Muskrat
utilize willow/birch shrubland vegetation types adjacent to water-
bodies; these and deciduous forest types near streams also are
important beaver habitat. Moose habitat and snowshoe hare habitat
includes a mosaic of coniferous forest, deciduous forest, tall
shrublands and wetlands. Open coniferous forests with grasses and
sedges in tne understory are the major elk habitat, while spruce
grouse are associated primarily with lodgepole pine and white spruce
forests. Caribou are strongly associated with mature conifer
forests and to some extent with muskegs.

5.2.4.3 Habitat Rehabilitation. There is wide scope for habitat
rehabilitation in this region. Initial establishment of primary

successional species (grass/legume) along with localized plantings
of secondary successional vegetation types (low shrubs, aspen, pine)
are feasible with existing technologies, but research is required to
determine successful management procedures during the early stages
of establishment of the woody species. Bartos (1978) developed a
plant succession model for simulating the aspen-conifer succession
in the western U.S., incorporating five major vegetation components
(aspen, conifer, shrubs, annuals and perennials) with respect to
numbers of plants and biomass production. Such a model could be
developed specifically for the boreal uplands forest in order to
account for climatic and edaphic factors.
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Table 12. Representative forage production in major habitats of the
boreal forest (Source: Hudson 1981).

Habitat Grasses/Herbs (kg/ha) Shrubs (kg/ha)
Grassland 200-2500 <10
Sedge meadow 4000 <10
Shrubland 1500 75-200
Aspen forest 250 25- 50

Spruce forest <100 25
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6.0 WILDLIFE HABITAT RECLAMATION TECHNIQUES
The review of currently-used or proposed reclamation tech-

niques for wildlife was aimed primarily at resource industries which
are legally required to reclaim disturbed land. However, because of
the study emphasis on coal mine reclamation, we specifically have
addressed those methods most applicable to the operational condi-
tions of coal mines.

Current practices for coal mining generally necessitate
large scale movement of topsoil and overburden to expose the
underlying coal deposits (Marshall 1983). As a result, the post-
mining soils in reclamation areas may consist of varying proportions
of exposed spoil materials, overburden or regolith materials and
organic topsoil. Although the resulting soil composition and
textures affect the success of revegetation on these sites (Pedocan,
in prep.), methods of reconstructing or enhancing mine soils will
not be reviewed in this study. In compiling this review, we have
assumed that a soil medium has or will be provided on the reclaimed
area and that:

1. the soil is suitable for self-sustaining plant growth
(i.e., fertilizer applications will not be necessary
after an initial establishment period).

2. several species of trees, shrubs and ground covers are

capable of surviving in the soil medium; and

3. the soil madium is relatively stable and not prone to

significant erosion problems.

We also have assumed that the propagation, planting and
maintenance methodologies to establish self-sustaining tree, shrub,
and ground covers are Kknown. The techniques described in this review
involve methods of landscape design for wildlife use which encompass
the selection of appropriate physical and vegetative features and
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the juxtaposition of these features to maximize benefits to
wildlife.

Successful enhancement of disturbed areas for wildlife
must provide the basic requirements for food, water, cover, and
range. Consequently reclamation for wildlife should consider
factors such as topography, soil water regimes, surface water avail-
ability, plant diversity, habitat dispersion and habitat edge. In
some cases, isolation from human disturbance may also be an
important consideration. Generally, an area with a diversity of
habitats is capable of supporting a greater variety of wildlife than
areas with a limited number of plant communities (Thomas 1979a).
Diversity is the key to successful reclamation for wildlife, and
reclamation programs for wildlife habitat should maximize the diver-
sity of habitat, topography and vegetation within the local area of
the mine development. Once these communities are established,
natural ecological processes should be allowed to direct succes-
sional trends in the plant community. If a mine occurs in an area
of relatively homogeneous vegetation cover, reclamation of the post
mine landscape can provide a number of opportunities to develop
different and more diverse vegetation communities of value to
wildlife.

To be successful, wildlife reclamation programs must
pre-plan andintegrate post-mining topography, surface and ground
hydrology, and revegetation. Programs which incorporate an holistic
community approach to reclamation are much more likely to benefit
wildlife in the long-term than are piece-meal approaches to reclama-
tion. Community development must not only involve the selection of
suitable plant species and planting configurations but also the
placement of these communities in appropriate microsites that meet
that community's requirements for features such as slope and aspect,
ground and surface water hydrology, wind exposure, and elevation.
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Wildlife ecology and habitat use can involve a complex
array of interspecific and intraspecific plant and animal relation-
ships and, as a result, methodologies for enhancement of wildlife
habitat can also become complex. To simplify the objective of
establishing a diversity of self-sustaining plant communities, we
believe that reclamation of terrestrial wildlife habitat should be
initially directed towards the rapid establishment of early seral
plant communities that are of benefit, in the short term, to wild-
life species adapted to these communities (Green and Yonge 1984).
There are several advantages to this approach:

1. Plant associations in early seral communities are more
simple than in mid-successional or some climax commun-
jties and, as a result, reclamation requirements for
re-establishing these communities are less complex;

2. The establishment of early seral communities is a
realistic and attainable goal for reclamation and,
within a relatively short term, provides a means of
evaluating the wildlife habitat enhancement program.
In contrast, a program to develop a mature plant
community would involve a complex array of enhancement
methodologies and, because the results may not be
evident for 50-100 years or more, it will be extremely
difficult to evaluate the success of the program;

3. Early successional wildlife species will respond to
and are most likely to benefit sooner from the
re-establishment of plant communities in reclamation
areas than wildlife species that are adapted to more

mature plant communities; and

4. Because results of the program will be evident in a
relatively short period ( <I5 years), there is
positive psychological feedback to industry which will
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likely encourage continued or increased participation
by industry in enhancement of wildlife habitat.

Although the major focus of this review will be the estab-
lishment of early seral communities, we also have considered, where
appropriate, methods which may promote a later stage of plant
maturity. This is particularly true for watershed and wetland
re-establishment, where edaphic climaxes such as emergent or ripar-
ian communities are a desired vegetative end product. Reclamation
of some mature communities may require decades and reclamation
programs for these habitats must be prepared for long-term manage-
ment of these sites.

The following review of reclamation techniques for
wildlife habitat examines four major classes of methodologies:
topographic modification, watershed re-establishment, revegetation,
and special supplementary methods To encourage a more holistic
approach to the reclamation of vegetation communities, we have
provided some cross referencing among these four major categories of
reclamation techniques.

6.1 TOPOGRAPHY AND CONTOURING

Natural Tlandforms generally contain a variety of topo-
graphic features that directly or indirectly affect wildlife. Slope
steepness, aspect, shape and geological stability are several of the
topographic features that influence habitat edge and, consequently,
are important in determining habitat diversity and interspersion of
vegetation communities (Thomas et al. 1979a, Maser et al. 1979a).
Landforms can directly influence wildlife distributions through
provision of escape terrain, protective cover from climatic
extremes, visual protection, burrow/nest sites, or specialized
habitats such as rock talus or highwalls (Thomas et al. 1979a;
Tessman 1982; Proctor et al. 1983). Perhaps more importantly from a
reclamation perspective, landforms also affect wildlife through
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their control of the movement of soil and water and the subsequent
effects on the rates and success of vegetation re-establishment.

During reclamation, materials handling and regrading often
result in the loss of most abrupt topographic relief. Reclamation
standards in many western provinces and states (see Section 8.2)
have required smooth contouring and resloping of overburden and
spoil materials. The resulting terrain is often homogeneous with
respect to slope steepness and aspect, soil type, soil moisture
regimes, and microclimate, offering 1ittle visual protection and few
special terrain features for wildlife. The loss of topographic
diversity also reduces habitat edge and, as a result of the loss of
microsite diversity, may hamper the re-establishment of vegetation.

In the following section, we examine some of the methods
that have been used or proposed to increase or maintain Tandform
diversity in reclaimed areas. Additional information on landform
diversity is discussed in Section 6.4 in relation to special habitat
features such as rock talus, highwalls and rock piles.

6.1.1 Surface Contouring of Above-ground Mine Features

6.1.1.1 Concept. The use of minor undulations in reclamation or
enhancement of surface topography has been suggested by several
authors (Tessman 1982; Proctor et al. 1983) and is currently
employed or planned in reclamation programs by Cardinal River Coal
(G. Acott, pers. comm.), Coal Valley (C. Brinker, pers. comm. ),
Westar Mining (1983) and TransAlta Utilities (P. Lulman, pers.
comm.). The creation of rolling surface undulations on reclamation
slopes or flatlands provides a greater diversity of microsites in
terms of exposures to climatic factors, aspect, water/snow accumula-
tion, and soil moisture regimes, which in turn can benefit wildlife
through increased topographic variability, vegetation diversity and

improved vegetation re-establishment. For example, surface undula-
tions have been used in areas prone to desiccation to improve shrub
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and herb establishment (Institute for Land Rehabilitation 1978;
Sindelar et al. 1973; WECO 1983). In areas of relatively flat
terrain or on smooth open slopes, surface undulations may help to
reduce the Tline of sight visibility of wildlife. This may be
particularly important during the first five to ten years after
reclamation when vegetation growth is minimal and is not able to
provide adequate hiding cover for wildlife. Surface undulations are
not appropriate, however, in areas intended for use as ungulate
winter range. In these areas, smooth contouring of the slope is
necessary to aid in snow removal by wind erosion and sublimation.
Whenever possible, vegetation planting should be integrated with the
contouring design to maximize the benefits to habitat diversity
(Section 6.3.3).

6.1.1.2 Technique.  Two methods have been suggested to create
surface undulations:

6.1.1.2.1 Free Dumping of Overburden. Overburden is dumped in a

relatively random fashion to create a rough rolling terrain. This
technique has been used in flatland areas by Westar Mining (1983)
and could also be used to increase surface topography on flat dump
tops or wide terraces.

6.1.1.2.2 Recontouring. Spoil and overburden piles can be regraded

leaving small depressions and hills along the slopes (Tessman
1982). Some depressions can be enclosed to create areas for water
accumulation, whereas others can be graded to provide broad vege-
tated waterways that drain downward along gently-graded slopes.
Both of these methods should be integrated with watershed re-
establishment techniques (Section 6.2). If depressions are created
on slopes, particularly steep slopes, care must obviously be taken
to prevent erosion.
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6.1.2 Surface Depressions

6.1.2.1 Concept. Surface depressions were suggested as a reclama-
tion tool by Tessman (1982) and have been successfully implemented
in at least one mine site in Montana (WECO 1983). Surface depres-
sions can involve the enhancement of existing depressional features
in a mine site (e.g., a sub-grade haul road) or the excavation of
new depressions. The functions of depressions are similar to those
already described for surface undulations; they promote snow/water
accumulation, enhance soil moisture, increase surface topography
with resultant benefits to vegetation edge and diversity, and
provide some hiding cover for wildlife.

6.1.2.2 Techniques. The following two approaches have been
recommended to create suitable surface depressions for wildlife:

6.1.2.2.1 Excavation. Tessman (1982) suggested that depressions be
excavated along shallow slopes or on flat terrain, be round to
elongate, and not retain standing water (to avoid potential erosion
problems but, more importantly, to provide mesic to hydric sites for
riparian shrub development). Recommended specifications include a
width of 5-15 m, a length of 10-20 m and depths of at least 1-2 m
(Tessman 1982). Care should be taken to not locate depressions in
areas where cverflow could result in erosion problems. Scrapers may
be a more practical alternative to bulldozers or graders in creating
depressions (Erickson 1981, cited 1in Tessman 1982). Surface
depressions might also be created using shallow blast charges.

6.1.2.2.2 Enhancement of Mine Features. WECO (1983) undertook the
re-establishment of a coulee bottom habitat in an abandoned sub-

grade access road. The road was first recontoured to approximate a
more natural ({sinuous) coulee form. Areas with convergent land-
scapes and north - northeast exposures were considered the best

sites for coulee reclamation. In the mountain and foothills biomes,
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haul roads might better be converted to drainage channels (Section
6.2), riparian zones or draws.

6.1.3 Surface Roughening

6.1.3.1 Concept. Surface roughening has been used successfully to
improve microsite diversity and plant re-establishment on reclama-
tion sites (Sindelar et al. 1973, Institute of Land Rehabilitation
1978; Tessman 1982; Westar Mining 1983). The resulting surface
helps to retain surface run-off, reduce wind erosion and avoid soil
compaction with subsequent benefits to plant growth. Rough surfaces
also provide some shelter for small mammals and some passerine
birds.

6.1.3.2  Techniques. Discs and harrows can be used to roughen or
scarify the land surface (Hardy Associates 1978; Westar 1983). Some
specialized equipment also has been developed to gouge or dimple the
land surface (Sindelar et al. 1973).

6.1.4 Shaping of Overburden and Spoil Material

6.1.4.1 Concept. Kerr (MS, cited in Proctor et al. 1983)
described an option for shaping spoil and overburden material to
provide topographic diversity in uniformly-shaped or flatland
reclamation areas. To be economically acceptable, however, such
large-scale reshaping of mine materials must be incorporated into
the pre-mining plan.

6.1.4.2  Technique. Kerr (MS) suggested that spoil or overburden
piles be developed in a crescent-like shape that he referred to as a
"poppy seed roll" (Figure 1). The advantage of this form is that it
provides a wide variety of aspects, varied air currents and wind
exposures, a diverse soil moisture regime, different elevations and
varied topography which, in turn, promote plant interspersion and
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diversity. The revegetation program should be planned to maximize
the benefits of topographic diversity to wildlife.

6.1.5 Special Topographic Features

Although special features such as highwalls, rock talus,
rock piles and caves will be discussed in more detail later in this
report (Section 6.5), they are important supplemental methods of
increasing topographic diversity in a reclamation site. Because
construction materials and opportunities for creating special
features are wusually most commonly available during the 1late
pre-mining, mining and early post-mining stages of a development, it
is important that plans for special features be implemented early in
the pre-mine planning phase. For example, loose rock/rubble that
becomes available during mine operations can be used to create
rockpiles throughout appropriate sections of the reclamation area.
Similarly, if a highwall was to become available during the mining
process, the highwall could be enhanced for wildlife use by develop-
ing escape terrain and nesting sites on the highwall and talus area
at the highwall base.

6.2 WATERSHED RE-ESTABLISHMENT

Water 1is an essential component for the survival and
success of wildlife. If reclamation areas are to provide adequate
habitats for wildlife, it is necessary that self-sustaining water
supplies be provided on or in close proximity to the reclamation
site.

An additional benefit of watershed re-establishment for
wildlife is the ability of many of the techniques to integrate with
and improve watershed protection measures. Watershed protection is
being considered as part of another MFRRP project (Pedocan Limited,
in prep.) and will not be considered in detail here. The rehabil-
itation of watershed basins, watercourses, waterbodies and riparian
zones will help reduce erosion, maintain water quality and improve
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ground water supplies in the mine site as well as improving water
quality in areas receiving run-off from the mine.

Several techniques for the re-establishment of watershed
features on a reclamation site are examined below including
re-establishment of watercourses, lakes/ponds, wetlands, and
riparian zones and the construction of artificial islands. A1l of
these methods involve the major physical attributes of watershed
features; vegetation features and other special techniques are
discussed later in this report (Sections 6.3 and 6.4, respec-
tively). In addition, because several of these methods may improve
fish habitat, piscivorous wildlife and recreation may also benefit.

An exceptionally useful manual concerning fish and
wildlife habitat improvements for reservoirs and streams was
developed by Nelson et al. (1978). The handbook details proven
designs for aquatic and riparian enhancement, well beyond the scope
of this report and study. The major techniques, applicable to
reclamation areas in the mountain and foothills biomes, have been
incorporated in the following review together with more recent
information from other studies.

6.2.1 Watercourse Reconstruction

6.2.1.1. Concept. Minesite drainage structures are designed
primarily to transport water away from the site or to consolidate
the water in retaining or sedimentation ponds. Because of design
efficiency, these drainage systems are not always attractive to
wildlife. However, properly enhanced drainage systems are capable
of supporting dense vegetation cover, provide an easily-accessible
source of watér and nutritional forage, create favourable sites for
tree and shrub growth (particularly riparian species), modify the
microclimate in the immediate vicinity, and, in some cases, may
provide temporary water supplies during periods of low water
(Tessman 1982). Watercourse re-establishment also can promote plant
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species diversity with obvious benefits to wildlife. Reclamation of
watercourses has only recently been implemented in Alberta. Gulf
Resources has undertaken several stream reclamation projects in the
Hanlan- Robb area (Wright 1984), Parks Canada has successfully moved
a portion of a stream adjacent to the Trans-Canada highway expansion
(Leeson 1984), Coal Valley diverted a portion of the Lovell River
(R. Ferster, pers. comm), and the Alberta Fish and Wildlife Division
in cooperation with Alberta Transportation reconstructed a section
of the Crowsnest River (B. Stubbs, pers. comm.).

6.2.1.2 Techniques. Watercourse reconstruction should involve at
least three components: watercourse location and design, water-

course and streambank stabilization, and streambank enhancement.

6.2.1.2.1 Watercourse Design. Although the routing of watercourses

is determined primarily by the post-mine topography, the routing can
be modified within these topographic constraints to improve the
value of watercourses to wildlife. It generally is not desirable to
completely route surface drainage off the reclaimed site. Drainage-
ways for wildlife should be convoluted to slow the water velocity
and to provide a variety of bank heights and shapes as a result of
erosional and depositional processes (Nelson et al. 1978; Tessman
1982). Pools can be constructed on the bends to provide deeper
water areas for fish and some species of wildlife. Bends in the
watercourse can be extended, particularly in areas with very gentle
slopes, to create oxbow lakes and associated aquatic and riparian
communities (Nelson et al. 1978).

Watercourse widths must be adapted to the specific
conditions of the site including the drainage area of the water-
course, the resulting discharge volume and the discharge velocity.
Bends and loops should occur at intervals of approximately five to
seven times the stream width (Wyoming Fish and Game 1976, cited in
Tessman 1982). Pools with depths of 0.5-1.5 m below the channel
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elevation should be constructed by scooping depressions in the major
bends of the channel.

6.2.1.2.2 Streambank Stabilization. Newly-created streambanks are

generally prone to erosion and should be stabilized through a
combined program of revegetation and erosion control. Keown et al.
(1977, cited in Nelson et al. 1978) have comprehensively reviewed
most current techniques for streambank stabilization.

In intermittent, gently-sloping channels, reseeding with
grasses can reduce stream velocity with subsequent reduction in
erosion potential (Nelson et al. 1978; Tessman 1982). Species of
grasses, forbs and shrubs that™ are adapted to hydric conditions
should be emphasized in the revegetation of draw bottoms.

Rip-rap, gabion matting and wood cribbing can be used to
temporarily stabilize streambanks in areas prone to erosion (Nelson
et al. 1978; Proctor et al. 1983; Wright 1984). In general, these
structures provide only limited cover for fish and tend to Tlocally
increase water velocities. Revegetation of banks with riparian
trees, shrubs and ground cover should be used with these methods to
provide a long-term solution to bank stabilization (Section 6.2.4).

6.2.1.2.3 Bank Cover. Re-establishment of riparian cover is
important in increasing both fish and wildlife habitat values along
watercourses. Riparian vegetation binds the streambank, offers
protection against erosion and provides direct and indirect cover
for fish and wildlife (Nelson et al. 1978). Well-vegetated stream-
banks are able to withstand some undercutting, which produces direct
cover for fish and, to a lesser extent, aquatic and semi-aquatic

mammals (e.g., muskrat and mink).

Artificial overhanging streambanks can be reconstructed on
the outside bends of stream channels (Figure 2) (Wright 1984). A
platform of planks or logs supported on rock rip-rap, gabions or log
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cribbing (to prevent further back cutting of the bank) can be used
to provide an overhanging ledge which, in turn, is covered with a
layer of rock and a layer of soil or sod. Vegetation can then be
established on the platform using direct seeding or transplanting
techniques. Wright (1984) found that revegetation of these banks
proceeded rapidly with a good establishment of willows by the end of
the third growing season.

In the event that overhanging banks are not required or
are not appropriate, a soil cap should be provided on the rip-rap,
gabions or wood cribbing.  The s0il cap will provide a suitable
medium for revegetation and, eventually, the restabilization of the
bank. In depositional areas along a watercourse (e.g., the inside
bank), seeding and transplants of riparian vegetation also can be
used to stabilize the watercourse.

6.2.2 Creation of Lakes and Ponds
For the purpose of this review, we have considered lakes

and ponds to be those waterbodies which at completion will be
moderately to very deep (i.e., average depths greater than 3 m) and
consist of a large open water area and a small littoral zone (i.e.,
less than 20% of the surface area).

6.2.2.1 Concept. During mining operations, a variety of water-
bodies or potential waterbodies such as sedimentation ponds, end
pits, or stockdams are formed. Most of these waterbodies are
characterized by steep approaches, sharp banks, few littoral areas,
sterile substrates, and restricted water level fluctuations.
Consequently, riparian, emergent, and submergent vegetation is often
poorly developed and the resulting waterbodies are of only Tlimited
value to wildlife (Olson 1981). However, modification to these
waterbodies during construction or reclamation can greatly increase
their value (Olson 198l; Herricks 1982; Szafoni 1982; Tessman 1982;
Proctor et al. 1983). These mine forms should only be enhanced for
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wildlife if water quality can be maintained at an acceptable
standard in the waterbody.

Large impoundments provide a number of benefits to wild-
life: a readily available and permanent source of water; subirriga-
tion of shoreline areas and recharge of the ground water aquifer,
with subsequent benefits to the establishment of dense, riparian
vegetation; potential year-round habitat for fish and hence a
potential food source for piscivorous mammals and birds; increased
habitat diversity and quality for semi-aquatic mammals, small
mammals, waterbirds and amphibians; and improved hunting and roost-
ing areas for some raptors (Tessman 1982). If the primary end use
of an area is wungulate winter range, a year-round water source
should not be provided because it may encourage overuse of winter
range during other seasons (Tessman 1982).

No examples of lake creation are known for the foothills
and mountain biomes. However, a final cut at the Forestburg
Diplomat mine near Red Deer, Alberta has been converted to a 2.5 ha,
7 m deep lake suitable for stocking and overwintering of rainbow
trout (B. Logan, pers. comm.). At completion, the final cut was
recontoured to 10% slopes, although several steep cuts were Tleft
intact. Topsoil was then added to the disturbed slopes surrounding
the pond down to a level below the anticipated highwater mark and
was reseeded with a forage crop seed mix. Part of this area is now
under water. Inflow is primarily runoff from surrounding agricul-
tural Tand. An overflow outlet was constructed but the lake levels
have not yet been sufficient to discharge through this structure.
The lake has now reverted to control by the County of Red Deer.

Lake/pond enhancement 1is planned at the Cardinal River
(G. Acott,pers. comm.), Obed (T. Adamson, pers. comm.) and Coal
Valley (C. Brinker, pers. comm.) mines. At the Cardinal River site,
one of the end pits will be used to create a 20 ha lake. Overburden
material will be backfilled at the pit edge to provide a littoral
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zone up to 150 m wide and 6 m deep. The littoral area will also be
amended with topsoil. The remainder of the pit will provide a deep
water area with potential for stocking with rainbow trout. Inflow
from several natural streams and outflow along a drainage channel
will ensure recharge and flushing. At the Obed site, existing
borrow pits will be converted for waterfowl use, primarily through
construction of shallow littoral zones and nesting islands and
transplants of emergent vegetation. Several sett1ing ponds along
the west flank of the mine site may also be converted for wildlife
use. One of the final cuts at the Coal Valley site may be converted
to a 6-7 m deep lake suitable for fish stocking if regulatory
approval is obtained (R. Ferster, pers. comm. ).

6.2.2.2 Techniques. Site topographic considerations are the first
and, perhaps, crucial step in the development of a lake or pond for
wildlife and fisheries use (Herricks 1982). Topographic parameters
that should be considered include location, depth, size, bank slope,
shoreline configuration, bottom contouring, and substrate.

6.2.2.2.1 Location. Lakes and ponds within a reclaimed area must be
located in stable landforms and compliment the existing or planned
topography and the resulting surface hydrology. Assuming that the
primary water source will be surface runoff and snowmelt, the
watershed should provide sufficient water to replenish the reservoir
annually. It is also preferable to have at least one or more inflow
streams and at least one outflow for the waterbody in order to main-
tain water levels and recycle water and nutrients. The overall
watershed plan for the postmine landscape should attempt to
integrate watercourse reconstruction with waterbody development.

6.2.2.2.2 Substrates. The bottom substrate of a basin must be
sufficiently impervious to hold water. It is generally recommended
that a minimum of 20% of the bottom substrate consist of clay or
other non-porous materials. Prior to flooding, the bottom sub-
strates of the basin may require compaction to reduce permeability
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and erosion potential. Highly-porous substrates may necessitate the
addition of a bentonite clay substrate as a sealer (Nelson et al.
1978).

6.2.2.2.3 Depth. At least 25-75% of the basin should have depths
greater than 3-5 m and, if possible, greater depths, should be
provided (Herricks 1982; Proctor et al. 1983). Deep areas prevent
sold freezing of the basin and choking by aquatic vegetation. To
ensure bottom diversity (see Bottom Contours below), depths should
be variable throughout the basin.

6.2.2.2.4 Bottom Contours. Several aspects of bottom contours are

important to wildlife use of waterbodies: topographic diversity,
shoreline slope, and littoral zone development. A fourth and
related aspect, the development of artificial islands, is discussed
later in this section (Section 6.2.5).

Irregular bottom contours provide a high diversity of
microsites for fish and invertebrates with resulting benefits to
some species of birds and mammals. Herricks (1982) suggests that
irregular bottom contours with depth variations of at least 1 to 2 m
are preferable for lakes and ponds.

Shoreline grading should also be variable to increase
habitat diversity (Herricks 1982). Slopes of 1:3 to 1:20 appear to
be most stable and are preferred in lake/pond reclamation (Nelson et
al. 1978; Herricks 1982; Tessman 1982; Proctor et al. 1983). In
littoral areas, narrow and wide shelves with gradual slopes (e.g.,
1:10 to 1:20) and depths of 0.5 to 1.5 m help promote vegetation
development and provide fisheries habitat. Some steep drop-offs
also are desirable to provide areas where shoreline access is not
restricted by emergent vegetation.

Littoral zones should always be developed as part of the
reclaimed waterbody. They are generally the most productive
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waterbody areas, providing nesting cover for a wide variety of
waterbirds and some passerines, protective cover for fish finger-
lings and a variety of plant and invertebrate food sources. They
also help reduce turbidity, siltation and shoreline erosion (Tessman
1982). Because the extent of emergent vegetation is dependent on
the amount of littoral habitat, it is suggested that littoral areas
comprise at least 20% of the lake surface area (Herricks 1982). If
bottom substrates are sterile, it is recommended they be amended
with topsoil and natural or domestic hay prior to flooding to
promote establishment of a natural detritus chain and a suitable
growth medium for aquatic plants (Crawford and Rossiter 1982).
Innoculation of the Tittoral substrate with bottom ooze from nearby
wetlands or lakes also would be beneficial in introducing seeds and
rhizomes of aquatic plants, as well as invertebrates.

6.2.2.2.5 Shoreline Configuration. Waterbodies created for wildlife

use should have irregular shorelines as opposed to simple circular
shorelines (Figure 3). Shorelines with numerous peninsulas and bays
provide increased edge, littoral areas and depth heterogeneity
(Hérrick 1982,; Proctor et al. 1983) which, in turn, provide the
potential for increased habitat diversity and wildlife production.

Highly-convoluted shorelines and associated vegetation
communities reduce exposure to wind and wave erosion, provide a good
interspersion of feeding and Tloafing areas for waterbirds and
muskrat (Crawford and Rossiter 1982) and create visual barriers
between breeding pair of waterfowl, thereby increasing the potential
waterfowl productivity (Tessman 1982).

6.2.3 Creation of Wetlands
For the purpose of this review, wetlands have been

considered as small waterbodies with water depths of less than 1.5m
throughout most (80%) of the waterbody basin. Assuming that bottom

substrates and water quality are suitable for plant growth, most of
the wetland should be capable of supporting emergent plant growth.
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6.2.3.1 Concept. Shallow basins within a mine drainage system,
sedimentation ponds for watershed protection or sewage treatment
lagoons offer opportunities to develop wetland areas. Wetlands can
provide many of the benefits already described for lakes/ponds --
provision of a water source, subirrigation of adjacent Tland,
recharge of the groundwater aquifer, increased habitat edge, and
increased potential for development of riparian zones -- as well as
the provision of a potentially valuable habitat for waterfowl,
shorebirds, some passerines, aquatic mammals (particularly muskrats)
and amphibians and the potential for treatment of some water
pollutants and sedimentation (Kadlec 1981).

Wetland basins have been created as part of the wildlife
enhancement program at the Widco site in southeast Washington
(Clausing 1981). Gravel borrow pits were converted to wetlands and
a disturbed creek bottom area was rehabilitated as riparian habitat
with small wetlands. Settling ponds may be converted to wetlands as
part of the reclamation plan at the Obed site (T. Adamson, pers.
comm. ). Saline retention ponds at the Sherness mine site may
eventually be enhanced for use by waterfowl (K. Natsukoshi, pers.
comm. ).

6.2.3.2 Techniques. Design specifications for reclaimed wetlands
include substrate, area, depth, bottom contours, shoreline config-
uration and littoral zone development.

6.2.3.2.1 Substrate. Substrate requirements for wetlands are almost
identical to those already described for Tlakes/ponds, with the
exception that most of the bottom substrates should be suitable for
plant growth (see Section 6.2.2.2.1).

6.2.3.2.2 Size. Wetlands size can generally be adapted to the needs
of the mine plan. Proctor et al. (1983) suggest, however, that
wetlands be 0.4 to 4.0 ha in size with wetlands in the 0.4 to 2.0 ha
range being optimal for waterfowl production. Wetlands smaller than
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0.1 ha are of little use to wildlife and should be consolidated to
form larger wetland areas.

6.2.3.2.3 Depth. The extent of shallow (0.5 - 1.5 m) water areas is
probably the most important determinant of wetland suitability for
wildlife. The amount of shallow water largely determines the amount
of emergent aquatic vegetation and, in turn, significantly influ-
ences the use of wetlands by wildlife such as waterbirds and aquatic
mammals. However, because very dense stands of aquatic vegetation
can inhibit wildlife use, the hemi-marsh -- a wetland complex with a
50:50 composition of vegetation and open water areas -- appears to
be most productive for wildlife (Weller and Fredrickson 1974).
Depths should therefore be variable with at least 50% of the basin
occupied by shallow water areas no more than 1.5 m in depth.

6.2.3.2.4 Bottom Contours. Uneven bottom contours are preferred for

reclaimed wetlands (Crawford and Rossiter 1982; Herricks 1982;
Proctor et al. 1983). Irregular contours provide a variety of water
depths and microsites and allow for a good interspersion of emergent
vegetation and open water. If the pre-flooding basin is smoothly
contoured, the topographic diversity of the bottom substrate could
be increased by excavating deeper pools and constructing shallow
platforms with the excavated material.

Shoreline slopes should be variable to increase the
interspersion of littoral and deep water zones. Slopes in Tittoral
areas should be 10:1 - 20:1 (Crawford and Rossiter 1982; Herricks
1982) whereas slopes in deep water areas can be as steep as 3:1 if
the substrate material is stable. Bottom contouring in wetlands
should also consider the construction of artificial islands for
wildlife use (Section 6.2.5).

6.2.3.2.5 Shoreline Configuration: As described for Tlake/ponds,

wetland shorelines should be convoluted to promote wildlife use (see
Section 6.2.2.2.5).
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6.2.4 Riparian Zones

6.2.4.1 Concept. Riparian zones generally support a greater
number and diversity of wildlife and sustain higher Tlevels of
productivity than most other terrestrial or aquatic habitats (Odum
1971). They also have a significant influence on the physical,
chemical and biological properties of the associated terrestrial and
aquatic communities (Szafoni 1982). Riparian vegetation helps slow
overland drainage, increases percolation, reduces sheet erosion,
stabilizes streambanks and helps to trap sediments and nutrients
(Szafoni 1982). Riparian areas are not only beneficial to wildlife
but also provide some watershed protection.

Moist to wet areas and seeps frequently develop as part of
the drainage system within a mine site, and because water is readily
available, trees and shrubs establish easily in these areas.
Subsurface irrigation in the areas around wetlands, lakes and ponds
also offers excellent opportunities for reclamation of riparian
habitats. Riparian development has been incorporated into reclama-
tion plans for the Cardinal River Mine (G. Acott, pers. comm.),
Gregg River Mine (Hardy Associates 1982; M. Murphy, pers. comm.),
McLeod Mine (McLeod River Coal Ltd. 1982) and the Widco Site in
Washington (Clausing 1981) and is presently being implemented at the
Westmoreland Mine in Montana (Westmoreland, n.d.).

6.2.4.2  Techniques. Riparian areas should be developed in moist
to wet areas that result from mine drainage and waterbody/water-
course creation and enhancement. Areas that remain moist throughout
most of the growing season are most preferable. Revegetation in
riparian areas should include an interspersion of trees, shrubs and
ground cover adapted to mesic and hydric conditions (see Section
6.3.3.3).
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6.2.5 Island Development

6.2.5.1 Concept. Small islands in lakes, ponds and wetlands can
provide additional terrestrial - aquatic edge and Tlittoral areas
while also providing an aesthetic landscape element in the water-
body. They are also an effective method of improving waterfowl
nesting success because of reductions in terrestrial mammal
predation (Stoecker 1982). Development of islands in conjunction
with mud flats and shoals can also improve feeding and loafing areas
for some waterbirds (Stoecker 1982). Islands can often be easily
created during the construction of ponds, lakes and wetlands,
particularly if recontouring or resloping of the basin is required.

6.2.5.2 Techniques. Artificial islands have frequently been
constructed as part of marsh enhancement programs (e.g., Ducks
Unlimited projects) and can easily be incorporated into the site
reclamation plans for most waterbodies. Front-end loaders and
bulldozers have been used effectively to construct artificial
islands prior to flooding (Nelson et al. 1978; Stoecker 1982;
Proctor et al. 1983). Cardinal River Coal may include artificial
islands in their pit-lake reclamation program (G. Acott, pers.
comm. ). Specifications for construction of artificial islands
include location, size, substrate, elevation and shape.

6.2.5.2.1 Location. Waterfowl nesting/loafing islands should be
separated from the mainland by water at least 9.0 m wide and 0.5-0.6
m deep (Keith 1966). Where several islands are to be constructed in
a waterbody, they should be well dispersed to reduce territorial
strife during the breeding and nesting periods. Hook (1973)
suggested that islands be separated by a minimum of 33 m to minimize
territorial strife and encourage nesting by Canada geese.

Shelter from prevailing winds is an important considera-

tion in reducing wave erosion of the island and encouraging wildlife
use (Stoecker 1982). Preferred locations include the upwind side of



57

the waterbody, and coves protected areas behind larger peninsulas.
Tree and shrub plantings on the mainland, upwind from the island,
can also be used to protect the island.

6.2.5.2.2 Size. Island sizes of 1 to 200 m? or larger have been
employed successfully in a number of lake/marsh enhancement programs
(Hammond and Mann 1956; Nelson et al. 1978; Giroux 1981; Stoecker
1982; Proctor et al. 1983). Although size is not critical to
wildlife use of islands, those larger than 200 m? probably are more
cost-effective to build than smaller islands (Proctor et al. 1983).
In large waterbodies, several well-spaced smaller islands are
preferable to one large island.

6.2.5.2.3 Substrate. Islands may be constructed of overburden, rock
or any other relatively stable fill material. Where wave action may
erode the structure, rock rip-rap, gabions or wood cribbing can be
used for short-term stabilization. Because vegetation enhances the
value of islands to wildlife, the island should be capped with top
soil to provide a suitable substrate for plant growth (Stoecker
1982; Proctor et al. 1983). Straw mulch can also be applied as a
short-term stabilizing cover. Vegetation established on the island
should be appropriate for its size and intended use. On small
islands or islands intended primarily for waterfowl use, plantings
of grasses, forbs and emergent aquatic plants are preferred. On
larger islands, areas of riparian shrubs and trees can be estab-
lished to increase habitat diversity, to stabilize the island banks
and to provide some protection from wind exposure.

6.2.5.2.4 Elevation. The tops of artificial islands should be at
least 1 m above the high water mark to avoid nest destruction during
flooding or severe wave action (Proctor et al. 1983).

6.2.5.2.5 Shape. Shape is not an important design criterion for

small islands but becomes increasingly more important as the island
size increases. On larger islands, irregular shorelines provide the
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best wildlife habitat (see Section 6.2.2.2.5). Small peninsulas and
bays offer protected areas for waterfowl feeding and loafing whereas
crescent shaped islands, oriented away from the prevailing winds,
provide larger protected areas (Stoecker 1982). Mud bars, shoals,
exposed cobble areas and snags can also be incorporated into the
island design (Figure 4) to provide additional habitat diversity for
some species of birds and mammals (Stoecker 1982).

6.3 REVEGETATION

Following development of post-mining topography and
watershed re-establishment, revegetation is the final and essential
element in successful reclamation. Until recently, few attempts had
been made to reclaim vegetation communities on mine areas.
Consequently, our knowledge of community reclamation and plant
community dynamics on reclaimed 1land s wminimal. Reclamation
research to address community development is presently underway at
Cardinal River Coal (G. Acott, pers. comm.), Coal Valley (R.
Ferster, pers. comm.), Westar Mining (1983), and Whitewood Mine (P.
Lulman, pers. comm.).

The revegetation component of wildlife habitat reclamation
must consider a wide variety of factors including seasonal habitat
requirements of the key species, size of the reclamation area, site
geoclimatic constraints, the selection of palatable and unpalatable
plant species appropriate for the key species and probable microsite
conditions, successional patterns within the re-established commun-
ities, spatial arrangement of plants within the communities and
spatial arrangements of community blocks.

6.3.1 Revegetation For Key Species

The main function of the revegetation plan, from a
wildlife habitat perspective, is the integration of proposed vegeta-
tion communities with physical features of the site to fulfill the
needs of the selected key species. Vegetation communities provide
the essential elements of food and/or cover for most wildlife and
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can provide or enhance access to the other essential element,
water. Cover requirements can include thermal cover, reproductive
cover, and/or hiding and escape cover.

In developing a conceptual approach for revegetation of
wildlife habitat in the mountain and foothills biomes, we are faced
with the reality that different plant communities are adapted to
different biophysical conditions. Regardless of the perceived
requirements of a key species for a particular habitat, we cannot
provide that habitat unless the basic requirements of soil moisture,
aspect, slope and exposure are present. For example, if no steep,
south-to-southwest facing slopes with high wind exposures are avail-
able in a reclamation site, it 1is unlikely that we will be able to
successfully re-create some types of elk and deer winter range. The
success of the revegetation program in re-establishing wildlife
habitat is dependent on the recognition of the physical constraints
of the post-mine topography and hydrology on plant community
development.

The spatial requirements of wildlife species in relation
to the size of the reclamation area places additional constraints on
a revegetation program. Each species exploits several habitat types
during its lifetime to obtain an acceptable balance of food, cover,
and water, and it may not be possible or desirable to provide all of
these requirements in a single reclamation area if this will result
in overcrowding. The size of a reclamation area, in relation to the
spatial requirements of a key species, obviously will inf luence the
number and types of habitats and special habitat features that can
be realistically provided. However, space requirements for most
wildlife species are poorly understood. In particular little
information on the spatial requirements of the key species in
relation to specific life and seasonal phases is available that is
specific to the mountains and foothills biomes of Alberta.
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The existing successional states of many of the major
habitat ecoregions in the mountain and foothills biomes (Section
5.0) reflect a history of fire suppression. Seral habitats are less
abundant today than in the past whereas mature, later-successional
habitats are abundant. Most reclamation sites in the mountain and
foothills biomes remove areas of homogeneous mature forest cover
that are small in relation to the regional abundance of these forest
communities. In many cases, forest communities adjacent to reclama-
tion sites will provide ample thermal cover and, possibly, hiding
cover for wildlife (Wallis and Wershler 1979; Millson and Bondy
1984).  Therefore, it would seem most beneficial to wildlife if
habitat reclamation focused initially on the provision of food,
reproductive cover and hiding cover (to promote use of the new food
sources). Although some provisions may be made to re-establish
thermal cover over the long-term, the length of time required to
restore thermal cover (e.g., 70 to 130 years or more) (Thomas et
al. 1979c), precludes its consideration in programs aimed at restor-
ing early successional communities (Section 6.0). Thermal cover
also could be provided by minimizing the clearing of mature forest
cover on a development site. Maintenance of these uncleared
'islands' would also provide some food and cover for wildlife and a
seed source for natural revegetation.

6.3.2 Selection of Species
The relationship between vegetation communities, their

species composition and utilization of these species by wildlife is
complex and not well understood, yet plant species selection is an
essential element in the rehabilitation of 1land for wildlife
habitat. Animal preferences for plant species do not follow common
methods of vegetation classification. Wildlife may use one group of
plant species for food and another group of species for hiding or
thermal cover; additional plant species may be important components
of reproductive cover, or may provide a suitable source of mois-
ture. Use of these vegetation groups also may be influenced by
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season or factors such as harassment by humans, natural predators
and inter- and intraspecific competition.

In the following discussion, we examine several factors
that will influence the choice of revegetation species for wildlife
habitat: key species requirements, forage quality, palatability and
revegetation potential.

6.3.2.1 Key Species Requirements. Trees, shrubs and/or ground

cover must be selected to satisfy the seasonal requirements of the
key species for food and cover. Dietary analyses of bighorn sheep
and elk have been used to select plant species for use in the
reclamation program at Crowsnest Resources (B. Densmore, pers.
comm.). Plant species that are commonly consumed by elk and bighorn
sheep will be included in the seed mix (if seed fis available) as
well as 3-4 species of plants known to survive well on the site.
Reviews of the major dietary requirements of several large
herbivorous mammals were compiled to provide lists of plant species
for potential use in the reclamation program at the Cardinal River
(Wallis and Wersher 1981) and Fording Coal (Norecol 1984) mine
sites. Introduced and native plant species of known commercial
propagation that are utilized by the ten key species are summarized
in Table 13.

6.3.2.2 Forage Quality. Quality of forage should also be

considered in species selection. Considerable controversy has
arisen over the use of native species as opposed to commercial
species in revegetation (see Sims et al. 1984 for a review). Native
species are often suggested as preferred species for wildlife
habitat reclamation because they are adapted to local conditions and
are utilized by wildlife in natural areas. There is insufficient
evidence, however, to suggest that introduced or agronomic species
are inferior or superior to native species in terms of adaptability,

wildlife preference, nutritional value and productivity (Institute
of Land Rehabilitation 1968; Sims et al. 1984).
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Table 13. Introduced and native plant species of known commerical
produciton that are potentially suitable for wildlife
habitat reclamation in the foothills and mountain biomes of
Alberta. (Only those species that are preferred (t) or
moderately utilized (o) by the key species and that are
currently feasible to propagate are included.)

PLANT SPECIES
©

MAMMAL
SPECIES

Grasses
Introduced Legumes

Fescue, Creeping Red
Timothy, Hay
Wheatgrass, Northern
Wheatgrass, Slender
Wheatgrass, Streambank
Alfalfa (Falcata)
Native Forbes
Anemone, Cut-leave
Northern Bedstraw

Alfalfa (Sativa)
Anenone, cLa89e

Brome, Smooth
Anemone, Canada
Fleabane Spp.
Indian Paint

Bunchberry
Harebell

Aster Spp.

Snowshoe
Hare

Beaver

Muskrat

Elk ttt t t t t t 0
Moose
Caribou

Mountain
Goat o]

Bighorn
Sheep

Spruce
Grouse

White-tailed
Ptarmigan

Table 13 continued.....
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Snowshoe
Hare

Beaver

Muskrat

Elk

Moose

0

Caribou

Mountain
Goat

Bighorn
Sheep

0

Spruce
Grouse

t

t

White-tailed
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Table 13 concluded.....
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Several recent studies suggest that some agronomics may
produce higher quality forage than native species. Kilcher and
Looman (1983) demonstrated conclusively that introduced varieties of
crested wheatgrass, Russian wild ryegrass, and Altai wild ryegrass
outyielded and generally had higher crude protein and phosphorus
levels than did 5 native grass species. A native cultivar of
slender wheatgrass (cv. Revenue), however, performed better than
most of the introduced varieties. The authors also note that the
high-yielding introduced varieties did not allow between-row growth
of other plants (weeds), a characteristic which may not be desirable
if succession to a native plant community 1is to be encouraged.
Troelsen and Campbell (1959) investigated the nutritive value of six
grasses cut and cured as hay in early July. Rankings from best to
worst were: (1) Russian wild ryegrass, (2) crested wheatgrass and
streambank wheatgrass (equal native spp.), (3) intermediate
wheatgrass, (4) tall wheatgrass, and (5) reed canary grass. Other
studies have identified Russian wild ryegrass as the best winter
forage variety available (Smoliak and Bezeau 1956; Lawrence 1977).
Recent variety releases of Altai wild ryegrass (Prairieland) and a
native species, northern wheatgrass (Elbee) may have value as winter
forage (Agriculture Canada 1977, 1980). Elbee established well and
was similar to Magna smooth brome in yield after one year in trials
near Hinton but Altai wild ryegrass failed to establish an adequate
stand (Smith and Walker, in prep.)

Several studies in the western United States have shown
that although introduced species may be more productive than native
species during the first several years after seeding, productivity
of native species increases after the first few years and may exceed
that of introduced species (see Sims et al. 1984 for a review).
Mitchell (1973 cited in Sims et al. 1984) suggested that native
grasses sacrifice seed production for vegetative growth and propaga-
tion during the initial establishment period. Once established,
however, these native species require little maintenance as a result



68

of their adaptations to the biogeoclimatic conditions and, hence, in
the long term, are preferred to introduced species.

Until further research is conducted to determine if native
or introduced species are preferable for reclamation of wildlife
habitat, it is not possible to recommend selection of either group
at the expense of the other. Moore et al. (1977; cited in Sims et
al. 1984) suggest that plant species selection should focus on the
successional status of the species rather than its genetic source.
For the present time, species should be selected that are preferred
by wildlife but that also can be grown with moderate to high success
within the conditions of the reclamation site.

Wildlife habitat should not necessarily be equated with
the production of forage (Scotter 1980). The question of 'the
relative importance of forage-related compared with structure-
related habitat features as predictors of habitat use' needs to be
answered. Also ' . .research should be concerned not only with the
quality and quantity of habitat but also with whether habitat can
and will be used' (Scotter 1980:24).

6.3.2.3 Palatability. Forage palatability may be a valuable tool
for managing artificially created wildlife habitat. Plants with Tow
palatability could be seeded on areas sensitive to overuse (e.g., a
high erosion hazard), or critical to other wildlife such as ground-
nesting birds. Seasonal differences in palatability of plants
raises the possibility of avoiding the problem of overuse of winter
forage supplies early in the season. However, the effect of
palatability on reclamation for wildlife are not well understood and

further research is required.

Research on wildlife preferences for commercially avail-
able species is almost non-existent. Smith et al. (1979) found that

captive elk fed dried grass forage appeared able to distinguish
between closely related species. For example, intake rate was
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different for creeping red fescue, and chewings red fescue, bearded
wheatgrass, and streambank wheatgrass and northern wheatgrass.
Creeping red fescue and smooth bromegrass were preferred species at
the mid-season phenological stage. Streambank wheatgrass, initially
was shunned by the elk but later was consumed quite rapidly suggest-
ing an acquired taste (USDA 1972).

Plant palatability in free-ranging situations is difficult
to assess. Palatability rankings based on levels of utilization may
reflect actual palatability as well as plant availability. In cases
where palatable species are overgrazed or uncommon, less palatable
and more commonly-occurring species may be utilized more than the
palatable species. The nutritional value of these less palatable
species may exceed the nutritional value of the palatable species
under some range conditions (M. Ross, pers. comm.)

Observations of ungulate use of ground covers commonly
seeded on reclamation sites in British Columbia and Alberta suggest
that growing conditions and fertilization on reclaimed sites may
alter the palatability of many plant species for wildlife. ETk will
preferentially consume some species but will eat almost any of the
species planted on a site (G. Harrison, pers. comm.; D. Lane, pers.
comm.; D. Walker, pers. ob.). Bighorn sheep have also been observed
not to be highly selective of ground cover species on reclaimed
sites (G. Acott, pers. comm.).

6.3.2.4 Reclamation Potential. Selected species must, of course,

be available as seed or for propagation and be viable under the
reclamation conditions. The present studies by Pedocan (in prep.)
and Dempster and Associates (in prep.) should provide valuable
information on the reclamation potential of tree, shrub and ground
covers and the growth potential of tree species on reclaimed soil,
respectively. As a general guide, however, we have compiled a list
of grass, legume, shrub and trees species which are suitable for
wildlife habitat reclamation (Table 13). The list is not meant to
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be comprehensive as there already exist numerous reviews of poten-
tial species (e.g., Wallis and Wershler 1979; Watson et al. 1980;
Ferguson 1983; McArthur 1983; Monsen 1983; Rumbaugh 1983; Norecol
1984).

6.3.3 Plant Community Reclamation

In section 5.0, we briefly described the major ecoregions
of the mountain and foothills biomes, and the successional trends,
wildlife communities and reclamation potential of these ecoregions.
As a result of propagation problems and implementation costs (see
above), we may not always be able to utilize all of the plant
species that we require to meet the needs of the key wildlife
species or to restore the various habitat strata for community
development. Despite these difficulties in plant and seed supply,
revegetation for wildlife habitat should still attempt to develop
plant communities as opposed to monotypic or homogeneous block
plantings, in order that successional processes are encouraged as
much as possible.

In the following section, we briefly discuss the concept
of plant community development in wildlife habitat reclamation and
the distribution of plant communities 1in the reclamation site.
Information on community location and structure was derived from
McLeod River Coal Ltd. (1982), Hardy Associates (1982), Westar
Mining (1983), WECO (1984) and Westmoreland (1984). Potential
locations of plant communities in relation to specific physical
features within ‘'typical' reclamation sites are illustrated in
Figures 5 and 6. Specific revegetation techniques for wildlife
habitat are considered in Section 6.3.4.

6.3.3.1 Grasslands. Reclaimed grassland communities might include
an upland grass community, a lowland grass community and a riparian
or sedge-dominated grassland.
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Upland grass communities are best developed on xeric sites
with a high degree of exposure to wind and sun. Planting mixes
should include a mixture of predominantly warm season grasses
(Westar Mining 1983). Upland grass communities would likely be an
important component of elk and deer winter range as well as a year-
round forage source for bighorn sheep and mountain goats.

Lowland grass communities can be established on mid-and
lower slopes with eastern, southern or western exposures. Cool
season grasses should preferably dominate the seed mix. LowTland
grass communities would provide nesting cover for waterfowl and
passerines, spring-fall foraging areas for ungulates, and habitat
for some small mammals. |

Riparian or sedge-dominated grasslands can be established
on poorly drained areas at the base of slopes, in moist depressions
or adjacent to reclaimed wetlands and watercourses. Sedges,
graminoids and forbs adapted to hydric and mesic conditions should
dominate the seed mix. Riparian grasslands would provide nesting
cover for waterfowl and passerines and excellent cover and food for
small mammals.

6.3.3.2 Emergent Aquatics. Emergent aquatic communities can be

developed in association with permanent or semi-permanent wetlands
or other waterbodies. Possible species include bulrushes, cattails,
reed grasses, sedges, water 1illies, and submergent vegetation such
as duckweed and pondweed. Transfers of bottom ooze and rootstocks
from adjacent natural wetlands can be employed to accelerate estab-
lishment of emergent vegetation (Crawford and Rossiter 1982).
Emergent communities provide a food source for muskrat, beaver and
some waterbirds, nesting sites and materials for waterfowl and some
passerines and construction materials for muskrat.

6.3.3.3 Shrub Meadows. Shrub meadows can be established in
association with Tlowland grass communities or riparian grassland
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communities. To maintain a relatively open community, mature shrubs
should not occupy more than 25 percent of the area. Potential
species include willows, alders and dwarf birches. Shrub meadows
are best established in close association with waterbodies and
wetlands in order to provide nesting cover for waterbirds and
passerines. They can also be used as an ecotone between denser
shrublands and grasslands.

6.3.3.4  Shrublands. Shrubland communities can include upland
shrubland and riparian shrubland.

Riparian shrubland can be developed in a variety of mesic
situations along waterbodies and watercourses, and in moist depres-
sional sites and valley bottoms. Tall willows, dwarf birch and,
possibly, alders should dominate the plantings. Balsam poplar could
also be incorporated to eventually provide a tree stratum along
watercourses. Riparian shrublands will provide cover and browse for
most ungulates and white-tailed ptarmigan, a food source and
construction materials for beaver, and nesting sites for passerines
and some waterbirds.

Upland shrub communities can be established on east, south
and west-facing slopes and in flat areas. Planting success will
likely be highest if first plantings are concentrated in shallow
depressions or draws. Potential species include willows, alder,
red-osier dogwood, saskatoon and wood rose. At maturity, shrub
densities should be in the range of 25 to 75 percent; higher
densities may restrict browsing and wildlife movements. Upland
shrub communities are important as a source of winter browse and
cover for ungulates and snowshoe hares.

6.3.3.5 Deciduous Forest. Deciduous forest communities dominated

by trembling aspen can be located in south to west facing areas with
mesic to xeric moisture regimes. Mixed plantings of trembling aspen

and several shrub species such as saskatoon, wood rose, red-osier



75

dogwood, buffaloberry and bearberry would provide varied habitat
strata and food sources for ungulates, small mammals and passer-
ines. In xeric sites, ground Jjuniper could also be planted as a
ground cover.

6.3.3.6 Mixed-wood Forest. Mixed-wood forests are best suited for

mid- to lower slope Tlocations with east, west or south-facing
aspects. Species mixes may include trees such as trembling aspen,
lodgepole pine, Douglas fir, Englemann spruce and white spruce and
shrub species such as red-osier dogwood, wood rose, saskatoon, high
and low bush cranberry, alder and willow. This community can be
established as an earlier successional stage for many of the
coniferous-dominated communities (see below). At maturity, this
community would provide a source of winter browse for ungulates and
snowshoe hares, summer foods for small mammals and ungulates, and
hiding cover and nesting sites for a number of passerine birds.

6.3.3.7 Coniferous Forest. Coniferous forest communities can be

established in a variety of reclamation conditions. Alpine
fir-white spruce forests can be established on north-facing slopes
at mid to high elevations. Lodgepole pine-white spruce forests can
provide good cover on flat or gently sloping north to northeasterly
locations; alder is an important shrub component in this community.
Lodgepole pine-black spruce communities are best located on mid to
Tower slope areas on northern and eastern aspects. Labrador tea,
bog birch and bog cranberry should dominate the shrub stratum.
Black spruce-tamarack forest communities can be planted in hydric to
mesic sites on northern and eastern aspects or in flat areas.
Dominant shrubs should include dwarf birches, willows and alder.
During the first two decades after establishment, coniferous forests
can provide some browse, hiding cover and reproductive cover for
mammals and birds. At maturity, however, coniferous forests
primarily provide thermal and hiding cover for wildlife plus food

supplies for climax-adapted species such as red squirrels or
caribou. Because coniferous forests provide only Tlimited food
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supplies for most herbivores, coniferous units should be located in
close proximity to more open communities such as shrublands,
deciduous forest, shrub meadows and grasslands, which offer a
greater abundance and diversity of plant foods.

6.3.4 Revegetation Configurations and Planting Patterns

Following selection of plant species appropriate for
habitat reclamation and physical conditions in the area, considera-
tion must be given to the placement and interspersion of communities
on the site. Factors that should be considered include the size and
spatial configurations of the units, and planting patterns within
the units.

In the following discussion we have assumed that as a
result of time and cost restrictions, the initial reclamation phase
will concentrate on establishing shrub or tree habitat units
interspersed with grasslands or shrub meadows. Additional units may
then be established in the interstitial areas as time, funds and
materials permit.

6.3.4.1 Habitat Unit Size. The determination of optimum size or

maximum-minimum ranges for habitat units is a difficult and complex
task. Useable habitat unit sizes vary among wildlife species as
well as among the types of habitat being reclaimed (Thomas et al.
1979b). The surrounding habitat composition and topography in
undisturbed sites also can affect the optimal size of reclaimed
habitat units.

The most detailed information on habitat unit size for elk
and deer was provided in an intensive wildlife-forestry study in the
Blue Mountains of Oregon (Thomas et al. 1979a). Based on data for
elk use of forest cover and openings (Reynolds 1962, 1966), Thomas
et al. (1979b) suggested that the ideal cover: forage ratio for elk

and deer was 40 percent cover to 60 percent forage. Thomas et al.
(1979b) recommended that this ratio be used to guide forestry
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operations and reforestation plans such that 40 percent of the
area was maintained or restored as forest cover and 60 percent as
open grasslands or shrub meadows.

Based on Reynolds (1962, 1966) data, Thomas et al. (1976)
also suggested that optimal hiding cover for elk is between 4 and 8
sight distances (e.g., 183 to 366 m) in width. Sight distance is
defined as the width of a vegetation band capable of hiding 90
percent of an elk from a person. They also suggested that to
maximize elk use, artificial openings should not have any point
further than 183 m from cover, thus allowing for a maximum opening
size of 366 m before additional cover units are required in an
opening.

These distances have subsequently been used to determine
the optimal size of undisturbed islands of habitat for elk (12 ha
the approximate area of a circle with a radius of 183 m) (Thomas et
al. 1979b) and the maximum distance between areas of woody and open
cover (366 m) (e.g. Wallis and Wershler 1979; Westar Mining 1983).
Restoration of cover: forage ratios for elk habitat also has been
suggested as reclamation goals (Westar Mining 1983; Millson and
Bondy 1984). Other work by Thomas et al. (1979b) suggests that
thermal cover for elk on a summer or transitory range should consist
of trees 12 m or higher, with an average canopy closure of 75
percent or more in habitat blocks of 12-24 ha.

Similar research on habitat requirements for wildlife in
the mountain and foothills biomes of Alberta is virtually non-
existent. Some studies have been undertaken by the Alberta Fish and
Wildlife Division to determine optimal cover: forage ratios for
selected wildlife species but results are not yet available (Millson
and Bondy 1984). Based on the Blue Mountains study (Thomas et al.
1979a), it could be suggested that optimal unit size for elk habitat

is 12 ha with forage and cover units spaced at distances no greater
than 366 m from each other. Such extrapolation is not without
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problems, however, and care should be exercised in the application
of this information to Alberta. Wildlife habitats, seasonal range
use and hunting pressure in the Blue Mountains differ from those in
Alberta and, consequently, the sight distances and cover: forage
ratios also may differ. For example, seasonal and elevational range
use by elk in the vicinity of the Fording Coal Mine near Elkford,
B.C. is different from elk range use reported for the Blue Mountains
and, as a result, critical spatial requirements may also differ (D.
Lane, pers. comm.).

6.3.4.2 Spatial Configurations of Habitat Units.

6.3.4.2.1 Concept. Much of the revegetation efforts on coal mine
areas inAlberta has concentrated on reseeding of agronomic and/or
native ground cover mixes to provide erosion protection, assist in
soil reconstruction and promote nutrient cycling. Large numbers of
tree seedlings have also been or will be established at some sites
(e.g., Luscar, Gregg River and Obed mines) to satisfy the Alberta
Reforestation Guidelines. These plantings generally have involved
only commercial timber species with an emphasis on use of lodgepole
pine and white spruce.

Use of shrubs on reclamation areas 1is a relatively new
practice. Intermixed plantings of trees and shrubs to promote plant
community development have been employed on a minor scale at the
Cardinal River (G. Acott, pers. comm.), Whitewood (Carbyn et al.
1984) and McIntyre (V. Belts, pers. comm.) mine sites. Community
plantings also are planned at the Gregg River (M. Murphy, pers.
comm.), Westar Mining (1983) and MclLeod River Mines (McLeod River
Coal 1982).

Clump or habitat unit plantings of woody vegetation can
benefit wildlife in a number of ways. Once established, shrubs and
tree cover can improve soil moisture by locally increasing snow
accumulations, shading the soil and reducing wind evaporation



79

(Tessman 1982). If topsoil supplies are scarce, topsoil islands
provide one method of creating microsites with acceptable soil
depths and quality. These benefits may, in turn, promote the
natural invasion of woody species into adjacent areas.

Woody habitat wunits provide structural and floristic
diversity, particularly when established in grassland areas (Westar
Mining 1983). Use of woody habitat units also increases the amount
of edge and the availability of ecotone habitats to wildlife.
Careful interspersion and shaping of woody habitat units can promote
wildlife movements into and through the reclamation area by provid-
ing hiding cover and travel corridors.

6.3.4.2.2 Techniques. Implemented and proposed techniques to
establish woody vegetation for wildlife include shrub clusters,
topsoil islands, forest stringers, hedgerows and natural vegetation
islands.

1. Shrub Clusters. Shrub clusters have been utilized or

suggested in several wildlife habitat reclamation
programs (Clausing 198l; Tessman 1982; WECO 1983;
Westar Mining 1983) to improve soil moisture and to
increase vegetation structure and diversity.  Shrub
clusters can provide nest sites for passerines as well
as cover and browse for mammals and upland game birds.

Shrub clusters can be encouraged by integrating shrub
planting with the topography and soil moisture
patterns. Most shrubs will grow well in Tlowlands,
depressions, draws and on north-facing slopes.
Tessman (1982) recommends that shrub clusters be
planted exclusively with shrub stock and seed.
Herbaceous and graminoid ground covers should be
discouraged until the cluster is well-established in
order to reduce competition for water and nutrients.
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If dense ground cover already exists, the area should
be scalped prior to planting of the shrubs or the
vegetation removed with herbicides.

If shrub clusters are required on wind exposed slopes
or ridgetops (e.g., as a component of ungulate winter
range), it will probably be necessary to provide some
physical protection for the shrub patch to reduce wind
erosion and desiccation and to promote moisture
accumulation (Tessman 1982; G. Acott, pers. comm.).
Snow fencing has been used with limited success to
protect island plantings at the Cardinal River Coal
Mine (G. Acott, pers. comm.). Rock walls and soil
berms may also be wuseful in protecting shrubs in
exposed sites.

Topsoil Islands. Topsoil islands, by providing a

relatively thick, high quality growth medium, can
accelerate the establishment of a woody vegetation
community. The concept has been employed on an
experimental basis at the Cardinal River Coal site
(G. Acott, pers. comm.) and was to be incorporated
into the wildlife reclamation plan at the Gregg River
mine (M. Murphy, pers. comm.). At the Cardinal River
mine, the reclamation site was capped with regolith
and seeded with a grass-legume seed mix. Islands of
topsoil were created by applying a 35 to 40 cm layer
of topsoil in discrete patches. A mixture of
coniferous trees and deciduous shrubs were then
planted on the islands. Success to date has been
limited because of the highly exposed nature of the
site and trampling by bighorn sheep. Research on the
island concept is ongoing with emphasis on the use of

native shrubs; 15 species which occur Tlocally are
being evaluated for use.
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A preliminary study of the island concept (Wallis and
Wershler 1979) suggested that tree islands be stag-
gered along the perimeter and throughout the central
portion of a mine site such that no island is more
than 90 m from the undisturbed forest edge or an
adjacent tree island (the 90 m distance is derived
from line of site distances discussed by Thomas et
al. [1976]) (Figure 7). The islands proposed for the
Gregg River mine were to have been 3 ha in area with
predominantly coniferous tree plantings (Hardy
Associates 1982). Additional plantings of a mixed
forest shrub community were to have been interspersed
among the islands.

Westar Mining (1983) proposed a similar forest island
concept, except that islands would be established on
friable, uncompacted soil rather than topsoil
deposits. Size, location and structure were to be
determined on the basis of a number of site criteria
and wildlife use. Tree and shrub species were recom-
mended for four elevational stata and three slope
positions within each stratum (Table 14).

Forest Stringers and Hedgerows. Forest stringers can

be used to reduce wind exposure and soil moisture
losses as well as to provide visual breaks and travel
corridors for wildlife (Podol1l 1979; Anderson and
Markham 1981; Poston and Schmidt 1981; Westar Mining
1983; PFRA n.d.). Depending on the width of the
stringers, some species such as upland birds also may
utilize these areas for nesting sites and escape
cover. '

Forest stringers have been used in Montana (WECO 1983)
and are presently being considered by several mines in
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Alberta and British Columbia (Wallis and Weshler 1979;
Westar Mining 1983; G. Ascott, pers. comm.) to promote
wildlife movements through and into sites. Wallis and
Wershler (1979) suggested that stringers be estab-
lished at intervals of approximately 1000 m and be
continuous or with gaps no greater than 90 m. Forest
stringers should conform to the natural topography of
the site and compliment natural wungulate travel
corridors such as valley bottoms, draws and ridgetops
(Westar Mining 1983; PFRA n.d.; G. Ascott, pers.
comm.). Anderson and Markham (1981) suggested use of
- hedgerows to promote wildlife movements to and from
wetland areas and watercourses. Westar Mining (1983)
may convert some of the abandoned haul roads on their
site to wooded travel corridors for wildlife. Forest
stringers also may be useful in providing protected
corridors between bluffs or rock outcroppings (PFRA
n.d.). Such corridors may be useful in encouraging
movements of bighorn sheep and mountain goats between
suitable forage areas. If prevailing winds are common
from more than one direction, L-, U- or E- shaped
designs can provide increased protection for wildlife
(Proctor et al. 1983).

Wide multirow shelterbelts provide better wildlife
habitat than narrow, single-row plantings (Podoll
1979; Poston and Schmidt 198l; Proctor et al. 1983).
Protector et al. (1983) suggest a minimum of 10 to 15
rows for shelterbelts in areas subjected to blizzard
conditions. Coniferous and deciduous trees should be
planted in the central portion of the shelterbelt
cross-section (Figure 8) with sequential rows of tall
shrubs, low shrubs and tall ground covers (Poston and
Schmidt 1981; PFRA n.d.). These mixed strata plant-
ings offer better wind protection, promote snow
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accumulation and provide increased structural and
floristic diversity in a relatively narrow space.
Undulating or irregularly-shaped hedgerows provide
more habitat edge and ecotone habitat as well as a
reduced line of sight distance and improved hiding
cover for wildlife (PFRA n.d.).

4. Natural Vegetation Islands. Preservation of islands

of natural wooded vegetation can provide immediate
cover and forage for some species of wildlife while at
the same time augmenting natural dispersal of native
plant seed into reclaimed areas (Stanlake et al. 1978;
Tessman 1982). Stanlake et al. (1978) evaluated
ungulate use of three abandoned mine sites in British
Columbia, and noted that intact vegetation islands
were used intensively by ungulates for cover during
use of or travel through the disturbed areas.
Transplants of natural vegetation islands also have
been recommended as a means of providing immediate
cover for wildlife (Tessman 1982; Proctor et al.
1983). The Tlocation of intact natural islands should
compliment the operational mine plan. Wide-scale
clearing of the mine site should be avoided and as
many vegetation islands as possible should be left
within the mine development site.

6.3.5 Planting Configurations Within Habitat Units
Because of the small number of wildlife habitat reclama-

tion programs that have been implemented in Alberta (or elsewhere),
little information is available on optimal planting configurations

for wildlife use.

6.3.5.1 Planting Structure. Schematic configurations for struc-

turing habitat blocks, primarily windbreaks, have been propoed for
some wildlife uses (Poston and Schmidt 1981; Proctor et al. 1983;
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PFRA n.d.). A possible planting structure for forest stringers or
hedgerows has already been discussed (Figure 8).

6.3.5.2 Plant Spacing. Literature is available on plant spacings

for successfui reforestation and revegetation (AFS 1979; Watson et
al. 1980) but Tittle information was found that addressed the
optimal stocking rates for effective restoration of tree and shrub
cover for wildlife use. The Alberta Forest Service Regeneration
Guidelines (AFS 1979) recommend a minimum stocking rate of 1 seed-
ling/8 m or 1250 seedlings/ha. On the Gregg River Mine site,
proposed stocking rates were 1100 trees/ha with spacings of 3 m x
3 m. This was estimated to provide a minimum of 800 trees/ha by the
end of the first growing season. Shrubs were to be planted in
clumps of 2 to 5 seedlings with a minimum 2 m spacing between
clumps.

At the Westar Mine (Westar Mining 1983), stocking rates
differ according to planned habitat type for a site. Shrubs are to
be planted at 10 to 20 m spacings in grassland sites and at 3 to 5 m
spacings in proposed winter range sites. In forest island plant-
ings, stocking rates for all trees and shrubs combined will be 2000
stems/ha, with irregular spacing to promote a mosaic planting
pattern and uneven edge.

For windbreaks, Proctor et al. (1983) suggested spacings
of 1 to 1.2m x 3.7 to 4.6 m for shrubs, 1.8 to 2.4 m x 3.7 to 6.1 m
for tall bushy trees. Closer spacings were recommended for the
windward edges of shelterbelts to provide increased wind protection
and reduced snow drifting within the shelterbelt.

6.4 SPECIAL STRUCTURES

A variety of structures and techniques have been used to
provide immediate improvements in structural and topographic diver-
sity of wildlife habitat in disturbed areas. Some of the methods
that may be of value in the mountain and foothills biomes include
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enhancement of highwalls, creation of rock talus, rock piles and
brush piles, placement of logs, stumps, snags and artificial nesting
structures.

6.4.1 Enhancement of Highwalls

6.4.1.1 Concept. During mining, many of the abrupt topographic
features such as cliffs, gullies, badlands and rough breaks are
altered. Because some of these features represent erosional forma-
tions, they are difficult to reconstruct. If the final cuts of a
mine area are in erosionally stable material, the highwall could be
enhanced for wildlife use (Tessman 1982; WECO 1982; Westar Mining
1983).

Cliff habitats provide shelter, escape corridors, visual
barriers, nest and den sites, perch and roost sites, and loafing
sites for a number of species (Maser et al. 1979a; Tessman 1982).
If properly integrated with the surrounding landscape, revegetated
and abutted with talus slope, reclaimed highwalls could also
increase the aesthetic appeal of the site.

Highwalls have been maintained as part of the wildlife
reclamation program at the Western Energy Mine in Montana (WECO
1982) and are to be incorporated into the reclamation plans at the
Cardinal River (G. Acott, pers. comm.), Gregg River (M. Martin,
pers. comm.), Crowsnest Resources (B. Densmore, pers. comm.) and the
Westar Mining (1983) sites to provide escape terrain for bighorn
sheep. Raptor nesting on the highwalls will be encouraged at all of
these mines.

6.4.1.2 Technique. Highwall reclamation is most valuable in areas
where natural bluff and cliff habitats are scarce. If intended as
escape terrain for bighorn sheep or mountain goats, grassland areas
should abut the formation on both the top and bottom of the highwall
since close proximity of the highwall to dense forest cover provides
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predators with easy access to sheep and goats (W. Wishart, pers.
comm. ).

Highwalls with igneous or metamorphic substrates are
preferable to sedimentary substrates because of the easily eroded
nature of sedimentary rock (Maser et al. 1979a). Highwalls ideally
should be located perpendicular to the slope contours and near the
top of a divide rather than parallel to the contours or in a
drainage bottom (Tessman 1982). Tessman (1982) provided a number of
general suggestions for highwall development in Wyoming (Table 15).
Maser et al. (1979a) indicate that increasing cliff height provides
more suitable habitat for wildlife. With increasing height, upward-
flowing warm air currents (thermals) are more predictable and
suitable for raptors. Cliffs within 400 m of water are also more
suitable for wildlife use (Maser et al. 1979a).

If the highwall is intended as escape terrain for bighorn
sheep or mountain goats, surficial alterations of the highwall face
may be necessary to provide adequate escape routes. At the Gregg
River and Crowsnest Resources mines, all highwalls with slopes
greater than 27° and 37°, respectively, are to be left as escape
routes for wildlife (G. Acott, pers. comm.; B. Densmore, pers.
comm.). Ledges or shallow caves in the cliff face can be created to
provide raptor and corvid nest sites (Maser et al. 1979a; Tessman
1982; WECO 1982).

6.4.2 Talus

6.4.2.1  Concept. Talus is usually associated with cliff habitats
and should be incorporated into most highwall enhancement projects.
Talus provides reproductive and hibernation habitat for a number of
species of small mammals and birds (Maser et al. 1979a). The pika
is the only obligate talus species of wildlife in the mountain and
foothills biomes but ground squirrels (golden-mantled, Columbian),
hoary marmots, and Neotoma wood rats also frequently inhabit talus.
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Table 15. Habitat considerations and specifications for highwall reclamation.
(Source: Tessman 1982).

Consideration

Specifications

Length

Height

Configuration

View

Ledges

Holes

Talus slopes

Access corridors

Vegetation

Impoundments

The applicant must provide a biological justification for whatever length is
selected. Smaller broken segments are preferred over one long continuous wall.

The maximum height will be limited by safety and stability considerations. If
possible, the height should be varied through the length of the highwall.

The face should undulate in horizontal cross-section. In other words, the wall
should project inward and outward, if possible, to provide visual barriers
between raptor nest sites. The slope angles of the wall should also be varied
as much as possible,

A broad unobstructed view from the face of the wall is preferred for raptors,
Hence, the opposing slopes should be graded to the base as gradually as
possible, rather than left steeply facing the wall.

Recommended dimensions are 1/2 to 2 m in width, 2 to 10 m in length., The
applicant should plan a variety of widths, lengths and heights for nesting,
perching, roosting, and loafing sites of various avian species.

These should be blasted or drilled into the face of the wall.

Recommended dimensions are 1/2 to 2 m in diameter and 1/2 to 2 m in depth. The
applicant should plan a variety of sizes and heights from the base for use by
raptors and small mammals.

Talus slopes should consist of rock debris piled to varying heights along the
base of the wall. Such debris may be deposited by blasting or they may be
hauled in with equipment. Taluses should be broken rather than continuous. The
function is primarily for small mammal den sites and to provide access
partially up the wall.

These are means by which mammalian species may ascend the wall without going
around the outer edges. They may be formed by blasting away sections of the
wall face or by contouring overburden up to the top of the wall. One to three
such sites would be sufficient along a 400 m highwall segment. Since these are
part of the experimental practice, their slope may exceed the legal maximum,
provided they are stable,

Whenever practical, species adapted to growth at the base or along the face of a
natural rimrock should be planted. Woody species might include Jjuniper
(Juniperus scopulorum) and mountain mahogany (Cercocarpus montanus). Moist
conditions will Tikely occur at the base providing suitable conditions for
growth of various shrubs. Ledges may offer shrub sites as well, Vegetation
planted along the top would help stabilize this erodible portion of the wall.

If an impoundment is included, the design must satisfy all requirements in the
performance standards (Wyoming Department of Environmental Quality 1983).
Impoundments cannot exceed 20 acre-feet (24,670 m3) or involve a dam over

6.10 m in height. Phreatophytic vegetation should be planted along shorelines
and the impoundment should abut talus slopes to prevent erosion and undercutting
of the highwall.
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Depth of talus and interstices among the rocks are important as they
permit animals to move inside the talus to the right temperature and
humidity regimes. Talus also provides access to highwall habitats
(Tessman 1982).

6.4.2.2 Techniques. Talus composed of large metamorphic rocks is
preferred to small rubble or sedimentary rocks, because the latter
two types erode easily and do not provide stable living places for
wildlife (Maser et al. 1979a). Talus of varying heights (and
depths) provides a greater diversity of microsites (Tessman 1982).
Larger talus areas also are preferable because they provide more
habitat and are more stable than small talus areas (Maser et al.
1979a). |

6.4.3 Rock Piles

6.4.3.1 Concept. Rock piles can be used to provide immediate
cover for wildlife, particularly during the first several years
after reclamation when vegetation cover is sparse. They can provide
den sites, shelter and hibernacula for small mammals and raptor nest
sites and perches (Maser et al. 1979b; Szafoni 1982; Tessman 1892;
Proctor et al. 1983). They also provide immediate topographic
diversity on a local scale and are particularly valuable to wildlife
when constructed in association with waterbodies (Szafoni 1982).
Westar Mining (1983) may use rock piles in their wildlife reclama-

tion plan.

6.4.3.2 Technique. Rock pile height should be 1 to 4 m and occupy
an area of less than 10 m2 (Szafoni 1982; Tessman 1982, Proctor et
al. 1983). Lengths can be variable and, in some cases, rock piles
can be created to provide a windbreak for vegetation (e.g., shrub
clumps) as well as wildlife habitat. Rock piles also can promote
snow accumulation and increased soil moisture (Tessman 1982).
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Rock piles are most useful to wildlife if the core of the
pile is constructed of 1 to 3 large boulders 1 to 4 m in diameter
surrounded by smaller rocks 1 m in diameter or less (Tessman 1982).
They do not need to be neatly constructed as irregular edges and
heights increase their attractiveness to wildlife. If rock piles
are intended for use by raptors, they are best 1located near
hilltops. In contrast, valley bottoms, draws and protected
hillsides are optimum locations of rock piles for mammals (Tessman
1982; Proctor et al. 1983).

6.4.4 Brush Piles

6.4.4.1 Concept. Woody vegetation removed during the clearing of
the mine site can be used to provide immediate cover for birds and
mammals. Brush piles provide similar benefits as rock piles
(Section 6.4.3) but are obviously not as permanent.

6.4.4.2  Technique. Brush piles can be constructed as mounds or
hedgerows (Szafoni 1982; Proctor et al. 1983) and can be combined
with rock piles to provide temporary cover (Proctor et al. 1983).
To maximize wildlife use, brush piles should be constructed over a
bowl-shaped depression or a log or rock base to provide clearance in
the pile. Larger brush (up to 5 cm twig diameter and 1.2 m lengths)
is the preferred construction material and should be anchored by
pushing the branches into the soil or securing with wire or rocks
(Tessman 1982; Proctor et al. 1983). Brush piles can be constructed
to provide some protective cover along travel corridors, or near
waterbodies for cover and nesting sites (Proctor et al. 1983).

6.4.5 Downfall, Stumps and Snags

6.4.5.1 Concept. Downfall, deadfall, stumps and snags are natural
components of all forest ecosystems and provide important microsites

for wildlife use. They are used as perching, nest and den sites
(Maser et al. 1979b; Tessman 1982). Downfall, deadfall and stumps
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also encourage arthropod colonization with subsequent benefits in
nutrient cycling and provision of a prey base for some birds and
mammals. They are also important in mycorrhizal colonization (Maser
et al. 1979b) and, by providing protection to newly-established
seedlings, may improve seedling survival (Westar Mining 1983). The
utilization and value of snags to wildlife has been reviewed by USDA
(1983). The wildlife reclamation plan at the Westar mine may
include deadfall placement. Snags have been used to attract
wildlife at the Cardinal River (G. Accot, pers. comm.) and Westar
mines (Westar Mining 1983).

6.4.5.2 Technique. Logs and stumps should be oriented parallel to
the slope contours in order to serve as a sediment trap and
accumulate moisture (Maser et al. 1979b). Large diameter logs are
preferable to small diameter logs because the amount of cover for
wildlife increases with log diameter. Because the value and uses of
logs and stumps to wildlife are modified with decomposition (Maser
et al. 1979b), logs of varying states of decay should be used.

Snags should be at least 20 to 30 cm DBH and 5 to 10 m in
height (Thomas et al. 1979d; Tessman 1982; Westar Mining 1983). The
base should be firmly anchored in rock or concrete. If use by
raptors is intended, snags should be placed near hilltops on the lee
side of the prevailing winds. Snags can also be placed near
waterbodies and riparian zones. Although a mix of hard and soft
snags (i.e., varying states of decay) is preferable, soft snags may
collapse when moved; hard snags are more easily handled (Westar
Mining 1983).

6.4.6 Artificial Nest Structures

6.4.6.1 Concept. Artificial nest structures can be constructed to
replace nesting sites for cavity-nesting birds (e.g., owls,

woodpeckers and some passerines), and platforms can be used during
initial stages of reclamation as nesting sites normally provided by
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large mature tree