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Dry Mixedgrass and Mixedgrass Recovery
Strategies Literature Review

Introduction

Reclamation practices following industrial disturbance in native prairie landscapes have been evolving as
industrial activity has been increasing in scope and scale. The Dry Mixedgrass (DMG) and Mixedgrass
(MG) Natural Subregions of Alberta are rich in petroleum resources with a large and diverse
development infrastructure located on native prairie. Recently, the development of renewable
resources, such as wind and solar energy, has expanded in the region, resulting in increased
infrastructure and industrial disturbance of native prairie to support these land uses. This literature
review examines recent developments in reclamation practices and studies of impacts of industrial
development in the DMG and MG.

Grasslands are high-value ecosystems, providing a large suite of essential ecological goods and services,
and contributing to the social and cultural landscapes of communities. Historically undervalued,
grasslands have been subject to rapid conversion and degradation, with the challenge of restoring these
complex ecosystems either underestimated as a straightforward assemblage of plant species via
seeding/revegetation, or wholly discounted. As our understanding of these complex ecosystems has
evolved over time it has become apparent that grasslands have more in common with old growth
forests than hayfields, their composition and attributes dependent on the complex interplay between
edaphic and climatic conditions with biotic (grazing) and abiotic (fire) disturbance factors across an
almost geologic time scale (Bond, 2021; Veldman et al., 2015). Grassland ecosystems are much more
than meets the eye, with well developed below ground structures from which species can re-sprout
following disturbances. Tillage or topsoil stripping rapidly destroys below ground structure and can
cause grasslands to cross a threshold beyond which restoration is difficult or impossible within decades
of these disturbances. Recreating these ancient ecosystems with a complete recovery of biodiversity
and ecological function is far more complex than reseeding and occurs slowly, or in some cases not at
all. Given the apparent existence of this threshold, it is vital that remaining old-growth grasslands are
protected, particularly from the threats that affect below ground processes and structure, as we cannot
rely on restoration to guide complete recovery after such degradation. Grassland restoration should be
viewed through the lens of a long-term trajectory towards an ‘old-growth’ objective guided by
knowledge of ecosystem feedback and shifting thresholds to understand how disturbance impacts and
restoration activities can assist with conservation and recovery of these globally valued landscapes.
(Buisson et al., 2022)

The primary effects of industrial disturbances are small to large-scale soil disturbance and vegetation
removal or alteration to facilitate industrial infrastructure and associated access infrastructure. Careful
planning can assist with mitigating the effects of these disturbances.
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Strategic Siting

Strategic siting is a key consideration for any industrial disturbance occurring in native landscapes. The
overarching approach to industrial development and disturbance in native landscapes should be focused
on:

1. Avoidance of native grassland plant communities
2. Minimal disturbance where avoidance is not possible

These principles are defined in the Principles for Minimizing Surface Disturbances in Native Grassland
(Alberta Environment and Parks, 2016), and supported by various regulatory tools and legislative
requirements to prevent conversion, fragmentation, and degradation of native grasslands.

Strategic siting supports the conservation and reclamation of native grasslands in balance with industrial
activities. Alberta Environment and Protected Areas provides guidance for strategic siting of
development projects in ‘Principles for Minimizing Surface Disturbance in Native Grassland: Principles,
Guidelines and Tools for all Industrial Activity in Native Grasslands in the Prairie and Parkland
Landscapes of Alberta’ (Alberta Environment and Parks, 2016) and ‘Conservation Assessments in Native
Grasslands, Strategic Siting and Pre-Disturbance Site Assessment Methodology for Industrial Activities in
Native Grasslands’ (Alberta Environment and Parks, 2018).

Restoration Trajectory and Timing

Although restoration activities exist along a continuum of efforts and outcomes, there are three general
levels of mitigation for industrial disturbances in native grasslands with differing objectives and
trajectories. Revegetation indicates to the reestablishment of plant cover, often using introduced
species, potentially as a monoculture, with the objective of reducing erosion and producing forage
resources. Reclamation refers to a return of to an approximation of original pre-disturbance site
conditions using similar plants as were present prior to disturbance. Restoration is the process of full
ecosystem recovery that considers plant species diversity, nutrient cycling, soil integrity, and animal and
microbial diversity using reference sites as benchmarks. (Majerus, 2012; McDonald et al., 2016)

Mitigation efforts and successes vary depending on a suite of variables, and the ability to fully restore a
site is dependant on the abiotic and biotic characteristics of a site, and whether they have become
barriers to reaching restoration objectives, as well as the effects of year-to-year climatic variation on
success along restoration trajectories (Figure 1).
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Figure 1. Conceptual model of ecosystem degradation and restoration responses. Adapted from McDonald et al.
(2016).

For example, permanent damage to soil physical and chemical properties may present an abiotic barrier
(eg. no topsoil or severe levels of topsoil and subsoil mixing) with a reduced recovery potential that
cannot support full restoration in short-term timelines, and necessitates the use of alternate target
vegetation, such as agronomic species, to reach simple revegetation goals. On the other end of the
spectrum, the use of minimal disturbance techniques may result in a largely intact ecosystem that
requires relatively minor intervention to support successful ecosystem restoration.

Minimizing Surface Disturbance

The value and importance of minimal disturbance in native grasslands is widely recognized as a best
management practice to support post-disturbance recovery and enable projects to successfully fulfill
restoration/reclamation obligations (Alberta Environment and Parks, 2016). There are five primary
approaches to minimizing surface disturbance:
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Reduce width and size of surface disturbance
Use physical buffers to conserve vegetation and topsoil
Operate on dry or frozen ground conditions

P wnNR

Reduce cumulative impacts by implementing traffic control and monitoring soil
moisture conditions

5. Consider timing of construction activities and schedule activities to reduce soil, plant,
wildlife, wetland, and watercourse impacts

Research and results into the various approaches to minimizing disturbance can help better guide
industrial activities in the native grasslands of the Dry Mixedgrass and Mixedgrass Natural Subregions.
This research is compiled and discussed in successive sections.

Soils: The Foundation for Recovery Potential

Soils are foundational, acting as a link between the abiotic and biotic components of the ecosystem,
playing a complex ecological role by providing the physical medium for plant growth, storing and
recycling nutrients, regulating water resources, and providing habitat for soil organisms (Brady & Weil,
2017; Evans, 2011). Grassland soils are diverse, their development dependent on the interactions
between parent materials (weathered bedrock), climate (determines the rate of weathering), and
topography which influences temperature, moisture retention, and vegetation characteristics through
interactions between elevation, slope, and aspect (Brady & Weil, 2017).

Soil is resilient, and when healthy can maintain productivity in times of resource stresses (drought),
buffering ecosystems and ensuring that ecological goods and services remain intact during stochastic
events and periods of climatic uncertainty (Sherwood & Uphoff, 2000). Soil health references soil’s
ability to perform ecosystem functions, generally measurable as the soil’s resilience to disturbance and
ability to resist deterioration, and is considered to be in a form of dynamic equilibrium with the biotic
and abiotic interactions of its environment (Carter et al., 1997). Regardless of parent material, chemical,
and physical attributes of soils, maintaining soil health and productivity depends largely on biological
activity, and that biological activity is largely impacted by land use decisions (Sherwood & Uphoff, 2000).

Soil properties are influenced by three major biotic groups: soil microbial communities, vascular plants,
and biological soil crusts, all of which influence soil attributes through impacts on soil structure, organic
matter, water infiltration/holding capacity, and nutrient cycling/availability (Evans et al., 2017).

The Soil Biome

Soil microbial communities (e.g., bacteria, fungi, algae, protozoa) and micro/mesofauna (e.g.,
nematodes, springtails, collembola, earthworms) form major components of the “soil biome” and their
interaction with plants creates a complex below-ground ecosystem. These organisms help regulate
organic matter decomposition (and subsequent soil organic matter accumulation), nutrient availability,
soil carbon accumulation, and hydrologic function (Evans et al., 2017; Heijden et al., 2008; Kotze et al.,
2017). They are closely intertwined with plant communities, where, for example, the microbial
community influences nutrient availability and uptake, and the plant community influences microbial
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abundance and distribution (Bever et al., 1997). They process organic compounds and maintain soil
fertility, an important ecological role supporting the productivity of rangeland ecosystems (Anguita et
al., 2017). Microbial communities are found largely on the root-soil interface, influencing chemical
exchange between roots and soils, facilitating nutrient uptake by plants, and playing a role in ecosystem
resilience (Balogh-Brunstad et al., 2008; Schimel et al., 2007).

The alteration of abiotic soil factors (e.g., nutrients, moisture, pH, bulk density) and the disruption of
plant communities by industrial disturbances and various land uses have high potential to impact the
soil biome (Alberta Soils Advisory Committee, 2004; Sherwood & Uphoff, 2000). In fact, there is good
evidence that the soil biome is affected by these activities in the DMG through reductions in total soil
biological activity (Dormaar & Willms, 2000; Hammermeister et al., 2003) and shifts in communities of
arbuscular mycorrhizal fungi (AMF) (Dai et al., 2013). The impacts have also been demonstrated in other
grassland subregions of Alberta, where Stover et al. (2018) found shifts in AMF in of the Foothills Fescue
and Lupardus et al. (2021) reported shifts in soil invertebrates of the MG. Shifts of soil microbial
communities have also been reported for North Dakota grasslands (Block et al., 2020; Jangid et al., 2009;
Viall, 2012) following reclamation and restoration activities. In contrast, Yang et al. (2010) reported little
difference in AMF among land-use types in the DMG of Saskatchewan.

General Techniques and Focus of Research

The dehydrogenase technique has been used to indicate levels of general soil biological activity for some
time (Casida, 1977) and has been used in evaluating industrial disturbance and tracking land use impacts
in the DMG (e.g., Dormaar & Willms, 2000; Hammermeister et al., 2011). More recent techniques, like
DNA analysis, can differentiate among soil biome organisms, often to the species level, but are much
more expensive to employ (Morrell, 2022). These recent techniques have led to advances in our
understanding of the roles of specific organisms within the soil biome. Much of the focus in recent years
has been on arbuscular mycorrhizal fungi.

Mitigating Impacts on the Soil Biome

Arbuscular Mycorrhizal Fungi
Arbuscular mycorrhizal fungi (AMF) are mutualistic fungi associated with the roots of the majority of
agricultural plants. They also play a role in native grassland ecosystems (e.g., Dai et al., 2013; Stover et
al., 2018) and are thought to be essential to grassland restoration (Morrell, 2022), with reduced and
altered AMF communities associated with invasive plants and non-native agronomic forages (Reinhart &
Rinella, 2021).

Soil disturbance affects the hyphal networks in soils, which then must re-establish through extending
hyphal networks and spores. Depending on the AMF species present and the type of disturbance, AMF
can survive several years following topsoil disturbance, specifically in colder climates. (Morrell, 2023)

Inoculation of prairie soils with naturally occurring AMF is a promising technique to accelerate
restoration outcomes. In a garden plot study, Koziol & Bever (2017) found that AMF inoculation using
material from late-seral Tallgrass prairie soil resulted in domination with desirable native grassland
plants. Non-inoculated plots were dominated by undesirable plants including weeds and exotic species.
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The mechanism of this effect was thought to be that late successional species were dependent on the
presence of specific AMF species. Plant community species richness and diversity were also increased
with AMF inoculation.

House & Bever (2020) found similar results from AMF inoculation in tallgrass prairie restoration,
improving survival of native prairie plant seedlings, specifically little bluestem (Schizachyrium
scoparium), by significantly increasing growth for up to three growing seasons following the treatment.

Commercial AMF inoculants are available but are unlikely to be suitable for natural grassland
restoration. These products can be expensive to apply on large areas of land (Morrell, 2022). The use of
native soil as inoculants (e.g., Hahn, 2012) is likely the best approach provided that care is taken to
ensure that the soil microorganisms remain viable during storage (Block et al., 2020).

Use of Native Plant Species
The use of native plant species in restoration is reported to promote natural microbial communities.
Potthoff et al. (2005) reported that soil microbial biomass and activity was similar to reference
conditions in a California annual grassland, four years after planting native grasses. Barber et al. (2017)
reported that soil bacterial communities of older restored grasslands were reflective of successful
restoration in a North Dakota Tallgrass ecosystem.

Matting
The soil microbial response to use of access mats to spread wheeled traffic impacts on a larger area has
been investigated in the DMG at the University of Alberta’s Mattheis Research Ranch along ATCO Ltd.’s
Eastern Alberta Transmission Line near Brooks, Alberta. Findings by Thompson et al. (2020) indicate that
direct traffic impacts on soil microbial communities were partially mitigated by the use of access mats,
however matting treatments still showed alterations in the microbial community and did not fully
mitigate the impacts of traffic.

Biological Soil Crusts

Although biological soil crusts (BSCs) are less prominent in the Great Plains than in more arid regions
such as the Great Basin, Intermountain grasslands of British Columbia, and the Chihuahuan, Sonoran
and Mojave Deserts, they still play a key ecological role within Great Plains grassland ecosystems.
Biological soil crusts are an assemblage of fungi, algae, bacteria, and bryophytes associated with bare
soils, where they create a soil crust by interweaving rootlike filaments around soil particles and exuding
polysaccharides to ‘glue together’ particles. (Warren et al., 2021).

BSCs provide important ecological functions relative to nutrient cycling, nitrogen fixation, soil formation
and stabilization, and the retention and distribution of precipitation (Belnap et al., 2016; Belnap &
Lange, 2001; Pietrasiak et al., 2013; Warren, 1995). BSCs are susceptible to disturbance by multiple
natural and anthropogenic factors, including industrial disturbances. A study by Pyle et al. (2016) found
that BSCs showed a high sensitivity to pipeline presence at the University of Alberta’s Mattheis Research
Ranch (Brooks, Alberta) when assessing 18 pipelines, noting that pipelines had higher levels of bare
ground and lower BSC cover than undisturbed grasslands.

Grassland Restoration Forum Page |13



Minimizing surface disturbance using the approaches outlined in the ‘Minimizing Surface Disturbance’
section can limit damage to BSCs, with the caveat that they are susceptive to damage when soils are dry
(Belnap et al., 2001; Warren, 1995).

Soil Disturbances and & Mitigation Techniques

Industrial disturbances and associated heavy equipment traffic alter soil nutrient and moisture
availability via soil compaction and alteration of vegetation communities (Althoff et al., 2009, 2010;
Althoff & Thien, 2005). Low-disturbance best management practices such as construction on dry/frozen
soils and the use of access mats to reduce negative outcomes by spreading industrial traffic pressure
across a larger surface area are suggested to reduce negative outcomes (Alberta Environment and Parks,
2016; Gartrell et al., 2009).

Sod-Stripping & Soil Impacts

Sod-stripping and soil storage/stockpiling are conventional approaches to creating industrial worksites in
native grasslands, where soils are removed and stored during construction and then replaced and
revegetated after construction (Strohmayer, 1999).

Research by Najafi et al. (2019) found that sod-stripping and replacement significantly altered physical
and chemical soil properties, specifically in the top 15cm mineral soil. Sod-stripped treatment areas
showed an increase in bulk density of 53%, a 51% reduction in organic matter, and a 55% reduction in
nitrogen relative to controls, although water infiltration rates were found to increase by 32% in high-
sand soils.

Matting to Mitigate Soil Compaction and Matting

The use of access mats to mitigate soil compaction from industrial traffic has been found to have
minimal impacts on soil properties when compared to sod stripping and stockpiling. A study by Najafi et
al. (2019) at the University of Alberta’s Mattheis Research Ranch (Brooks, Alberta) found that low-
disturbance access matting used during transmission line construction resulted in no changes to physical
or chemical soil properties on sandy ecosites, and on loamy ecosites resulted in a 17% increase in soil
bulk density and 51% increase in water infiltration rates in comparison to sod-stripping treatments. Soil
bulk density was significantly greater than undisturbed areas under sod-stripping and soil stockpiling
areas in sandy sites, up to twice that of undisturbed areas. No significant differences in soil bulk density
were found between undisturbed and matted areas in both loamy and sandy sites (Najafi, 2018).

Thompson et al. (2022) further investigated the impact of access mats relative to direct wheeled traffic
on grasslands at the Mattheis Research Ranch, finding that access mats effectively mitigated soil
compaction and reductions in infiltration rates, particularly in sandy soils under short durations (<six
weeks).

Low-disturbance construction methods that utilize access matting have been found to be more effective
than sod-stripping in mitigating the effects of industrial activities on DMG soil properties, indicating that
access matting approaches should be pursued over sod-stripping and sod removal techniques (Najafi et
al., 2019; Thompson et al., 2022).
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Wellsite Impacts on Soils

Wellsite construction often results in mixture of soil horizons, with subsequent impacts on chemical and
physical soil properties impacting pH, total nitrogen, carbon, cation exchange, and soil capacity
(Anderson & Coleman, 1985; Rowell & Florence, 1993). A study by Hammermeister et al. (2003)
investigated the outcomes of four seeding treatments on seven wellsites on Chernozemic and Solonetzic
soils located near Medicine Hat, Bow Island, and Brooks Alberta. These treatments included non-seeded,
low diversity three wheatgrass and green needle grass seed mix, low diversity seed mix using species
typically dominant in native grasslands, and a diverse seed mix (Table 7). Wellsite construction was
associated with reduced soil organic carbon and total nitrogen, and increased soil pH, bulk density, and
inorganic carbon, with pronounced differences in Chernozemic sites and less prominent differences on
Solonetzic soil due to poor quality topsoils associated with Blowout range sites. Short-term increases in
nitrogen availability were apparent for three years following disturbance due to increased
mineralization rates from root turnover and reduced plant uptake.

A study by the Alberta Biodiversity Monitoring Institute (2017) of 18 certified reclaimed wellsites on
loamy ecosites in the DMG reviewed soil indicators of historic wellsites (three age classes: 10, 20, 30
yrs.) with adjacent reference locations. This study found that bulk density and electrical conductivity in
the 0-15cm soil dept was higher on wellsites when compared to reference sites across all age classes.
Total organic carbon was lower on wellsites in the 0-15c¢m soil depth, but no different than reference at
the deeper depths (15-30 cm, 30-60 cm, 60-100 cm), while total nitrogen was lower on wellsites for the
upper three depths (0-15 cm, 15-30 cm, 30-60 cm). Interestingly, pH was higher on wellsites in the 20 &
30 yr age classes, but not on the 10 yr age class, indicating that more recent reclamation practices are
more effective than older practices. However, soil properties between reclaimed wellsites and reference
locations indicate lack of recovery for most indicators at across age classes, indicating that soil recovery
is a slow process.

Lupardus et al. (2020) reviewed physical soil properties (pH, electrical conductivity, total organic carbon,
and bulk density) on 8-30 year post-certification reclaimed wellsites (all established between 1980-1997)
in comparison to undisturbed reference soils in the DMG. Findings indicated significant differences in
between reclaimed and undisturbed reference soil properties, with the greatest differences associated
with sites reclaimed using the older pre-1993 reclamation criteria showing the greatest differences in
soil properties.

A study in western North Dakota found that even 33-year-old reclaimed wellsites had higher salt
concentrations and pH levels than undisturbed native prairie soils when assessing fourteen reclaimed
wellsites (Sylvain et al., 2019).

Pipeline Influences on Soil

Pipeline construction has direct effects on soils due to necessary mechanical handling of soils, and the
potential for admixing of topsoil with subsoil, leading to decreased soil organic matter, increased bulk
density, and increased clay content (Naeth, 1985; Naeth et al., 1987a).
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Larger diameter pipelines are associated with greater alteration of soil properties due to the larger size
of the disturbance area (Desserud & Naeth, 2014; Naeth et al., 1987a).

A study by Naeth et al. (2020) investigated the construction effects of a large diameter pipeline (76.2cm
diameter, 30m ROW) over a 10-year period (2009-2018) on sandy loam soils in the DMG of southeastern
Alberta. Soil handling included stripping of topsoil and subsoil (stored separately) from a 4m wide
trench. Construction and reclamation occurred in early 2009, using minimal disturbance techniques of
construction under frozen conditions, topsoil salvage and replacement in the same season, use of
construction matting, and seeding and straw crimping in 2009. Soils were assessed in 2010, 2013, and
2018. Penetration resistance was not different across the ROW, but was significantly lower 10m from
the ROW edge than along the ROW in 2010, indicating soil compaction concerns, however in 2018 there
was no significant difference. In early sampling periods the trench soil was associated with significantly
lower organic carbon and total nitrogen, as well as a higher pH. Ten years after construction bare
ground and soil pH were the only soil factors showing any difference from the reference grassland.

Salt Affected Soils

Some industrial disturbances, such as oil and gas production, can result in the release of highly saline
waste water, leading to salt affected soils (Bony, 2020). Salt contamination impacts ecological processes,
including changes in soil physical and chemical properties, impairment of vegetation, degradation of
surface and soil water quality, and potential increases in runoff and erosion (Hivon & Sego, 1995; Qadir
& Oster, 2004; Shainberg & Letey, 1984). Specific to native prairie restoration, salts inhibit plant growth
by causing osmotic and ionic stresses, making it difficult for nutrients and water to move in and out of
root membranes, resulting in dehydration and nutrient imbalances with subsequent stunted and slower
plant growth (Bernstein, 1975; Maas & Grattan, 2015; Orozco-Mosqueda et al., 2020). There are of
course plants and plant communities that are associated with high salt concentrations, referred to as
halophytes, however this discussion is in regard to salt contamination of soils and communities that are
not historically associated with high-saline environments (Redmann & Fedec, 1987).

Salt contamination can also have negative impacts on soil microbial communities if they are not adapted
to saline conditions, where high salt concentrations alter osmotic pressure potential, resulting in a loss
of turgor within the cell and in some cases detachments within the cell that can cause death (Yan et al.,
2015). In situations with high salinity microbial biomass is reduced, which has negative impacts on soil
fertility and ecological function as plant nutrient availability is mediated by microbial activity, primarily
through the nitrogen cycling process (Orozco-Mosqueda et al., 2020; Wong et al., 2008).

A study by Bony (2020) investigated the impacts of salt affected soils and their relationships with plant
communities across 16 well sites in the DMG that were drilled between 1951-2003, active for 1-36
years, and abandoned between 1970 and 2014. Salinity indicators (electrical conductivity and sodium
adsorption ratio) were correlated with bare soil, and reduced vegetation, and reduced litter cover. This
indicates that salt contamination can have long-lasting impacts on reclamation success.
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Reclamation Vegetation Dynamics

Construction Matting

Temporary access mats are suggested as a best management practice to prevent soil and vegetation
damage from heavy industrial traffic on native grasslands and provide an opportunity to extend
construction timelines beyond the dormant season (Alberta Environment and Parks, 2016). Further
defined by Lancaster & Wilkinson (2016) matting has the potential to:

e Retain plant community composition

e Retain soil layers and the seed/root bank

e Increase operability on native grasslands

e Reduce potential for non-native species introductions
e Reduce erosion potential

Individual access mats are laid by loaders in a continuous grid and form temporary ‘roads’ between work
sites across grasslands, providing an alternative to conventional methods (such as sod-stripping)
previously used to create safe, uniform, and level work sites, that require considerable soil reclamation
and vegetation restoration efforts (Naeth et al., 1987b; Najafi et al., 2019; Thompson et al., 2022).

The effects of access mats on aboveground vegetation vary and are dependent on the timing and
duration of mat placement (James et al., 2022; McWilliams et al., 2007; Mitchem et al., 2009; Najafi et
al., 2019).

Matting and Transmission Line Construction

The use of matting during transmission line construction has resulted in faster vegetation and soil
recovery than sod stripping, stockpiling, re-levelling, and re-seeding. Najafi (2018) assessed construction
results of an ATCO transmission line crossing the Mattheis Research Ranch near Brooks, AB, between
2015-2017. The area under each tower was approximately 10 m by 10 m. Six matting sites were sandy
and four were loamy. Mats were put down for up to four months during construction, removed when
not in use and replaced when construction resumed (Najafi, 2018).

Six sod stripping sites were in sandy dune areas, and two in loamy sites with varied topography. Sod was
stripped as part of levelling sites to create safer construction conditions. Surface and subsoil layers (40
cm) were removed and stored separately, with coconut matting applied to prevent erosion. High winds
often rolled up the coconut matting. Sod stripping sites were hydroseeded with a native seed mix
outlined in Table 1, applied at a total seeding rate of 15kg/ha (Najafi, 2018).

Table 1. Seed mix for hydroseeding used by Najafi (2018).

Species % by weight
Needle-and-thread 40
June grass 15
Blue grama grass 15
Western wheatgrass 10
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Species % by weight
Sand reed grass | 20

Fences were placed around all towers to prevent cattle grazing (length of time unknown). Sod stripping
resulted in lower grass and native forb cover and increased non-native forb cover relative to matted
sites, which still had lower grass and native forb cover than controls. Matting in sandy sites had little
effect on native grass for forb cover. Native forb cover increased on matting sites in the third and final
year of monitoring (Najafi, 2018).

Timing and Duration of Matting

Long-term use of access mats during the growing season, and use of mats early in the growing season
should be avoided to minimize negative outcomes to native forbs and grasses, and avoid shifts to
introduced and weedy species. Along the ATCO transmission line crossing the Mattheis Research Ranch
(Brooks, AB), James et al. (2022) found that negative vegetation impacts could be reduced if mats were
in place for 12 weeks or less or were applied during the latter portion of the growing season, after plants
had completed the majority of their lifecycle processes. Detrimental impacts, specifically to perennial
grasses, were due to the use of matting both early in the season, or during the entirety of the growing
season. Negative outcomes were more strongly correlated with loamy-sand ecosites, while loamy sites
were more resilient. This research indicates that loamy and loamy-sand communities tolerate short term
use of access mats to mitigate industrial traffic impacts, but not long-term use. (James et al., 2022)

Variables Impacting Efficacy of Construction Matting
In summary, the variables that can affect the efficacy of matting or other buffers between the
vegetation surface and construction vehicle are:

e Timing and Duration of Matting: Consider the length of time and season of use before using
construction matting. Ensuring that the timing (outside of or late in growing season) and
duration of use (less than 12 weeks during growing season) are appropriate is critical to the
success of this mitigation measure.

e Ecological range sites differ based on landscape position, soils, and moisture. Moist Loamy
range sites are the most vulnerable to invasion by agronomic forage species and noxious weeds
and dry soils most prone to wind erosion.

e Range health is a measure of the ability of rangeland to function well. Less healthy plant
communities are less resilient to the effects of matting.

e Invasive species presence on a native pasture increases the risk of these species spreading onto
vulnerable areas of exposed soils or areas of decreased plant productivity created by matting.
Adaptive management surveys to locate and control invasive species establishment are
necessary in the first one to three years after construction until native vegetation cover
increases to maintain the positive trajectory of natural recovery.

e Utilize Clean Matting using clean matting will assist with mitigating invasive species concerns.

e Litter cover is important in capturing and retaining moisture, which in turn is reflected in plant
productivity. Heavily grazed areas around structures that were matted should be fenced for two
to three years to allow plants and litter to re-establish.
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e Compaction of soils by heavy equipment working from mats or on the vegetation surface can
result in slower growth for some species and elimination of some species less able to penetrate
compacted soils.

e Ongoing use of construction access by vehicles once matting is removed results in further
deterioration of vegetation and soils through pulverizing and potentially compaction. On sandy
soils, wind erosion can exacerbate soil exposure and loss. If ongoing road use after construction
is required, a road should be built rather than using matting.

Pipelines

Pipelines are common disturbances across the DMG and MG, and have the potential for negative
outcomes such as soil mixing, alterations in soil properties, changes in soil water, texture, and
temperature, in addition to soil compaction and vegetation impacts associated with industrial traffic (de
Jong & Button, 1973; Naeth et al., 1987a; Xiao et al., 2014). A pipeline right of way (ROW) is defined by
three typical construction areas, 1) topsoil and subsoil storage area, 2) trench, and 3) working/traffic
area. All these areas have differing degrees of disturbance to soil and vegetation.

Studies show minimal disturbance techniques are successful even for large diameter pipe installation,
where terrain permits. A well-managed large diameter pipeline ROW, with minimum disturbance over
the trench, showed evidence of native grassland recovery six and 10 years after construction (Naeth et
al., 2020).

Effects of Varying Pipeline Sizes and Age on Native Prairie Species

Pyle (2018) assessed vegetation on 18 pipeline ROWSs, built between 1960 and 2007, on sandy and
loamy soils at the Mattheis Research Ranch, near Brooks, Alberta. Samples were taken from the pipeline
trench and at intervals up to 70 m from the trench with 55 to 70 m away being considered non-
disturbed. Pipeline age and diameter influenced plant species. (Pyle, 2018).

Pyle (2018) found that narrow pipelines (60 mm) are associated with native species (pasture sage, blue
grama, June grass, slender wheatgrass, green needlegrass, moss phlox, little clubmoss, Sandberg
bluegrass, Scarlet butterfly weed) and few or no introduced species. Moderate diameter pipelines (90
mm) were associated with ruderal forbs, introduced species, and select native perennial and early seral
species (dandelion, Canada thistle, fowl bluegrass, foxtail barley, sow thistle, prairie sage). Large
diameter pipelines (2168 mm) are associated with problem introduced forages such as Kentucky
bluegrass, crested wheatgrass, and smooth brome as well as introduced legumes. More recent
disturbances had introduced species like goat’s beard and dandelion, and pipeline trenches of all sizes
had sweet clover (Melilotus spp.) associated with them. Sandy soils exhibited a higher sensitivity to
pipeline disturbance than loamy soils, with greater levels of introduced species cover associated with
pipelines in sandy soils.

Introduced species used in older reclamation were found encroaching into native grassland. Yellow and
white sweet clover occurred up to 5 m from the pipeline trench, quack grass up to 1 m, green needle
grass, up to 2 m, and crested wheatgrass up to 10 m. (Pyle, 2018). It is important to note that this study
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did not stratify pipelines by age, and some of the dynamics relative to invasive species and problem
introduced forages may be due to age of disturbance and reflect regulatory standards of the time.

Larger diameter pipelines are associated with impeded vegetation recovery due to the larger size of the
disturbance area (Desserud & Naeth, 2014; Pyle, 2018). A study by Low (2016) near Medicine Hat
investigated the impact of a large diameter pipeline (76.2 cm diameter, 30 m ROW) on vegetation.
Significant mitigation techniques were implemented to reduce potential impacts on various plant
species at risk, including limiting topsoil stripping to a 4m wide strip along the permanent ROW (no
stripping in temporary workspaces), geotextiles placed prior to soil storage or development of access
lanes, soil and geotextiles removed prior to the beginning of the growing season, and careful removal of
soil from geotextile using prairie protectors and sweepers. Topsoil was salvaged, stored separately from
subsoil and both replaced with at least 1.2 m of cover. The stripped area was seeded with a mix of
native grasses at a rate of 10 kg/ha and crimped with straw. Vegetation assessments were conducted on
the trench, storage area, working area and off ROW at 5, 10 and 20 m away, and an undisturbed area
100 m away.

All ROW sites had desired native plant species, although the trench area, which had been stripped and
the work area, had lower species richness and diversity than undisturbed areas. Silver sagebrush was
present on all but the most disturbed areas (Low, 2016).

Table 2.RoW Species after seven years recovery

Species Species
Blue grama grass (dominant) | Silver sagebrush
Western wheatgrass Reflexed rock cress (rare plant)
Slender wheatgrass Tumble grass (rare plant)
Needle-and-thread Goat’s beard
Sedge Dandelion

Canada thistle

From Low (2016).

Although pipeline construction impacts were still evident in the plant community composition, species
richness, and diversity, the plant community was on the trajectory to recovery.

Under more conventional approaches Naeth (1985) found that it took 15 years for vegetation in a
pipeline trench to return to pre-disturbance levels in the DMG north of Brooks, AB.

Another study by Naeth et al. (2020) investigated the effects of a large diameter pipeline (76.2cm
diameter, 30m ROW) constructed using minimal-disturbance techniques (including seeding and straw
crimping), on sandy loam soils in the DMG of southeastern Alberta. The study found that within two
years of construction plant communities were on a trajectory towards reference condition. Ten years
after construction native grass richness, dominance, and cover were similar to reference sites 100m
from the ROW edge, and ruderal weed species had disappeared.
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These findings indicate that using minimal-disturbance construction techniques to reduce size and
intensity of the industrial disturbance footprint can support recovery of grassland communities within a
relatively short period of time.

Wellsite Impacts on Vegetation

Wellsite reclamation is a considerable task in Alberta, with over 100,000 wellsites that have been
certified as reclaimed, and hundreds of thousands either in production or abandoned that will
eventually be decommissioned and move through the reclamation certification process (Alberta
Biodiversity Monitoring Institute, 2017).

A study by Hammermeister et al. (2003) investigated the outcomes of four seeding treatments on seven
wellsites on Chernozemic and Solonetzic soils located near Medicine Hat, Bow Island, and Brooks
Alberta. These treatments included non-seeded, low diversity three wheatgrass and green needle grass
seed mix, low diversity seed mix using species typically dominant in native grasslands, and a diverse
seed mix (Table 7). The natural recovery (non-seeded treatment) was dominated by annual forbs
throughout the three years of the study (although blue grama, needle-and-thread grass, and June grass
were increasing in abundance), while the control was a native plant community of needle-and-thread
grass, blue grama, June grass, carex species, and little clubmoss.

Work by the Alberta Biodiversity Monitoring Institute (2017) on 18 certified reclaimed wellsites on
loamy ecosites in the DMG reviewed vegetation dynamics of historic wellsites (three age classes: 10, 20,
30 yrs.) with adjacent reference locations. This study also found that native vegetation cover was lower
and non-native vegetation cover was significantly higher on wellsites than reference sites, with non-
native forbs associated with the 10 year age class. However, an interesting finding was that wellsites in
the 10 year age class were more similar to native reference communities than the 20 and 30 year age
classes (which were seeded with introduced forages), representing success in the shift in reclamation
criteria requirements, where native species cover became a requirement for certification (Alberta
Environment, 2010).

Lupardus et al. (2020) reviewed vegetation composition of 18 wellsites in the DMG all 8-30 years post-
certification (established between 1980-1997) in comparison to undisturbed reference plant
communities. Plant community composition differed between reclaimed and undisturbed sites, with less
native species and more introduced species associated with reclaimed sites, and older wellsites found to
have a higher prevalence of introduced species than more recent wellsites.

A study on Canadian Forces Base Suffield found that there was significantly more bare soil associated
with both pipelines and wellsites on sandy and loamy soils, and found that 57 out of 84 wellsites showed
signs of erosion immediately surrounding the wellsite (Rowland, 2008). This study also found decreased
native species cover and increased non-native species cover on wellsites relative to reference sites.

When reviewing 14 reclaimed wellsites in western North Dakota Sylvain et al. (2019) found that
reclaimed wellsites had a higher proportion of invasive and ruderal plant cover, and lower native plant
cover and species richness than undisturbed grasslands, even after 33 years.
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Sod-Stripping & Vegetation Impacts

Najafi et al. (2019) found that in the DMG sod-stripping did not result in changes to total herbage
biomass during the first three years following disturbance, but did cause significant shifts in plant
community composition, with a reduction of grass biomass by 80%, an initial reduction in native forb
biomass in years one and two, with no difference in year three, and an increase in overall forb biomass
by 119% during the first growing season. This was also associated with a significant decline in root
biomass of 77% in the first 15cm of the soil column.

Sod Salvage, Soil Storage, and Seedbank Implications

Sod salvage, topsoil salvage, storage, and replacement are well-defined minimal disturbance techniques
for industrial activities in native grasslands (Strohmayer, 1999). Sod salvage refers to a technique where
intact sod of sufficient depth and quality to retain intact plant root mass is removed from the site using
machinery, appropriately stored, and replaced following the disturbance (Lancaster & Neville, 2010).
Partial sod salvage refers to situations where topsoils with the sod relatively intact is stripped, stored
adjacent to the disturbance, and replaced as intact as possible within a short period of time (measured
in days vs. weeks or months) (Lancaster et al., 2012). Topsoil salvage is when topsoils are separated,
stored, and replaced on sites following disturbance, timing is generally recommended for dormant
conditions (eg. fall) prior to the first post-construction growing season (Lancaster & Neville, 2010). These
techniques all support recovery to pre-disturbance plant communities by providing either intact plants
and roots, seedbanks, propagules, and/or soil biome within the salvaged materials to recolonize the
disturbed area.

It should be noted that sod salvage is a very labour-intensive process and not feasible over large areas as
sods must be cut at sufficient depth to retain enough functional plant roots, stacked, and stored with
minimal breakage to facilitate replacement, and covered to reduce erosion and prevent desiccation
(Lancaster & Neville, 2010). An additional consideration is that sod replacement will still result in
exposed soils in gaps between sods, resulting in potential vectors for undesirable species establishment
that must be monitored and treated as is appropriate. Sods can be useful in smaller chunks to introduce
small pieces of intact plants and their associated soil biota on replaced topsoils. Ensuring that pieces of
sod are turned plant side up can enhance recovery. Sod salvage trials have indicated that ensuring
replacement occurs under suitable environmental conditions (adequate moisture) is critical for success,
and in areas with aggressive introduced plants such as Kentucky bluegrass or smooth brome, the success
of these treatments may be reduced (Lancaster & Neville, 2010; Neville, 2002; Petherbridge, 2003).

Although topsoil salvage and replacement is an effective approach to restoration, there are
considerations regarding timing of soil replacement that may better support success. Observations
made during the Express Pipeline long term monitoring project (Lancaster & Neville, 2010) found that
re-disturbance of stored topsoil during the growing season (when propagules have germinated during
storage) negatively impacted the recovery process. Fowler (2012) noted a similar pattern at a study
south of Perth, Australia, where soil transfer during the growing season resulted in a significant
reduction in germinant densities.
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Duration of topsoil storage is also an important consideration. Dickie et al. (1988) found that viable seed
populations and diversity of species represented in the seedbank decreased with time in topsoils
salvaged from a coal site stored for three months and four years. When reviewing topsoil stockpiles in a
spinifex hummock grassland in Australia, Golos et al. (2016) also found that the germinal seedbank
declined over time, with seedling emergence more than four times greater in fresh topsoil than one-
year-old stockpiles, and a higher diversity of species in one year old stockpiles than three-year-old
stockpiles.

Direct Wheeled Traffic

Construction of industrial infrastructure on native grasslands includes heavy vehicular traffic, which is
associated with significant negative impacts on grassland vegetation, including but not limited to tearing
and crushing of plant tissues (Althoff et al., 2007; Palazzo et al., 2005; Retta et al., 2013), as well as soil
compaction, rutting (Figure 2), and erosion (Althoff et al., 2010; Althoff & Thien, 2005; Desserud &
Naeth, 2013; Najafi et al., 2019). Negative outcomes are compounded when traffic occurs during the
growing season, during wet soil conditions, and/or multiple passes and wheel turns that increase
damage (Ayers, 1994; Grantham et al., 2001; Retta et al., 2013).

James et al. (2022) found that direct wheeled traffic had minimal impact on sandy and loamy and DMG
vegetation in a study at Mattheis Research Ranch (Brooks, AB) that reviewed the effects of 16 passes of
heavy wheeled equipment (8 at the start of treatment, and another 8 at the end). Grasses in particular
had a high tolerance to direct traffic, with direct traffic samples showing similar grass biomass to
controls, while matted treatments were associated with reductions in grass biomass of up to 61% in the
season-long treatment relative to controls. Native forb biomass was significantly reduced relative to the
control by 46-53%. This may have been due to the limited number of heavy wheeled equipment passes,
but may also indicate that DMG vegetation may have a potentially higher tolerance to low levels of
direct wheeled traffic than initially thought.

The impacts of heavy industrial wheeled traffic on soils in this study were also assessed by Thompson et
al. (2022) who found that although direct wheeled traffic resulted in visible depressions three-five cm
deep, it did not result in increased bare soil or soil shearing, and evidence of soil compaction and
impaired hydrologic function was found only in the top layer of mineral soil. These effects where more
apparent in sandy vs. loamy soils, where direct wheeled traffic increased soil penetration resistance up
to a 15cm depth by up to 101% in sandy soils and 93% in loamy soils, and reduced water infiltration
rates by 71% and 53% respectively, with the largest effects in penetration resistance due to early
growing season traffic on moist and compaction prone soils. No differences in bulk density were found
between treatments. This localized compaction has the potential to negatively impact root growth and
plant emergence by altering soil physical properties (eg. reduced microporosity) (Obour et al., 2018)
however at the low traffic frequencies in this study negative outcomes on vegetation were very limited
(James et al., 2022)

A study at the National Wildlife Area on the Canadian Forces Base Suffield (northeast of Medicine Hat,
Alberta) reviewed vehicle track presence across 208 transects associated with wellsites, pipelines, and
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controls (no industrial disturbance) and found that only 6 of the 2008 transects did not have permanent
signs of vehicle use (Rowland, 2008).

Damage from direct wheeled traffic can be reduced by ensuring that construction occurs on dry or
frozen soils (Alberta Environment and Parks, 2016; Braunack, 1986; Dickson et al., 2008; Thurow et al.,
1996). Additionally, there are novel ways to minimize the impact of temporary wheeled traffic on soils,
including two track gravelling of temporary access trails/roads, and the use of geotextiles and clay fill.

e

Figure 2. Soil compaction, rutting and trail braiding on a two track gravel access trail in DMG. Photo courtesy of
Nolan Ball.

Construction equipment used in industrial activities also includes vehicles that have tracks rather than
wheels, such as bulldozers and tracked hoes. The impacts of these types of direct tracked traffic have
not been assessed in the DMG or MG.

L
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Roads

Temporary and permanent road construction occurs with industrial disturbances, and is associated with
a suite of negative impacts, including habitat fragmentation, alterations in plant communities, increased
invasive species presence, and accelerated runoff and erosion issues (Angold, 1997; Cao et al., 2015;
Dale et al., 2008; Forman & Alexander, 1998; Gelbard & Belnap, 2003; Tyser & Worley, 1992).

Although roads can be reclaimed and removed from the landscape, there are considerations around the
potential long-term effects of roads on soil and vegetative properties, and subsequent impacts on
restoration goals.

A study by Matthees et al. (2018) investigated soil properties on 16 restored roads across loamy and
sandy sites in eastern North Dakota mixedgrass prairie, finding that soil organic matter was decreased,
and soil chemical properties were altered on restored roadbeds, and unfortunately these had not
improved over time since road restoration. This aligns with findings by Simmers & Galatowitsch (2010)
who identified that restored roads in the mixedgrass of western North Dakota had distinct plant
communities when compared to adjacent undisturbed grasslands, and another western North Dakota
study by Viall et al. (2014) which also found that soil properties, plant community composition, and soil
microbial composition were negatively impaired on restored roads when compared to undisturbed
grasslands, and were not comparable to native grasslands even 30 years post-reclamation. The most
striking finding was losses of up to 30% soil organic matter was noted between restored roads and
undisturbed grasslands. This supports research findings by Hammermeister et al. (2003) who found
similar reductions in soil organic carbon on restored well sites relative to undisturbed grasslands near
Bow Island, Brooks, and Medicine Hat.

These findings indicate that road construction may have long-term effects on nutrient availability and
vegetation dynamics, even post-restoration. There is a need for further research on road removal and
restoration techniques to better support restoration success on road footprints.

Renewable Energy

Renewable energy siting and reclamation criteria in Alberta is guided by the Conservation and
Reclamation Directive for Renewable Energy Operations (AEP, 2018), which provides guidance on
strategic siting, site assessments, best management practices, and reclamation criteria to support return
to equivalent land capability. However, this directive and the associated Conservation and Reclamation
Regulation do not consider geothermal energy.

Solar and wind energy operations have anticipated lifespan of 20-30 years (with the potential for facility
replacement/upgrading at the end of this timeframe rather than decommissioning), and this young
industry has not been present in Alberta’s grasslands long enough for there to be a body of knowledge
on land reclamation processes specific to renewable energy disturbances (Dhar et al., 2020c; Spellman,
2014). Although the broadly applicable approaches to minimizing surface disturbance are applicable,
there may be specific mitigation processes that can better support end of life restoration that have not
yet been realized and defined.
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Mitigation of Renewable Energy Construction Impacts

Beneficial management practices for renewable energy projects in Alberta’s native grasslands have been
defined by Neville (2017), which outlines strategic siting, minimal disturbance principles, and tools and
strategies to support reclamation and restoration planning.

All renewable energy projects should be sited to avoid ecologically sensitive areas, and avoid important
wildlife habitat and migration routes. Solar energy land use footprints can be minimized by siting on
existing anthropogenic disturbances, such as mining sites, agricultural lands, water treatment plants,
and even wind energy plants (Dhar et al., 2020c). Geothermal projects can utilize existing wellsites and
associated infrastructure to reduce new disturbance.

Renewable Energy Impacts & Reclamation Considerations

Wind & Solar Energy

Wind energy development is associated with the direct removal of native vegetation with subsequent
invasive species establishment, soil disturbance and compaction from heavy equipment used during
construction, and soil erosion (Althoff et al., 2009; Bradley & Neville, 2010). The type and intensity of
disturbance from wind and solar energy development varies depending on size and siting of projects

Solar panels cool soil and air and reduce vegetation growth. Solar farms should not be placed on arable
grasslands (Armstrong et al., 2016). In a study of the effects of solar panels on grassland in the United
Kingdom, Armstrong (2016) found soil and air temperatures, in spring and summer, under the panels
was on average 5° - 7° C cooler than gaps between panels and adjacent grassland. Vegetation biomass
was four times greater away from the panels and fewer species were found under the panels. They
concluded solar panels must be strategically placed to not reduce the sustainability of arable grassland
(Armstrong, 2016).

Reclamation processes include dismantling of infrastructure, recontouring of the site and access
infrastructure, soil replacement/supplementation, and revegetation. Soil disturbances from wind energy
construction is anticipated to be minor and limited to the location of turbine bases, unless topsoil has
been disturbed to create level work areas. This may support early interim reclamation activities at the
front end of operations following construction, where immediate issues arising from construction
activities (eg. addressing bare soil and erosion) can be addressed, followed by final reclamation once the
plant is decommissioned. (Dhar et al., 2020c)

Construction of solar plants generally includes landscape modification, such as vegetation removal, soil
removal and compaction, and access road construction. These activities are associated with bare soil
and erosion issues, and invasive species concerns (Hernandez et al., 2015; Turney & Fthenakis, 2011).
Soil should be salvaged and stockpiled, with the potential to support interim reclamation during plant
operation (Dhar et al., 2020a). Significant alterations to soil properties are likely to lead to major
restoration hurdles impeding vegetation hurdles, although there are no publicly available studies that
showcase monitoring outcomes from solar plant restoration (Dhar et al., 2020c).
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Dhar et al. (2020c) identified knowledge gaps specific to wind and solar energy development impacts
and restoration considerations that include:

e Infrastructural design, module configuration, and shape of solar and wind power plants effects
on biodiversity

e Extent native plant species are impacted and whether any taxa, life histories, or functional types
are more compatible with these energy systems

e Degree to which infrastructures act as corridors for wildlife movement

e Interactions among power plants, location, and dust

e Composition of vegetation beneath the solar panel influences on electricity generation and dust
deposition

e Minimizing ecological impacts of transmission lines and corridors

e Influence of wind turbines on local and regional wind dynamics and their effects on local land
use

e Intensity of land disturbance from the power plants

e Best reclamation options are for solar and wind power plants and how these options influence
overall recovery to a resilient ecosystem

e Longterm impacts if reclamation is integrated into the planning stage of energy plant
construction and the best approach to implement it

e Best way to manage cover soil in different land use systems to maintain viability of plant
propagules if storage is needed

e How to maintain soil propagule viability during storage of cover soils and management
approaches to follow

e How to create the desired environmental conditions for effective ecosystem recovery

Due to the long operational lifespan of renewable energy operations a phased reclamation process is
suggested by Dhar et al. (2020a). The initial phase is interim or intermediate reclamation that occurs
immediately following construction, and only excludes more permanent infrastructure such as wind
turbine bases, bases of solar panels, geothermal well heads, facility structures and access infrastructure.
This phase includes landform reconstruction with 10-20cm depth of cover soils, with some stockpiled
soil maintained in small piles to reduce compaction, and revegetation (including between and under
solar panels). The final phase of reclamation includes full decommissioning of equipment, clean up of
any hazardous materials, the bases of solar wind or geothermal infrastructure plugged with stockpiled
soils and revegetated with appropriate species.

Geothermal Energy

Geothermal energy is considered to have minor environmental impacts, although development and
infrastructure has the potential to alter vegetation and soil properties (Dhar et al., 2020b). Roads, well
pads, and powerplant structures all have the potential for soil compaction with subsequent erosion and
vegetation growth and reestablishment issues (Bayer et al., 2013).

Geothermal sites are small in terms of area, and the overall impact is anticipated to be less than
traditional energy or other renewable energy systems, with less barriers to attaining pre-disturbance
conditions (Dhar et al., 2020b). This reclamation process will likely be similar to oil and gas wellsite
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reclamation, with the inclusion of plugging wells when decommissioned. Geothermal reclamation may
be a two-phase approach similar to what is suggested for wind and solar, with interim/intermediate
reclamation occurring immediately after construction and addressing all disturbed areas aside from well
heads and necessary facilities/infrastructure, while final reclamation addresses those long-term
components.

Dhar et al. (2020b) identified knowledge gaps specific to wind and solar energy development impacts
and restoration considerations that include:

e Inadequate knowledge of environmental impacts of geothermal energy systems on soils,
vegetation and faunal habitat

e Soil properties and contamination levels surrounding geothermal resource sites and vegetation
and wildlife habitat responses

e Reclamation options from the beginning to after decommissioning and how these options
influence recovery to a resilient ecosystem

e Best approaches to integrate reclamation for fastest ecosystem recovery if abandoned oil and
gas wells are used for geothermal energy

e Potential long-term impacts of integrating reclamation into planning stages of plant construction

e Managing cover soil in different land use systems to create a resilient ecosystem

e Maintaining soil propagule viability during storage of cover soils and management approaches

e Effectiveness of creating desired environmental conditions for ecosystem recovery in disturbed
geothermal sites

e Available soil nutrients that influence long-term plant community development

e Undisturbed patch influences near geothermal plants on newly reclaimed sites as seed sources
or propagule banks

e Trends and patterns of plant community composition in reclaimed geothermal well sites

e Identification of indicator species that can be used to determine reclamation success and
environmental toxicity in different land use systems

o Effective reclamation strategies that can contribute to resilience of ecosystems in the era of
climate change

Recovery Strategies

Recovery strategies span a continuum between passive natural recovery strategies with no inputs
relying completely on revegetation by natural means, assisted natural recovery, and intensive
restoration activities such as seeding and planting (Chazdon et al., 2021).
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Figure 3. Restoration continuum. Adapted from Chazdon et al., 2021.

Plant Community Integrity and Recovery Success

One important consideration relative to recovery success is the health and integrity of the community at
the outset of a project. Healthy, functional systems are more likely to recovery successfully following
disturbance activities than unhealthy communities, especially if minimal disturbance techniques are
used. (Hickman et al., 2013; James et al., 2022; Neville et al., 2008)

Expectations for recovery success and timeframes should based on what is possible with the initial and
surrounding ecological health of the disturbance area. This highlights the importance of pre-disturbance
site assessments in providing information to help define expectations for recovery timelines and
success. Pre-disturbance site assessment processes are detailed in ‘Conservation Assessments in Native
Grasslands, Strategic Siting and Pre-Disturbance Site Assessment Methodology for Industrial Activities in
Native Grasslands’ (Alberta Environment and Parks, 2018).

Natural Recovery

Natural recovery is defined as the ‘Long term re-establishment of diverse native ecosystems (e.g.,
Prairie, forest) by establishment in the short-term of early successional species. This involves
revegetation from soil seedbank and/or natural encroachment and no seeding of non-native agronomic
species.’ (Alberta Environment, 2010). No seed or other plant materials from beyond the disturbance
are planted on the site during reclamation, and success is reliant on the native seedbank, seed rain from
the surrounding native plant community, and native plant propagules present in the soils.

Gill Environmental Consulting (1996) recommends natural recovery should be used where erosion risk is
low, or seed of appropriate species is not available. Natural recovery sites must be at a sufficient
distance (at least 1.6 km) from cultivated or weedy disturbances to prevent possible high weed seed
levels in the seed bank. Minimal disturbance size must be small enough to allow invading native seed to
cross the disturbance.
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Hammermeister et al. (2003) found that natural recovery on wellsites on Chernozemic and Solonetzic
soils resulted in plant communities that were dominated by annual forbs throughout the three years of
the study (although blue grama, needle-and-thread grass, and Junegrass were increasing in abundance),
while the control was a native plant community of needle-and-thread grass, blue grama, June grass,
carex species, and little clubmoss.

Work by Soulodre et al. (2022) investigating plant community trends on reclaimed wellsites in
southeastern Alberta found that natural recovery over five years resulted in communities dominated by
mid-successional perennial species with a higher cover of forbs and bare ground relative to seeded
treatments and undisturbed reference communities, but nevertheless showed quicker recovery than
seeded treatments, which yielded communities dominated by seeded native wheatgrass species.

Pyle (2018) conducted a large-scale study reviewing the effects of industrial disturbance on seedbank
composition on 18 pipeline ROWs, built between 1960 and 2007, on sandy and loamy soils at the
Mattheis Research Ranch, near Brooks, Alberta. Samples were taken from the pipeline trench and at
intervals up to 70 m from the trench with 55 to 70 m being considered non-disturbed. Pipeline age and
diameter influenced plant species, and seed banks generally reflected above-ground cover, with
seedbanks directly on pipeline trenches associated with higher densities of introduced sweetclovers and
wheatgrasses, and wide diameter pipelines associated with higher seed densities of introduced grasses
such as crested wheatgrass and Kentucky bluegrass. Seedbank composition along pipeline trenches
were found not to differ from adjacent sampling distances until at minimum 15 m from the trench edge.
However, grasses that dominate aboveground plant communities generally occur at low densities in
seed banks (Kinucan & Smeins, 1992; Willms & Quinton, 1995), indicating that other forms of
propagation may be larger drivers in establishment.

Monitoring natural recovery along a minimal disturbance small diameter pipeline in the Majorville
Uplands ecodistrict of the MG found that range health scores increased over time between four and
seven years post-disturbance, and bare ground decreased from 50% at four years, to 7.6% after seven
years post-disturbance. Litter was comparable to undisturbed controls on a number of sites, and was
increasing although less than undisturbed controls on the majority of sites (Lancaster et al., 2012).

Pausas et al. (2018) note that belowground bud-bearing structures (stored in roots, root crowns,
rhizomes, woody burls, swellings and belowground caudices) play a significant role in plant propagation,
specifically in fire-prone ecosystems such as the DMG and MG.

These studies indicate that natural recovery is an effective approach for small scale disturbances,
however outcomes can be unpredictable due to reliance on the soil seed bank, successful dispersal, and
the integrity of the surrounding plant communities (Soulodre et al., 2022).

Natural Recovery of Cultivated Fields After Nine Years
Over nine years is required for natural recovery of previously cultivated fields in DMG based on findings
by An et al. (2019) investigating soil and vegetation properties near Onefour, Alberta on loamy soils.
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After nine years, the study site had less native grass and sedge and higher bare ground and invasive
species than adjacent native grassland but showed promising trends towards recovery.

Natural Recovery on Solonetzic and Sandy Soils

Natural recovery may be successful over the long term (14 years) in the DMG on Solonetzic and Sandy
soils, when surrounded by large areas of good quality native grassland (Neville et al., 2008). Long term
monitoring of the Express pipeline in the DMG in southeastern Alberta (Neville et al., 2008) was
conducted over 14 years. Three sites were left to natural recovery, two on Solonetzic soils and one on
Sandy soils. Over 14 years, native plant communities re-established on all the natural recovery sites, and
cultivars were absent.

Timing of topsoil application was an important factor — the best vegetation establishment occurred
when soils were replaced prior to the following growing season. Cover of DMG key species, blue grama
and needle-and-thread grass were reduced when topsoil was stored over winter. Timing and duration of
livestock grazing can affect recovery. Sites located in large fields with “healthy” range health scores
fared better than those in smaller fields with “healthy with problems’ scores (Neville et al., 2008).

Silver Sagebrush Establishment with Natural Recovery

Silver sagebrush re-established more effectively on overflow and blowout ecological range sites where
natural recovery was implemented as the revegetation strategy following pipeline construction when
compared to similar ecological range sites on the same pipeline project that were seeded to a native
grass cultivar seed mix (Hickman et al., 2013).

Hickman et al. (2013), assessed pipeline and wellsite footprints relative to control sample units in Sage
Grouse habitat south of Medicine Hat. The purpose of the study was to: “examine past and present
reclamation practices and their outcomes in silver sagebrush communities in south-eastern Alberta and
to recommend beneficial management for achieving successful reclamation and restoration of
disturbance footprints”. A key finding of the study indicated that silver sagebrush re-established more
effectively on overflow and blowout ecological range sites where natural recovery was implemented
when compared to similar ecological range sites on the same pipeline project that were seeded to a
native grass cultivar seed mix, which resulted in a significant reduction in silver sagebrush cover
(Hickman et al., 2013).

Assisted Natural Recovery

Assisted natural recovery refers to the use of short-term additions of materials to a disturbed site to
modify the site to create more favourable conditions for the reestablishment of vegetation from
resources naturally present on the site and surrounding areas. This includes strategies such as the use of
cover crops, native hay, and mowing native mulch to maintain site stability while allowing infill of native
species (AEP, 2020).
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Cover Crops

The use of short-lived annual and perennial species as ‘cover crops’ to control erosion and provide
shade and advantageous microsites for native species establishment is a strategy used to assist with
natural recovery of a site (Call & Roundy, 1991).

Lancaster & Baker (2022) seeded triticale as a cover crop to support restoration efforts of abandoned
cultivation at a site adjacent to Writing-on-Stone Provincial Park in southern Alberta. This is described in
further detail in the section ‘Converting Cultivated Land to Native Grasses'.

Work in the MG has indicated that a fall rye and flax cover crop seeded at light rates on shallow to
gravel sites resulted in more live biomass on a small diameter pipeline disturbance in the first two years
when contrasted with native seed mixes, and after 12 years had similar vegetation cover when
compared to undisturbed grassland, with no traces of the agronomic cover crop (Lancaster et al., 2012).

Native Hay

Desserud (2017) used native hay to reclaim three 1 ha natural gas well sites in the DMG: two in the
Brooks area and one in the Eastern Irrigation District. Soils are Orthic Brown Chernozems, with
occasional Dark Brown Solod and Solonetzic Brown Chernozems. A modified combine with more durable
and sharper than traditional crop blades, was used to mow fresh hay in grassland less than 0.5 km away
from each disturbance, approximately 2.5 times the area of the disturbance. To provide seed rain for
infill of the cut area, cutting rows were separated by approximately 0.5 m of uncut grasses. The hay was
immediately chopped and sprayed on the disturbance to a depth of 2-5 cm. After spraying, the mulch
was lightly crimped into the soil. Older well sites treated with native hay over seven years prior were
also assessed (Desserud, 2017).

Little effect of hay harvesting on undisturbed DMG prairie was found. The year following cutting,
dominant DMG species resembled un-cut areas: Western porcupine grass, needle-and-thread, blue
grama, western wheatgrass, June grass and bluegrasses. Similarly, no significant differences were found
for litter, moss and lichens, forbs, and shrubs.

By the second year, 71% of the native grasses and forbs found in controls had germinated on native hay
sites, despite initial cover of weedy species, e.g., flixweed, kochia and pigweed. Good recovery was
observed on the well sites by the third year, hosting many species found in the adjacent grassland, and
respectable cover. Older sites treated with native hay showed very good recovery and were similar to
undisturbed areas. The only missing species was little club moss (Desserud, 2017).

Restoration of 50 year old crested wheatgrass fields north of Swift Current, Saskatchewan, utilized
native hay as a treatment, collecting native hay from an undisturbed grassland within a few kilometers
of the sites, and immediately scattering it on plots following collection in late summer, ensuring snow
melt would bring hay in contact with soil. Native hay treatments resulted in almost no establishment,
which may have been an effect of annual seed production variability, although hay was collected over
two years. (Bakker et al., 2003)
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The use of native hay has limitations that should be considered. Specifically, in the DMG vegetation is
sparse and short due to limited moisture, and the harvest of adequate amounts of native hay requires
the use of very large areas of potential forage to produce enough hay. In many years the height of grass
is too short to easily harvest, and impossible to crimp. Although there is the potential to chop and
spread, this method represents an inefficient use of land, that appears to have more drawbacks than
benefits. (Adams, 2023; Lancaster, 2023)

Seeding

Post-disturbance efforts to restore native plant communities through seeding have often been
associated with poor native plant establishment (Baer et al., 2002; Bakker et al., 2003). Seeding-based
reclamation requires success on several fronts, seeds must germinate, emerge, and survive successfully
to meet revegetation objectives, and each step of this process is subject to influence from a variety of
different biotic and abiotic factors, including but not limited to temperature, available water resources,
light availability, and seed loss do to depredation, wind, and soil erosion (Call & Roundy, 1991;
Hardegree et al., 2018).

There are various techniques, amendments, and seed mix designs that can support seeding success, and
a number of these have been studied.

Pipeline Seeding Results

A study in North Dakota found that incorporating cover crops into perennial seed mixes had no impact
on perennial grass biomass in disturbed pipeline soils (Espeland & Perkins, 2013). This indicates that
annual grass cover crops do not negatively impact early establishment and growth of desired
revegetation plant species in variable environments with limited resources.

Large Diameter Pipe Installation — Results of Seeding

Ten years of monitoring of a 30 m ROW in a large pasture in healthy rangeland in the DMG showed
minimum disturbance techniques are successful even for large diameter pipe installation (Naeth et al.,
2020). Naeth et al. (2020) conducted a ten-year (2009 — 2018) vegetation and soil monitoring of a large
diameter pipeline (76.2 cm diameter, 30 m ROW) in the DMG in predominately Solonetzic soils. Four
meters in the centre of the ROW were stripped for the pipe trench, considered minimum disturbance.
Topsoil was salvaged, stored separately from subsoil on the grass surface, and both replaced with at
least 1.2 m of cover over the pipe. The stripped area was seeded with a mix of native grasses at a rate of
10 kg/ha and crimped with straw. The unstripped work area was covered by geo-textile to reduce
machinery impacts.

Vegetation and soil assessments were conducted on the trench, unstripped storage area, unstripped
working area and off ROW from 5 to 20 m away. Native cover on the ROW was the lowest in the year
following construction, being lowest on the trench. Ten years later there was no difference in the
amount of vegetation cover between the trench, working and storage areas and cover levels were also
similar to off-ROW areas 100 m away. Non-native cover was <2% in any year on the ROW. Up to 10 m

Grassland Restoration Forum Page |33



from the ROW, non-native cover was higher in the first year, but declined in the years following (Naeth

et al., 2020).

Table 3. ROW original seed mix and species composition after 10 years.

Species

Original Seed Mix

ROW Species after 10 Years

Northern wheatgrass

Blue grama grass (dominant)

Western wheatgrass

Western wheatgrass

Slender wheatgrass

Slender wheatgrass

Blue grama grass

Needle-and-thread

June grass

Pepper weed

Needle-and-thread

Drummond’s campion

Canada milk vetch

Prairie selaginella

Wild vetch

Moss phlox

Scarlet mallow

From Naeth et al. (2020).

It is important to note that the minimal disturbance techniques used in this study went above and
beyond conventional techniques due to specific requirements to work in species-at-risk areas.

Seeding Small Diameter Pipelines

Case studies by Lancaster et al. (2012) reviewing the success of seeding minimal-disturbance small

diameter pipelines in the Cypress Uplands ecodistrict of the MG found that native seed mixes identified
in Table 4 (seeded at 12kg/ha) reduced bare ground, increased litter, and assisted with recovering plant

community composition.

Table 4. Native seed mixes used on Cypress project.

Merry Flats Native Mix 1

Merry Flats Native Mix 2

Species % of Mix Species % of Mix
Rough fescue 50 Rough fescue 25
Western porcupine grass 10 Western porcupine grass 40
Awned wheatgrass 10 Northern wheatgrass 15
Northern wheatgrass 10 Slender wheatgrass 10
Green needlegrass 10 Green needlegrass 10
June grass 5

Tufted hair grass 5

Disturbed sites seeded with these native mixes were classified as reference, late seral, mid-seral, and

early seral plant communities, with older seeded pipelines more strongly associated with mid seral to

reference communities.
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Seeding Results on the Express Pipeline

Long term monitoring of the Express pipeline in the DMG in southeastern Alberta was conducted over
14 years (Neville et al., 2008). Two seed mixes were assessed, one at ten Solonetzic sites and one at five
Sandy sites. After 14 years, persistent green needle grass and western wheatgrass were still expanding

or maintaining relative cover beyond control levels are influencing the trajectory of plant community

succession.

Table 5. Seed Mix for Solonetzic Soils.

Species % by Weight
Western wheatgrass 7.8

Slender wheatgrasses 12.5
Streambank wheatgrass 7.1
Northern wheatgrass 6.5

Green needle grass 10.6

Sheep fescue 13.1

June grass 6.5

Alkali bluegrass 1.9

Table 6. Seed Mix for Sandy Soils.

Species % by Weight
Streambank wheatgrass 5.4
Northern wheatgrass 5.1
Western wheatgrass 7.2
Slender wheatgrass 9.0
Prairie sand reed 12.2
Green needle grass 7.7
Indian rice grass 30.1
Sheep fescue 10.2
Canada bluegrass 7.5
June grass 5.6

Slender wheatgrass and northern wheatgrass behaved as transition species, establishing in the early

years and providing initial cover to stabilize soils, build litter and shelter other seedlings. Both species

are diminishing with time to near natural cover levels. Western wheatgrass established early, but cover

has slowly increased over the 14 years. Western wheatgrass persists at greater cover than on the

controls. Seeded June grass developed a persistent but low cover in the earlier years which has not

changed much over time. This species is beneficial for rebuilding diversity, the mid structural layer and is

resilient to grazing. Green needle grass cover increased steadily over five years in both the Sandy and

Solonetzic seed mixes. By year 14, cover levels have declined on Solonetzic sites. However, on Sandy

soils, green needle grass cultivars persist at cover levels that are significantly higher than on control sites

resulting in higher canopy structure than found on the controls. Sand grass (sand reed grass) cultivars

developed average cover levels comparable to controls, but their large size creates a persistent increase

in canopy structure on the reclaiming ROW relative to the controls.
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Non-native sheep fescue is invasive, increasing in cover on the ROW slowly but steadily on both healthy
and unhealthy rangeland. Sheep fescue may contribute to plant community modification over time.

After 14 years, persistent cultivars that are still expanding or maintaining relative cover beyond control
levels are influencing the trajectory of plant community succession.

Seeding Results on Wellsites

A study by Hammermeister et al. (2003) investigated the outcomes of four seeding treatments on seven
wellsites located near Medicine Hat, Bow Island, and Brooks Alberta. These treatments included non-
seeded, low diversity three wheatgrass and green needle grass seed mix, low diversity seed mix using
species typically dominant in native grasslands, and a diverse seed mix.

Table 7. Species composition of seed mixes used in wellsite rehabilitation (Hammermeister et al., 2003).

Seed Mixes (% Pure Live Seed)

Common Name Current Simple Diverse
Western wheatgrass 50 10 7
Northern wheatgrass 30 10 7
Slender wheatgrass 15 7
Green needle grass 5 7
Blue grama grass 30 22
Needle-and-thread grass 30 22
June grass 20 7
Indian rice grass 7
Canada wild rye 3
American vetch 1.85
Prairie coneflower 1.33
Common yarrow 1.25
Broom weed 1.17
Purple prairie clover 1.17
Tufted white prairie aster 1.08
Missouri goldenrod 1.08
Ascending purple milk vetch 1
Gaillardia 0.33
White prairie clover 0.33
Three-flowered avens 0.33
Northern sweetvetch 0.03
Golden bean 0.03

Results indicated that although seeded treatments were dominated by grass cover after three years, all
were dominated by wheatgrasses regardless of the seed mix used, while the control was a native plant
community of needle-and-thread grass, blue grama, June grass, carex species, and little clubmoss, and

the natural recovery (non-seeded treatment) was dominated by annual forbs.
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Work by Soulodre et al. (2022) investigating plant community trends on reclaimed wellsites in
southeastern Alberta, near Medicine Hat, compared recovery between three seed mixes, dominant
wheatgrass (four species, 95% wheatgrass), nondominant wheatgrass (five species, 80% non-
wheatgrass), and diverse (22 grass and forb species),natural recovery, and undisturbed native prairie as
a control (seed mixes detailed in Table 8).

Table 8. Seed mixes used by Souldre et al. (2022) in wellsite reclamation.

Seed Mixes (% Pure Live Seed)

Common Name Dominant Wheatgrass Diverse Nondominant Wheatgrass
Western wheatgrass 50 7 10
Northern wheatgrass 30 7 10
Slender wheatgrass 15 7

Green needle grass 5 7

Blue grama grass 22 30
Needle-and-thread grass 22 30
June grass 7 20
Indian rice grass 7

Canada wild rye 3

American vetch 1.85

Prairie cone-flower 1.33

Common yarrow 1.25

Broomweed 1.17

Purple prairie clover 1.17

Tufted white prairie

aster P 1.08

Missouri goldenrod 1.08

Ascending purple milk 1

vetch

Gaillardia 0.33

White prairie clover 0.33

Three-flowered avens 0.33

Northern sweetvetch 0.03

Golden bean 0.03

All seeded treatments resulted in plant communities dominated by wheatgrasses, although the
nondominant and diverse mixes had greater species diversity. Seeded treatments also yielded greater
aboveground biomass with less bare ground than natural recovery. (Soulodre et al., 2021)

This trend of wheatgrass dominance associated with wheatgrass in seed mixes was bucked by Lancaster
& Baker (2022), who used a seed mix with a substantial western wheatgrass component, but resulting
communities were not wheatgrass dominant. See ‘Converting Cultivated Land to Native Grasses’ section
for more details.

Grassland Restoration Forum Page |37



The ultimate finding across these studies is that using seed mixes that include wheatgrass cultivars
successfully reduces bare soil and erosion concerns, but tends to result in communities with reduced
diversity, dominated by wheatgrasses.

A study on drill sites in western North Dakota investigated the effect of oat cover crops on perennial
grass seeding found that soil nutrient profiles were a larger determinant in native perennial grass
establishment than cover crops, although cover crops only established in very low densities (Espeland et
al., 2017). The addition of the annual cover crop to the perennial grass seed mix had no effect on grass
establishment, and a small positive effect on rangeland health.

Silver Sagebrush Seeding

Silver sagebrush (Artemisia cana) is a key shrub species of restoration concern in the DMG and MG, it
provides a vital habitat component for many endangered species and should be considered in
restoration efforts in applicable communities (Watkinson et al., 2021). Previous seeding efforts have
yielded low success rates of 5-6% under field conditions (Romo & Grilz, 2002).

Watkinson et al. (2020) investigated silver sagebrush preparation techniques using seed collected from
Grasslands National Park, Saskatchewan, in an effort to determine which method maximizes
germination success. They found that scarified seed had significantly higher maximum germination rates
and lower time to reach maximum germination rates that non-scarified seed. Non-treated seed still
demonstrated rapid and high germination rates, indicating that previous low success rates associated
with sagebrush seeding was likely due to environmental conditions such as seed desiccation, lack of
water, and erosion issues limiting germination and survival. These findings indicate that scarification is
not necessary, but rather that seed should be cold stored to preserve viability and the seedcoat left
intact for seeding.

Silver sagebrush seeding efforts by the Alberta Conservation Association on a site near Manyberries,
Alberta, using locally collected seed saw variable success with better results associated with spring
seeding and strategic broadcasting by hand onto suitable microsites (knolls and swales) which resulted
in quicker and more successful establishment (MULTISAR, 2018).

Increased nutrient availability associated with greenhouse application of nitrogen on a weekly basis for
four weeks was found to increase two-year seedling survival of silver sagebrush by 57-80% and more
than doubling canopy cover in greenhouse trials by (Watkinson, 2020) indicating that amendments may
potentially increase restoration success.

Silver sagebrush should be collected by hand in late fall, when mature seed releases easily from the
flowering stems (Lancaster, 2023).

Silver Sagebrush Plugs

Silver sagebrush can also be restored with good success rates by planting plugs of seedlings grown in
greenhouses. Silver sagebrush plugs were used in a large-scale restoration effort near Manyberries in
southeastern Alberta, where plugs planted in low-lying areas in spring 2009 were found to have a 100%
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establishment rate and were increasing in height and vigour in 2010 (Downey et al., 2013). Sagebrush
plugs were found to develop extremely well in this effort, and further work in the area utilized
significant amounts of plugs with success (MULTISAR, 2018).

In a further study Watkinson et al. (2021) developed a model to assist with silver sagebrush restoration
by providing information on sagebrush cover as a function of density and stand age, supporting
calculation of seeding and/or planting densities needed to meet cover targets. The primary result of the
study was that planting densities of 6 plants per m? were required to achieve a minimum of 15% cover,
the minimum sagebrush canopy cover required for sage grouse nesting habitat (Coates et al., 2017;
Connelly et al., 2004).

A project by Gardiner et al. (2019) in Grasslands National Park, Saskatchewan, planted 11,856 silver
sagebrush plugs in a 6.5ha area, and found that two-year survival was 26%.

Herbicide Seeding Interactions

Herbicides are commonly used for the control of invasive broadleaf weeds in restoration activities;
however, this can have secondary effects on seeding success and may result in the creation of spaces for
other invasive plants to establish. Herbicides may also affect desirable plant species and negatively
impact reseeding efforts, especially if seeding occurs too soon after herbicide application. Alternatively,
if seeding does not occur quickly enough there is considerable opportunity for reinvasion. (Rinella et al.,
2009; Wagner & Nelson, 2014)

Bakker et al. (2003) used drill and broadcast seeding in combination with glyphosate treatments to

restore 50 year old crested wheatgrass stands north of Swift Current, Saskatchewan. Herbicide
application selectively targeted crested wheatgrass, glyphosate was broadcast sprayed in early spring
prior to growth of other species and applied using a weed wick during the growing season to the taller

crested wheatgrass plants. Crested wheatgrass competition was consistently reduced from herbicide

treatment, which also resulted in increased native grass establishment from seeding, with increased

species richness and total cover of native species.

Table 9. Seed mix used by Bakker et al. (2003).

Both Sites
Tableland
Valley 1994 1994 1995 1996
seeds/ seed seeds/ seeds/

Species kg/ha 2 kg/ha s/m? kg/ha 2 kg/ha 2
Blue Grama (Bouteloua gracilis) 19.5 3600 234 3670 234 3670 23.4 3670
Needle-and-thread grass (Hesperostipa a4 110 53 130 8.4 510 59 150
comata)
June grass (Koeleria macrantha) 0 4.4 1910 0 0
Northern wheatgrass (Elymus 0 0 76 550 45 150
lanceolatus)
Western wheatgrass (Pascopyrum 0 0 77 190 6.2 150

smithii)
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No differences in seedling establishment were noted between broadcast and drill seeding, but
survivorship was almost three times higher in broadcast plots compared to drill seeded plots. The
herbicide treatment strategy successfully reduced crested wheatgrass cover without suppressing seeded
and naturally recovering native species in this work by Bakker et al. (2003).

Stallman (2020) also found that glyphosate herbicide pre-treatments combined with seeding provided
the highest levels of biomass production and plant diversity, with less introduced species than the
control in a study in eastern North Dakota.

A study by McManamen et al. (2018) investigated the impact of picloram (Tordon 22K) and aminopyralid
(Milestone) on the germination and establishment rates of 10 different native forbs and grasses through
greenhouse seeding at 0, 3, 6, 9, and 11 months after application, as well as establishing field plots to
test effects of fall and spring herbicide treatments under field conditions near Fort Missoula, Montana.
Greenhouse trial results indicated that herbicides negatively impacted germination for nine out of 10
species across all time periods, and field trials finding reduced germination and biomass for 75% of
seeded species in herbicide-treated plots, with native forbs showing higher rates of adverse effects than
grasses. In fall-sprayed plots adverse effects were only noted for 25% of seeded species. These results
indicate that there is species specific variation in herbicide impacts, eg. Idaho fescue showed no impact
in germination to aminopyralid treated soils at 11 months, while pasture sage and slender blue
beardtongue (Penstemon procerus) had nearly 100% fewer germinants in herbicide treated soils. Field
trials showed differing interactions than greenhouse bioassays, likely due to the interactions between
species, conditions, and management choices. Across field and greenhouse trials aminopyralid showed
significantly less impacts on germination rates in field trials than picloram.

The findings by McManamen et al. (2018) support the need for herbicide-specific seeding mixes that
make use of plants with known herbicide tolerances. They also indicate that timing herbicide application
should be carefully planned, subsequently the timing of seeding should consider the effects of herbicide
residuals. Also, there is value in completing soil bioassays prior to seeding to assess residual herbicide
impacts, although site-specific trials are the best approach to understanding interactions on specific
restoration sites.

Climatic Variables and Seeding Success

Successful reclamation and restoration of grassland ecosystems via seeding is challenging partially due
to interannual and seasonal climate variation, which impacts germination rates, seedling establishment
and survival, weed dynamics, soil stability, etc. (Hardegree et al., 2018). Specifically, variation in short-
term environmental conditions subsequent to seeding have been shown to have significant influences
on seedling recruitment (James et al., 2019). A review by James et al. (2019) of 33 seeding experiments
across the Great Basin of the United States found that higher precipitation rates in the first month
following seeding resulted in increased germination rates, while higher soil temperatures resulted in
decreased germination and emergence rates.
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A study by Mollard & Naeth (2015) investigating the germination sensitivities of C4 and C; Canadian
prairie grasses to differing water potentials hypothesized that C4 grasses would germinate with less
available moisture than C; grasses. They found that there was a continuum of overlapping germination
sensitivity to water potential in individual species across these two groups, with germination
progressively inhibited with reduced water availability. Restricted soil water results in reduced
recruitment in semi-arid grasslands regardless of functional group, with available moisture a key driver
of germination success.

Seasonal climate forecasts and the incorporation of weather/climate information into restoration
planning could assist with reducing uncertainty and increasing the efficacy of restoration efforts, and
prioritizing restoration efforts during periods of below average temperatures (James et al., 2019). The
ability to accurately forecast weather conditions on this time scale is currently limited, but technology is
advancing and may be able to potentially support forecasting timelines that support decisions on timing
of seeding (Hardegree et al., 2018).

Seed Source

Seed transfer guidelines and seed zones for the use of native seeds for restoration purposes are largely
missing in most countries. Agronomically-produced restoration materials are used in many restoration
projects, with some question on the potential effects of this process on traits and restoration success of
these plants. There are concerns that the use of commercially available seed mixtures comprised of
genetically uniform cultivars and varieties could threaten local species diversity, and have negative
impacts on restoration success by using plants unsuited for the local conditions. (Bucharova et al., 2017;
Kiehl et al., 2014)

Many practitioners advocate for the use of regional and local seeds to support better restoration
outcomes, however there is still debate around this approach due to the lack of empirical data
(Bucharova et al., 2017).

A study by (Espeland & Richardson, (2015) found that agronomically produced western wheatgrass and
green needlegrass did not show any differences in abundance or biomass when compared to wild-
collected seed of the same species in a roadside restoration project in western North Dakota.

A summary of genetic and competition studies of big bluestem (Andropogon gerardii), Indian grass
(Sorghastrum nutans), and purple prairie clover (Dalea purpurea) across restoration projects in the
tallgrass prairie of Illinois found genetic differences between local and non-local seed sources for all
three species, and that plant performance differences were related to seed source, with non-local plants
typically significantly shorter (Gustafson et al., 2005). However, another study in the tallgrass prairie of
Illinois found that there was no difference in productivity between cultivars and grass grown from locally
sourced seed, indicating that regionally developed cultivars may be suitable alternatives (Baer et al.,
2014).

A large study in Germany reviewing the performance of seven plant species transplanted across seed
transfer zones found that local plants produced 7% more biomass and 10% more inflorescence than
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transplanted plants, and that species fitness decreased as geographic distance between seed origin
increased or climate differences increased. Phenological differences also increased with increasing
distances or climatic differences, with potential impacts on biotic interactions in transplant areas.
(Bucharova et al., 2017)

Research in the Great Basin found that more than 20 years was required for adaptive differences to
become apparent between 13 populations of Wyoming big sagebrush collected from across the western
US and planted into two common gardens in Idaho and Utah. Survival decreased by 5% per 100km
increase in separation from collection site, but these differences did not begin to emerge until after 10
years of monitoring, which may be an indication that short-term observations may not be adequate to
base seed sourcing decisions on, and could potentially introduce maladapted populations into
restoration projects. (Germino et al., 2019)

There is a lack of research in the grasslands to support seed transfer guidelines and seed zones,
representing an area that requires more research to support restoration decisions. Detailed information
does exist for other jurisdictions that can be used as a blueprint to build Alberta-specific resources. For
example, the Great Basin Native Plant Project! is a collaborative research initiative funded by the US
Department of Agriculture and Bureau of Land Management that provides detailed and regionally-
specific restoration knowledge, technology, and information on native plant material availability for
rangelands of the region.

Genetic Diversity Considerations
Ensuring genetic diversity and strength in reclamation seed and propagules should be considered.
Although there are no specific guidelines for open pollinated lifeforms (grasses) in Alberta, there are
guidelines for tree seeds outlined by Alberta Agriculture and Forestry (2016) which indicate that
collections should be a minimum of 100 clones/patches for clones, and a minimum of 50
parents/patches for seed (Figure 4). These guidelines may not be appropriate for grass species, but do
indicate that maintaining genetic strength should be considered.

1 Great Basin Native Plant Project: http://www.greatbasinnpp.org/
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Minimum number Requirements for
Material Seed orchard of clones or families representation of Collection area
) B tvpe? for establishment of | genofypes in Stream | for seed orchard
Category P a Stream 1 seed I seed orchard establishment
orchard
Plants per clone must | Within seed zone
Al Clonal seed 100 - 3000 be between (0.5% and
: archard clones/patches’ 1054 of orchard total,
or minimum Ne = 18
- 1 A 1tha -
A2 C]_ona]..med ~300 clones/patches * Du-c:umgr_il,atmn at Within seed zone
archard establishment
Minimum 4 plants Within seed zone
Seedling seed 50 - 150 /parent and maximum
Bl orchard arcnts/patches’ plants/parent must
P ¥pa not exceed 10% of
orchard total
B2 Seedling seed 150 narents/patches® Documentation at Within seed zone
- archard parenis’p : cstablishment

Figure 4. Seed orchard collection guidelines, Alberta Forest Genetic Resource Management and Conservation
Standards Third Revision of STIA Volume 1: Stream 1 and Stream 2.

Gustafson et al., (2005) found in a summary of genetic and competition studies of individual plant
species across restoration projects in the tallgrass prairie of lllinois that local plant populations were
genetically different from non-local plants (indicating differences in genetics and performance across
the tallgrass prairie) and cultivars, with cultivars more genetically similar to each other than local
remnant populations. Genetic diversity of the insect-pollinated purple prairie clover was decreased in
small prairie remnants relative to larger contiguous patches of prairie, while grasses did not show the
same loss of genetic diversity between remnant patches and larger areas. This indicates that use of local
grass and forb seed in restoration projects should be considered to maintain genetic diversity.

Seed Mixes and Seeding Rates

Developing seed mixes for restoration activities is a site-specific process, with each project requiring a
unique plan to ensure success. A wide variety of native species with a range of reproductive strategies
must be incorporated into seed mixes to achieve true restoration of a native plant community and
ensuring success of a varied mix requires careful planning. (Tannas Conservation Services Ltd., 2016)

Standard seed mixes used across western North America’s semi arid grasslands are generally low
diversity (3-10 species) of late seral/climax graminoid species, and are applied at low seeding rates.
Forbs and shrubs are seldom used, largely due to economic and sourcing constraints.

Incorporating various functional groups (warm vs. cool season grasses, rhizomatous vs. bunchgrasses,
forbs vs. grasses, etc.) supports better use of resources by desirable species, reduces opportunities
invasive species establishment, and supports stable forage production (Espeland, 2014; Maron & Marler,
2007; Srivastava & Vellend, 2005). Various studies have found that higher diversity in species in seed
mixes results in increased species richness and native plant cover in seeding trials, indicating that
departing from standard approaches and increasing investment in seed mixes may improve the
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restoration success and end up being more cost effective in the long-term (Barr et al., 2017; Geaumont
et al., 2019). This approach can be synthesized as the ‘insurance effect’ where high diversity seed mixes
have the potential to compensate for the failure of some species to establish (Yachi & Loreau, 1999).

Gill Environmental Consulting (1996) recommends that the amount of rhizomatous grasses in seed
mixes be reduced so as not to exceed 18 kg/ha. Use no more than 20% rhizomatous wheatgrasses
(western, northern and streambank) in seed mixes for DMG. Increase the percentage of slender
wheatgrass, quick to establish providing immediate ground cover, but short-lived in the DMG. As slender
wheatgrass dies back, it opens up spaces allowing native species to establish. (Gill Environmental
Consulting, 1996). Serajchi et al. (2017) found that ensuring native perennial forages were mixtures
rather than monocultures provided higher yields in a long-term study near Swift Current, Saskatchewan,
finding that reducing western wheatgrass seeding rates by half (100 to 50 seeds/m?) still maintained
overall forage productivity rates (Mischkolz et al., 2013; Serajchi et al., 2017).

Seeding Rates

Seeding rates prescribed by kg/ha can result in drastically different rates of seed application on a per m?
basis due to the sometimes substantial size variation in seeds. Tannas Conservation Services Ltd. (2016)
succinctly defines this problem, where a 25kg/ha seeding rate can result in:

‘....seeding rates of anywhere between ~827 seeds/m? (western porcupine grass) and ~27,500
seeds/m? (tickle grass). This vast difference in the number of seeds being planted on a given
area of ground can have drastically different results on trajectories. Mixing these two species
together can further complicate matters. Say we add 12.5kg of each species to the mix for
simplicity (50%) this will result in 3% of the seeds in the mix being western porcupine grass and
97% of the seeds being tickle grass. At this seedling density only a fraction of 1% of the seedlings
will be able to survive to maturity as the seedling density is much too high.’

This issue evolves in complexity as you begin to add species with not only variable seed size but
variability in competitiveness of each species, and monocultures can emerge in cases where seed mixes
contain species that have small seeds or high competitive abilities. This can result in plant communities
that are very different than what was originally targeted at the front end of a restoration project.
(Tannas Conservation Services Ltd., 2016)

Seeding rates have been investigated in various studies. The effect of seeding rates in mixed grass
prairie was also studied by Dickson & Busby (2009) who found that forb density and diversity on
restoration sites could be increased by increasing forb seeding rates in conjunction with decreasing
grass seeding rates. Williams et al. (2002) found that restoration of Wyoming big sagebrush
communities in northeastern Wyoming was most successful at reaching plant density targets of 1 shrub
per m? under higher sagebrush seeding rates (4kg PLS/ha) with intermediate grass seeding rates (6-8kg
PLS/ha undefined mix of western wheatgrass, northern wheatgrass, and slender wheatgrass).

In the shortgrass steppe of northeastern Colorado Barr et al. (2017) found that the greatest restoration
success across 12 loamy and sandy loam study sites occurred using a seed mix of 35 different species

Grassland Restoration Forum Page |44



and a seeding rate of 1,366 pure live seeds/m?. Higher seeding rates (344 vs. 172 PLS/m?) and higher
diversity seed mixes (95 species vs. 15 species) were also associated with successful restoration
outcomes in a study by Carter & Blair (2012) on abandoned cultivation land in the mixedgrass of
Nebraska. In tallgrass prairie the use of a high diversity seed mixture (97 species) was associated with
increased invasion resistance in cultivation restoration trials, although seeding rate (148 PLS/m? vs. 297
PLS/m?, drill seeded) was not (Nemec et al., 2013).

Standard seeding rates and seed mix diversity may not be adequate to maximize the success of
grassland restoration projects. Consideration should be given to increasing the number and types of
species used in seed mixes and applying these at higher rates to ensure success. (Barr et al., 2017)

Various resources exist that provide direction and information on the use of native plants and
development of seed mixes for restoration purposes. These resources include ‘A Guide to Using Native
Plants on Disturbed Lands’ which provides general information on the use of native plants for
restoration and reclamation purposes (Sinton et al., 1996). ‘Native Plant Revegetation Guidelines for
Alberta’ provides direction on developing seed mixes for various soil types across the DMG (Native Plant
Working Group, 2000). Gabruch et al. (2011) provides project planning guidelines, recommendations for
cover crop and nurse crop densities, and sample seed mixes for a variety of range sites in the mixedgrass
and tall grass prairies in ‘Rebuilding your Land with Native Grasses, a Producer’s Guide. This information
is further refined and detailed, with direction on designing a seed mix for the Northern Great Plains in
‘Revegetating with Native Grasses in the Northern Great Plains Professional’s Manual’ by Wark et al.
(2004).

Wruck & Hammermeister (2003) provide a seed mix calculator in ‘Prairie Roots: A Handbook for Native
Prairie Restoration’ that can support seed mix development for the DMG. A seed mix and seed rate
calculator has been developed by Tannas Conservation Services Ltd. (2016) in the resource ‘Plant
Material Selection and Seed Mix Design for Native Grassland Restoration Projects’ to support site-
specific seeding projects in Alberta. This resource and associated training sessions can support the
development of site-specific seed mixes and seeding rates that support restoration success.

Amendments and Seeding Success

Soil amendments can enhance germination and seedling growth of both desired species and weeds by
supporting increased soil water content and retention, providing nutrients and organic matter, and
reducing bulk density (Cohen-Fernandez & Naeth, 2013; Ohsowski et al., 2012).

A comprehensive study by Naeth et al. (2018) on sandy soils at the Mattheis Research Ranch (Brooks,
Alberta) investigated the effect of amendments and topographic microsites on seeding success on
disturbed grasslands. Microsites included mounds, pits, and flats, which had treatments and controls for
amendments of erosion control blankets, strawy, hay, manure, and hydrogel. A native seed mix was
hand broadcast at a total rate of 350 pure live seeds per m?, broken down as 50 pure live seeds per m?
per species (Table 10).

Table 10. Seed mix used by Naeth et al. (2018).

Grassland Restoration Forum Page |45



Species

Grasses | Needle-and-thread grass (Hesperostipa comata)
Slender wheatgrass (Elymus trachycaulus)
Fringed brome (Bromus ciliatus)
Blue grama (Bouteloua gracilis)
Forbs Canada milkvetch (Astragalus canadensis)
Old man's whiskers (Geum triflorum)
Wild blue flax (Linum lewisii)

Amendments were manure from beef cattle on the Mattheis ranch (applied at 0.35kg/m?), fresh native
hay from adjacent fields applied at 0.6kg/m?, weed free wheat straw was applied at a rate of 0.5kg/m?.
Straw and hay plots were stabilized using open mesh, the same as is often used on hay bales. Hydrogel
was applied at 0.35kg/m? as per manufacturer’s specifications.

Manure treatments increased total organic carbon and nitrogen, as well as electrical conductivity in
soils. The erosion control blanket and hay treatments significantly increased seedling emergence, and
straw treatments were associated with less emergence than other treatments and was not significantly
different than the non-amended control treatments.

Amendments as a whole increased grass and forb emergence and buffered soil temperatures, improving
seeding success. Microsites had no significant effect on grass cover over the three year study. Although
amendments increased emergence, absolute grass cover was 13% at the end of the three year study,
and there was no significant difference in grass cover between the control (unamended flats) and any
treatments. Forb cover also had no consistent trends in difference in cover between controls and
treatments after three years. These findings indicate that amendments, particularly erosion control
blankets and hay, can support increased seedling emergence in the DMG, supporting success in a
limiting phase of restoration.

House & Bever (2020) investigated the impact of biochar soil amendments in tallgrass prairie south of
Indianapolis, Indiana, and found that biochar (charred organic matter) amendments had no effect on
grass growth, even at rates as high as 20 tons/ha, and actually reduced forb growth on seedlings
transplanted into disturbed tallgrass prairie. Another study in tallgrass prairie found that biochar soil
amendments resulted in significant increases in plant species richness and growth of seeded species
(Biederman et al., 2017), while a different tallgrass restoration study found variable plant responses to
biochar amendments (Houghton, 2017).

A study western North Dakota found that nitrogen additions significantly increased aboveground
biomass, but reduced species richness when compared to controls in a restoration study in the
mixedgrass (Kobiela et al., 2016). This is contrasted by findings by Biondini et al. (2011) on a restoration
project also in the mixedgrass of North Dakota who found that nitrogen and phosphorus additions
significantly increased aboveground biomass but increased species richness.
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Using Mulch to Assist Revegetation

Amending seedbeds with mulch may avoid soil erosion and help both plant recruitment and early
vegetation development in these water-limited landscapes. A field experiment was established to
determine if straw and hay mulch facilitate early revegetation on an abandoned irrigation area in
southern Alberta, Canada. Mollard, Naeth, and Cohen-Fernandez (2016) found straw and hay mulch
helped soil water conservation, had a positive impact on species recruitment, except blue grama, which
was negatively impacted by thick mulch.

Soil was tilled and the seedbed prepared through manual harrowing, then plots were broadcast seeded
with slender wheatgrass, blue grama, native vetch and blue flax. Hay and straw mulch were applied at
two rates (300 and 600 g m?). Plant recruitment and cover were assessed through the first four years.
Mulch had a positive impact on recruitment of all species planted except blue grama. While a thinner
material like hay proved to be most effective at high rates (600 g m?), a thicker material like straw
encouraged quick recruitment for these species only at low application rates (300 g m?).

However, early differences among mulch treatments did not show an impact in either recruitment or
cover during subsequent years. Blue grama, whose recruitment and growth were broadly impaired by
mulch, showed an abundant and constantly increasing cover in the bare ground control and in plots with
low application rates of hay. The mulch treatments were dominated by slender wheatgrass, native
vetch, and blue flax (Mollard et al., 2016).

A study by Bakker et al. (2003) found that mulch had no effect on establishment or survivorship of
native grasses in a study restoring crested wheatgrass fields north of Swift Current, Saskatchewan, and
in fact reduced native species cover and species richness.

Hydromulch Success

A combination of drill seeding native grasses followed by a cover of hydromulch resulted in regulatory
approval in a DMG oil and gas trail reclamation. Hydromulch seeding, where the seed mix is applied
directly to the surface of the soil with a hydromulcher, had limited success. Drill seeding only and
natural recovery had no success (Edwards, 2010).

A comparison of seeding methods to reclaim two-stripped trails to access oil and gas wells, was made in
the Special Areas, near Blindloss and Oyen in the DMG. Gravel was removed, the trails lifted to relieve
compaction and topsoil was replaced. Two sites were left to revegetate naturally, one was drill seeded,
eleven seeded via hydromulch, and twelve were drill seeded then covered with a layer of hydromulch
(seed mix detailed in Table 11).

Table 11. Seed mix used with hydromulch by Edwards (2010).

Species % By Weight
Needle-and-thread 50
June grass 20
Blue grama grass 15
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Species % By Weight
Northern wheatgrass 10

Western wheatgrass 5
From Edwards (2010).

All 26 sites required weed control in the first two years. The two sites left to revegetate naturally and
seven with hydromulch seeding were re-seeded by drill seeding in the third year as they had not
recovered. All sites were initially fenced with fences removed the following year from all except the
eight sites still requiring management. 92% of the sites with a combination of drill seeding and
hydromulch cover and 27% of the hydromulch only sites reached regulatory approval within three years.
Hydromulch probably provides needed moisture for germination and establishment (Edwards, 2010).

A study by Lardy (2022) in North Dakota reviewed the effects of hydromulch as a post-seeding land
preparation method in comparison to straw crimping, land imprinting, and a combination of land
imprinting and hydromulch. They found no significant difference in vegetation establishment between
treatments.

Erosion Control

Disturbed areas in the DMG and MG are highly prone to erosion due to a combination of dry climate and
frequent wind, and erosion mitigation and control measures are important reclamation considerations.

Coarse-textured or sandy soils are more prone to erosion following surface disturbance, which
negatively impacts recovery (Bradley & Neville, 2010; Pyle, 2018). Pipelines constructed in sandier
ecosites may have more introduced species which in turn reduce natural soil crusts, which are important
for stabilizing soil and reducing erosion (Hickman et al., 2013; Pyle, 2018). Disturbance increases erosion
potential of loamy and blowout range sites as well.

Crimped straw mulch has been found to mitigate erosion issues and can be utilized in situations where
erosion risk exists. A North Dakota research project by Lardy (2022) in the Williston Basin reviewing the
effects of post-seeding land preparation methods, straw crimping reduced total runoff and was
identified as the best option for providing surface cover in comparison to land imprinting, hydromulch,
and a combination of land imprinting and hydromulch. Care must be taken to properly crimp the straw
into the soil. Straw must be taken from weed-free fields, and care should be taken to ensure it does not
contain seed from undesirable agronomic forage species (Gill Environmental Consulting, 1996).

Erosion matting and coconut matting are two other erosion control tools that can be used in unstable
areas to address erosion concerns, with coconut matting showing good potential to reduce wind erosion
(Low, 2016; Pyle, 2018). Wind is a dominant feature in the DMG and MG and can result in movement of
soil and both natural and human-dispersed seeds. Surface litter and mulches can reduce erosion issues
and provide substrates that prevent movement of seeds (Chambers et al., 1990; Fowler, 1986; Stamp,
1989).
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A study at the Mattheis Research Ranch near Brooks, Alberta, in the DMG investigated the use of
erosion control blankets on seeding treatments of disturbed grasslands on sandy soils. Erosion control
blankets comprised of coconut and straw were spread over seeded treatments and anchored with
staples. Erosion control blankets reduced soil temperatures relative to controls, and increased grass and
forb emergence. (Naeth et al., 2018)

A project by Walker et al. (1996) used straw bale and brush mulch wind barriers (in addition to other
techniques) to support reclamation of a large diameter gas pipeline in the Great Sand Hills region of

southwestern Saskatchewan, finding that after four years canopy cover was 88% native species, and

protected sites had enough stable vegetation to support cattle grazing.

In large native grassland areas with good range health in the DMG, natural recovery over time may be
adequate to reduce erosion issues (Hickman et al., 2013). In other areas, a low seeding rate, 12 kg/ha in
the DMG, is adequate to control erosion and support reestablishment of native species (Neville et al.,
2008).

Site specific erosion and sediment control plans are often required by regulatory authorities as
conditions for approval if industrial activity cannot be avoided. Erosion control procedures include the
use of cover crops, (eg. slender wheatgrass) to provide short-term site stability and shade to support
natural infill, slope texturing, use of synthetic or natural barriers, mulching, silt fences, crimped straw
and straw bales, wind barriers, fibre rolls, and wattles (Alberta Transportation, 2011; Lancaster &
Neville, 2010).

Erosion Control on Steep Slopes

The river valleys and coulee systems in the DMG are the drainage conduits for large areas of prairie
uplands during spring runoff and sudden high precipitation events. Man-made surface disturbance in
these systems promote and/or accelerates water erosion and associated sediment deposition. Industrial
activities in these sensitive areas should be avoided. Planning construction activities to avoid known
seasonal runoff and precipitation events can reduce negative outcomes, and the use of alternative
approaches, such as directional drilling, to avoid these high-risk sensitive areas can be more time and
cost effective than the use of extensive erosion controls on steep slopes (des Brisay, 2018).

The preservation or restoration of existing drainage systems is a defined best management practice for
industrial disturbances (Alberta Transportation, 2011). Returning landforms to pre-disturbance
condition by recontouring is an important step on steep slopes to support effective drainage while
reducing erosion issues and concerns.

Recovery of Large Disturbances

The recovery of large disturbed areas, such as abandoned cultivated land, poses a different set of
challenges than restoring smaller disturbances. Cultivation can have significant negative impacts on soil
and vegetative properties, and an understanding of their recovery timelines and processes is essential to
support restoration of these landscapes. (An et al., 2019)
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Converting Cultivated Land to Native Grasses

Seeding native grasses was successful in a DMG restoration of cultivated land, with herbicide spraying
and mowing to reduce unwanted forbs in the first two years (Downey et al., 2013). The 57 ha
restoration project is located near Manyberries, Alberta, in the DMG, on previously cultivated land with
Brown Chernozemic loamy soils, surrounded by native grassland (Downey, 2013). The site was treated
with glyphosate to remove undesired weeds and grass, seeded in May 2008 at a rate of 10 kg/ha with
the seed mix outlined in Table 12, using a broadcast seeder followed by a light harrow, and fenced to
prevent disturbance and encourage grass establishment. The site was mowed and baled in August 2008
to reduce kochia and Russian thistle and sprayed with targeted broadleaf herbicide in spring 2009. In
2009 silver sagebrush plugs (7.5 cm tall, 10 cm of root depth) were planted by hand.

Table 12. Seed mix and third year results of native grass seeding in the DMG.

Original Seed Mix Third Year Results
Species % by Weight Species % Cover

Northern wheatgrass 27 Blue grama grass 13
Western wheatgrass 20 Northern wheatgrass 13
Blue grama grass 20 June grass 10
Needle-and-thread grass 17 Western wheatgrass 6.7
June grass 16 Needle-and-thread grass 4.7

Green needle grass 2.8

Pasture sage 2.8

Bare ground 26

All seeded grasses were found on the site in 2008 and 2009. Natural recovery of forbs included pasture
sagewort and western yarrow. All silver sagebrush plugs survived and had increased in height and
branching. Range health was 69%, healthy with problems, but with excellent litter amounts (Downey,

2013).

N
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Figure 5. Comparison of site in Year One (left) and Year Three (right).
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An additional multi-year restoration project has been ongoing on the Silver Sage Conservation Site since
2011. This site is managed by the Alberta Conservation Association and Alberta Fish and Game
Association, and located near Manyberries, Alberta. The project is focused on the restoration of
abandoned cultivated land, was initiated in fall 2011 and has continued to present day with various
seeding and shrub planting efforts that have resulted in restoration of native grass cover and
improvements in range health over 2,000 acres (MULTISAR, 2018).

Figure 6. Example of restoration progress over six years at a point on the Silver Sage Conservation Site.

A study by An et al. (2019) investigated changes in soil and vegetation properties under natural recovery
from 2008-2016 on an abandoned cultivated field near Onefour, Alberta on loamy soils, relative to
undisturbed controls. Grass and sedge cover in recovery areas were lower than controls, while shrub
and forb cover was similar, although higher invasive species and bare ground cover was also associated
with recovery areas. Soil organic carbon and notal nitrogen concentrations were still higher in native
grasslands than in previously cultivated lands nine years after abandonment. These results indicated
that the effects of cultivation on soil and vegetation persist for a number of years following cultivation
abandonment, and in the DMG natural recovery of soils and vegetation on large disturbances appears to
take longer than nine years.

Reclamation of abandoned cultivation to native cover has been ongoing since 2006 by the MultiSAR
program and Lancaster & Baker (2022) at a site adjacent to Writing-on-Stone Provincial Park in southern
Alberta. The abandoned cultivation site was comprised of downy brome, prickly lettuce, and significant
(35%) bare ground, which required intensive site preparation of spring glyphosate applications in year

I LL,LLLL———AS—A
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one and two, weed control in adjacent areas and roads, and seeding of triticale in year two which was
subsequently baled and removed. Initial seeding to establish a plant community on a trajectory towards
the surrounding reference community of needle-and-thread, June grass, and blue grama expressed in
the surrounding native grasslands occurred in year four of the project using a native seed mix (described
in Table 13) broadcast seeded at 8 Ibs per acre followed by a light harrow. No needle-and-thread
established from the mix.

Table 13. Seed mix details for Writing-on-Stone cultivation reclamation.

Species Blend by weight (%) Seed # per Ib Blend by # of seeds (%)
Needle-and-thread 35% 113398 13%
Western Wheatgrass 30% 108862 10%
Blue Grama 35% 687273 77%

Adaptive management included invasive species control using various methods (hand pulling, mowing,
spot-spraying), grazing to influence interspecies competition and limit seed production and seed set of
invasive species, and additional broadcast seeding of native forbs, shrubs, and wild harvested seed.

After 12 years post-seeding recovery has been most successful on medium-textured soils (Figure 7) but
native plant diversity is poor.

Figure 7. Recovery at Writing-on-Stone reclamation project 12 years post-seeding on medium-textured soils (left),
coarse till (middle) and wet meadow (right).
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This project highlights the need for a diverse seed mix, adaptive management, the shortcomings in
availability of seed, the need for long-term funding and time, and the impact of uncontrollable factors
such as drought and edge effects of invasive species on restoration success.

A study by Milchunas et al. (2011) found that cropland seeded to native grasses on the shortgrass
steppe of eastern Colorado found that plots that had been previously planted to sorghum had
significantly higher cover of perennial native grasses and all other native species than wheat cropped
areas. This was attributed to the allelopathic traits of sorghum, which resulted in an initial reduction in
invasive species cover prior to the seeding treatment.

Invasive Species Management

Industrial activities where soil disturbance occurs result in both bare ground and alterations in soil
nutrients (increased nutrient release via root death and turnover), both of which alter vegetation
composition and plant regrowth potential, providing vectors for early successional species and
opportunistic weeds to establish (Anderson et al., 2007; James et al., 2022; Whitehead, 2000). Although
invasive plants are more strongly associated with areas of higher resource availability (eg. moisture and
nutrients) there are still substantial invasive plant concerns in the DMG, with increased pressure and
threat from novel invaders such as invasive annual bromes, medusahead (Taeniatherum caput-
medusae), and Ventenata (Ventenata dubia) associated with the southern border (An et al., 2019;
Theoharides & Dukes, 2007).

Invasive species can interfere with reclamation success in three main ways as defined by Espeland &
Perkins (2017):

1. Competing with desirable seeded species
2. Preventing recolonization/natural recovery by native species
3. Reducing landscape integrity by expanding off-site

It is important to prevent spread of invasive species during both industrial disturbance and reclamation
activities, and the use of weed free seed sources and ongoing monitoring and invasive species
management can assist with reaching this goal (Espeland & Perkins, 2017).

Diversity and Resilience

Maintaining plant community diversity and resilience is strongly associated with reduced potential for
invasive species invasion, due to the intrinsic competitive environment of these communities, where
resources are close to fully allocated (Naeem et al., 2000; Theoharides & Dukes, 2007). A suite of diverse
plant species can collectively reduce resource availability to a point where growth of invasive plants is
effectively suppressed. This also holds true in cases where there is a single strongly competitive species,
but within the context of ensuring restoration success it should be advised that a diverse assemblage of
species is used to help ensure that there is a desired species present that has similar traits and utilizes a
similar niche to potential invasive species (Funk et al., 2008).
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The potential of using ‘trait-based’ approaches to restoration should be explored in the DMG, where the
selection of restoration species should consider the traits and habitat niches utilized by invasive species
of concern (Funk et al., 2008).

Early Successional Species

Gill Environmental Consulting (1996) noted that early appearing weedy species such as flixweed and
kochia may assist establishment of seeded species. Weedy species such as flixweed, kochia and Russian
thistle commonly establish on disturbed ground in the DMG, tending to dominate for a short period of
time and dying out as succession continues. Kochia may act as a nurse crop for seeded wheat grasses,
protecting bare ground from wind and water erosion, and protecting wheatgrass seeds from desiccation
by trapping snow. Mowing these early successional species may aid the establishment of seeded
species. Russian thistle water use may increase water stress in blue grama and western wheatgrass (Gill
Environmental Consulting, 1996).

Competition by these species may delay development of native grasses, but they do not persist.
Mowing, not herbicide spraying should be the weed control of choice. Spraying will damage desirable
species, not just weeds. Mowing is most effective if done before seed is set, and high enough not
damage establishing native grasses (Gill Environmental Consulting, 1996).

Industrial Disturbance and Invasive Species

Pipelines and Invasive Species

A study by Espeland & Perkins (2017) found that the installation and reclamation (via seeding) of a
1.8km long small diameter livestock water pipeline was associated with short-term increases in non-
persistent naturalized weeds, and the introduction of crested wheatgrass (Agropyron cristatum) and
black henbane (Hyoscyamus niger) at a low incidence of occurrence and no indication of increases over
the four years of the study.

Problem Introduced Forages

Perennial forage species were purposefully introduced for crop and forage purposes, and prior to the
mid 1990’s were often used in reclamation projects. This practice is associated with negative ecological
and economic impacts, and the use of these introduced perennial forage species for reclamation
purposes is no longer allowed on native landscapes. However, they are often present as a legacy effect
of previous land use decisions, and often require management considerations in reclamation activities.
(Alberta Environment, 2003)

Managing Kentucky Bluegrass

Kentucky bluegrass has been increasing on mesic grasslands with and without grazing in Alberta
(Zapisocki et al., 2022) and throughout the Northern Great Plains (Toledo et al., 2014). This species is the
most frequent and abundant non-native plant in Alberta grasslands (Zapisocki et al., 2022), including the
DMG and MG (Adams et al., 2013). In the DMG, depressional areas can have a high component of
Kentucky bluegrass (Baker & Rushton, 2020). DMG reference plots at Hays East near Medicine Hat, and
Antelope Creek Ranch, near Brooks show the highest levels of Kentucky bluegrass invasion. Kentucky
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bluegrass presence was 33% across 742 plots in the MG in a 2013 analysis. It is a component of a
considerable number of plant communities identified in the Mixedgrass Range Plant Community Guide
and is present across many of the MG reference areas (Adams et al., 2013b).

Kentucky Bluegrass Management with Fire
Kentucky bluegrass plant communities form a continuous mulch on the surface which has been shown
to regulate soil water and temperature dynamics (Avery et al., 2019) , and reduce plant diversity and
germination (Halvorson et al., 2022). These changes are thought to promote further invasion of this
species through increased shading and cooling of the soil surface. Less-frequent fire and a reduction in
grazing also result in increased plant litter (Printz & Hendrickson, 2015). Reducing the mulch has been
suggested as a technique for Kentucky bluegrass control (Duquette et al., 2022), and the use of fire has
been tested in tallgrass prairie remnants (Bahm et al., 2011; Helzer, 2012). Fire treatment did not result
in long-term decreases in Kentucky bluegrass cover, however, increases in native species diversity and
abundance did occur (Bahm et al., 2011; Helzer, 2012).

Kentucky Bluegrass and Targeted Grazing
Kentucky bluegrass is more tolerant of grazing than many native grasses (e.g., Willms et al., 1985),
however, it starts growth earlier in the spring, which provides an opportunity to use early targeted
grazing as a control measure (Duquette et al., 2022). A 5-yr study in North Dakota mesic grassland
(green needlegrass (Nasella viridula), needle-and-thread grass (Hesperostipa comata), Western
wheatgrass (Pascopyrum smithii), using early spring grazing, reported limited success in permanent
reduction of Kentucky bluegrass but a 26% increase in native grass abundance.

Kentucky Bluegrass Management with Herbicides
There were no herbicide studies found that were specific to the DMG, perhaps because Kentucky
bluegrass invasion is still an emerging problem in this subregion. A study in the moist mixed subregion
near Saskatoon, SK reported a large increase in Kentucky bluegrass 10-years following spot-spraying
treatments of smooth brome using 10% glyphosate (Slopek & Lamb, 2017). Similarly, in the Foothills
Fescue subregion, Tannas (2014) reported that Kentucky bluegrass was opportunistic, replacing smooth
brome and Timothy after glyphosate treatment. Combined herbicide/fire treatments have been used for
the control of Kentucky bluegrass in remnant Tallgrass prairie (Bahm et al., 2011; Ereth et al., 2017),
however, long-term reduction has not been demonstrated. All studies do report increases in native plant
diversity and/or abundance after treatment. For example, spring and fall application of 0.33 kg ai ha?
imazapyr and 0.10 kg ai ha? imazapic + 0.16 kg ai ha? imazapyr resulted in increased native species cover
after three growing seasons (Bahm et al., 2011).

Managing Crested Wheatgrass

Crested wheatgrass (Agropyron cristatum) is a persistent and frequent invasive species across the DMG
and MG, its presence a legacy effect, with establishment and spread initially promoted by historic and
intentional seeding practices for forage and reclamation purposes (Alberta Environment, 2003;
Henderson & Naeth, 2005; Zapisocki et al., 2022). Intentionally seeded in the 1930’s to assist with
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recovery of eroded landscapes, and later to reclaim oil and gas sites (Willms et al., 2011), it has spread
to become the prominent invasive graminoid across the DMG (Zapisocki et al., 2022).

Crested wheatgrass is very drought tolerant and establishes rapidly, crested wheatgrass is associated
with reduced ecological function and soil quality, and nutrient availability, and has been found to be less
productive than native grasses under both normal and drought conditions (Vaness & Wilson, 20007;
Willms et al., 2005). Although crested wheatgrass is associated with early spring green up, palatability
decreases rapidly over the growing season, with protein levels noted as often inadequate to support
lactating cattle by mid-June (Zlatnik, 1999). Crested wheatgrass invasion is associated with areas in poor
health, but it can occur in healthy communities as well (Henderson & Naeth, 2005), and is also
associated with altered and reduced arbuscular mycorrhizal fungi communities, soil mutualists that are
associated with native plant communities (Reinhart & Rinella, 2021).

Crested Wheatgrass Management with Glyphosate, Grazing, and Native Seeding
Crested wheatgrass may be managed with a combination of repeated glyphosate application, grazing
and native seed application (Henderson, 2005). A research program was designed to describe multiple
scales of crested wheatgrass invasion patterns and impacts in mixed-grass prairie of Alberta and
Saskatchewan, and to determine effective means for preventing invasion and restoring invaded
grassland (Henderson, 2005). Crested wheatgrass seed germinated at a rate of 90% after 5 months of
soil burial and 75% of seed survived above ground. Four years of repeated grazing, haying and
glyphosate applications reduced or maintained low crested wheatgrass seedbank densities, but only
glyphosate reduced adult plant cover.

Restoration efficiency and effectiveness may be increased with a carefully sequenced combination of

grazing to reduce crested wheatgrass seedbanks, glyphosate to remove adult plants, then native grass
seed additions to overcome dispersal barriers; particularly of those species competitively excluded by
crested wheatgrass (Henderson, 2005).

Johnson et al. (2016) found that glyphosate application was effective at reducing crested wheatgrass
biomass and increasing native species biomass if applied prior to the emergence of desirable native
species, and repeated for at least two years. This treatment assisted in shifting plant community
composition by releasing native plants from crested wheatgrass competition, however it is important to
note that success of this type of treatment is dependent on the composition and seedbank of the
current community, and timing of application must be very precise.

A study by Hendrickson (2016) in South Dakota found that the most effective restoration strategy for
crested wheatgrass invaded grasslands was seeding followed by glyphosate application when comparing
burning, seeding, and herbicide interactions.

Crested Wheatgrass, Clipping, and Targeted Grazing
Persistent defoliation pressure to continually stress plants can effectively reduce vigour and has the
potential to reduce infestations. Clipping to simulate grazing for several years reduces crested
wheatgrass (Wilson & Partel, 2003). Wilson and Pértel (2003) applied a combination of clipping,
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herbicide (glyphosate) and clipping with herbicide as well as blue grama seeding, to a 50-year-old stand
of crested wheatgrass over a seven- year period. Clipping, to simulate grazing, for three years reduced
crested wheatgrass about the same extent as herbicide application for seven years. Clipping reduced
crested wheatgrass in plots without herbicide but had no effect in plots with herbicide. Previously
seeded blue grama grew best in plots with herbicide and was unaffected by clipping. Herbicide and
clipping had no effect on crested wheatgrass in the seed bank, even after seven years.

Wilson & Hansen (2006) found that clipped populations of crested wheatgrass were stable, while
glyphosate-treated populations declined over time, with water availability playing a less significant role
on population size than management strategies.

Early season skim grazing (May 15-June 1) of crested wheatgrass has been implemented as a
management tool at the Antelope Creek Habitat Development Area (ACHDA, near Brooks, Alberta) since
2009, to address infestations across approximately 400 acres of tame pasture, industrial roadways,
pipelines, and well pads (Baker & Rushton, 2020). A 2016 GPS collar analysis on the ranch found that
cattle selected for crested wheatgrass communities in the early grazing season (Antelope Creek
Technical Committee, 2018), and an independent study by Rushton (2018) observed that the skim
grazing treatment and an additional mowing treatment resulted in preferential selection of crested
wheatgrass in spring and early summer. The skim grazing targets crested wheatgrass communities and
may prevent crested wheatgrass setting seed, reducing wind-borne spread, plant re-growth and
reducing vigour. Data has not yet indicated that the grazing treatment has reduced crested wheatgrass
cover, however it has restricted expansion into native communities and crested wheatgrass
communities were found to have increased diversity indices.

Managing Smooth Brome

Smooth brome (Bromus inermis) is known to replace native species and establish permanent dominance
in grassland communities with associated negative impacts on plant community composition and
function. Although more strongly associated with more mesic fescue grasslands, smooth brome is still
found in the DMG at increasingly high frequencies in moister sites (wetter coulees and draws, riparian
areas adjacent to streams and wetlands) and in the transition areas to the Mixedgrass and Northern
Fescue Natural Subregions (Adams, 2023; Oakley, 2023; Otfinowski et al., 2007; Zapisocki et al., 2022).
Smooth brome was identified by Zapisocki et al. (2022) as a prominent invader of mesic grasslands such
as the MG due to its use in hay production and tame pasture mixes.

Available techniques to manage smooth brome include mowing, herbicide use, grazing, and fire, but
there are limited studies on the efficacy of these treatments. A study northeast of Sheridan Wyoming
found that grazing by horses and burning were more effective than paraquat herbicide application in
reducing smooth brome biomass, with results indicating that grazing had the highest control success
with the lowest negative impacts on native and seeded grasses (Stacy et al., 2005). In a study near
Saskatoon, Saskatchewan Slopek & Lamb (2017) found that glyphosate used as a control for smooth
brome reduced abundance of the target plant, with associated recovery of native species in the short-
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term, but in the long-term the removal of smooth brome resulted in empty niche space that was
ultimately exploited by other invasive species, specifically Kentucky bluegrass.

Annual Invasive Bromes

Invasive annual bromes, primarily downy brome (Bromus tectorum) and Japanese brome (Bromus
japonicus) are becoming increasingly dominant in localized areas in the grasslands of the Great Plains,
including southern Alberta, Saskatchewan, Montana, and North and South Dakota (Gerling, 2007;
Zouhar, 2003). Annual grasses are associated with areas that have been subject to disturbance, they are
highly adaptable and tend to thrive in whichever ecosystem type they are able to establish (Zouhar,
2003).

Herbicides for Annual Grass Control

The herbicide, Esplanade® 200 SC (a.i. Indaziflam), provides pre-emergence control of annual grass
seedlings through disruption and inhibition of root growth (Bayer Environmental Science, 2019). There
has been success in annual grass control using indaziflam in the western United States as illustrated in
Figure 8.
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Figure 8. Operational treatments of annual invasive grasses using Esplanade in the western United States.

Indaziflam is not currently registered for use in range and pasture systems in Canada, but is registered
for industrial uses. Field trials by the University of Alberta’s Range Research Institute to test for control
of annual grass species and effects on native species are underway at two locations in the DMG
comparing the effects of four application rates (0, 40, 80 or 160 g ai ha-1) applied in fall or spring, on
annual-brome invaded native grassland. Biomass responses were assessed over three years (2020-
2022), with significant reductions in annual grass biomass of up to 99% associated with fall herbicide
applications. High levels of suppression were noted in the final year of the study (2022), which also
identified zero brome density or biomass across several treatments, indicating indaziflam’s potential for
long-term annual grass control. Increases in perennial grass biomass were also associated with brome
control, contributing to increased ecosystem health and resilience. (Dombro, 2022)

Another study in southern Alberta used field trials at two sites, one east of Writing-on-Stone Provincial
Park and another east of Milk River, to test the efficacy of the herbicide Simplicity in suppressing or
eradicating Japanese brome on loamy native grassland sites. This trial also used fall and spring herbicide

_________________________________________________________________|
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applications, which were resprayed for two years following the initial treatment. Findings from this trial
also indicated higher efficacy from fall applications, which resulted in no Japanese brome plants
detected at the end of the third year of spraying, while one spring treatment demonstrated a
resurgence in Japanese brome cover to pre-treatment levels in year two. Negative impacts to non-target
native grasses and forbs were minimal, indicating that this herbicide has potential to support invasive
annual brome control in native grasslands (MULTISAR, 2017).

Targeted Grazing to Reduce Annual Grasses

Grazing has been shown to successfully assist with mitigation of downy and Japanese bromes primarily
by reducing seed stock via early spring grazing. To be effective high-density short-duration mob grazing
is recommended to reduce biomass, plant density, and suppress flowering and seed set, and should
occur for at least two to three consecutive years, preferably more.

Timing of grazing is very dependent on annual climatic variation and should occur early in the growing
season when downy brome is still green and palatable to prevent negative impacts to desirable native
plant species, and be repeated a second time later in the season to address regrowth and emergence of
any new seedlings. The logistics required to ensure the proper timing and duration of the grazing
treatment are difficult to facilitate due to the short window of opportunity when plants are palatable
and animals will select for them (Diamond et al., 2009, 2012; Michalsky et al., 2022; Mosley, 1996).

Grazing Management

Grazing Effects on Restoration Objectives

Livestock grazing can affect the success and recovery timelines of restoration activities through impacts
on both soil and vegetation properties (Fuhlendorf & Smeins, 1997; Milchunas & Lauenroth, 1993).
Effects of cattle grazing on reclamation has shown inconsistent results, with some studies indicating that
species richness and vegetation cover may increase with grazing, and others indicating no effect or
decreases (Fuhlendorf et al., 2002; Ostermann, 2001).

A comprehensive study by Fuhlendorf et al. (2002) reviewed the impacts of heavy and moderate grazing
regimes on restored and undisturbed grassland sites 30 and 50 years old in the southern Great Plains in
Oklahoma. They found that heavy grazing negatively impacted recovery by reducing organic matter and
soil nutrient accumulation due to reduced plant health and vigour, reduced litter accumulation and
increased bare ground.

Work by Soulodre et al. (2021) found that grazing across revegetation treatments using three different
seed mixes and natural recovery near Medicine Hat, Alberta, resulted in increased bare ground in
natural recovery treatments, and reduced cover of northern wheatgrass in seeded treatments,
indicating some form of selectivity.

Naeth (1985) found that late season grazing slowed recovery to pre-disturbance conditions along a
pipeline, and while early season grazing reduced pioneer and introduced species, it increased bare soil.

Grassland Restoration Forum Page |60



This indicates that grazing management can be a driver in restoration success and should be considered
as part of the restoration process.

Adaptive Grazing Management

Adaptive grazing management responds to changing conditions and tries to benefit desired species and
communities (Steffans, 2013). Grazing management strongly influences the plant community changes.
Management of animal distribution in time and space allows defoliated plants to re-establish sufficient
photosynthetic capacity and prevents growing centers of degradation in preferred areas. Regular
deferment to allow adequate recovery from defoliation should be timed so that desired species can
maintain or increase their proportional representation in the plant community after these events
(Steffens et al., 2013).

Adaptive grazing managers choose to return livestock to a location based on plant development that
occurs when environmental conditions allow plants to meet critical physiological needs. They practice
deferment in the strict sense: “a delay of grazing to achieve a specific management objective. A strategy
aimed at providing time for plant reproduction, establishment of new plants, restoration of plant vigor,
a return to environmental conditions appropriate for grazing, or the accumulation of forage for later
use. The key is to identify these areas, ensuring that the same area is not negatively impacted every year
and that management responds to changing conditions and tries to benefit desired species and
communities most years. (Steffens et al., 2013)

Selective Grazing

Grazing influences both plant community succession and soil erosion. Selective grazing causes some
species to increase and others to decrease. Species which decline in quality during the grazing season,
such as western wheatgrass, crested wheatgrass, or Kentucky bluegrass, will result in preferential
grazing of other species and in an increase of those species (Gill Environmental Consulting, 1996).

Newly reclaimed industrial disturbances are often selected for by livestock and wildlife due to the
attractive nature of succulent new growth or the presence of highly palatable agronomic species such as
crested wheatgrass or smooth brome, or attractive annual cover crops. This can result in altered grazing
patterns and livestock congregation in reclamation areas, which may have negative impacts on recovery
via overuse of vegetation or compaction of soils via excessive trampling. (Neville, 2002; H. M. Sinton,
2001)

Cattle are curious animals and are attracted to anthropogenic features. A study by Koper et al. (2014)
near Brooks, Alberta, found that cattle presence was significantly higher near shallow gas wells,
indicating that these features may alter cattle distribution in extensively managed pastures much the
same way as water sources, salt/mineral, and supplemental feed (Holechek et al., 2011; Sanderson et
al., 2010). Implementing strategies to assist with improved distribution, such as placement of
salt/mineral, water, and/or rubbing posts away from restoration areas, can assist with reducing livestock
attraction.
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Managing Livestock in Industrial Disturbances
Managing livestock use of industrial disturbances and recently reclaimed areas is a key consideration in

balancing land use in working landscapes. These activities can alter grazing capacity and livestock

distribution, with potential impacts to recovery outcomes and the economics of the livestock operation.

Best management practices to successfully integrate grazing and reclamation and revegetation success

are outlined in Table 14.

Table 14. Best Management Practices to integrate grazing and reclamation/revegetation success.

Best Management Practice

Examples/Details

Involve the landowner or land manager
in the decision-making process

Early consultation is important. Grazing management plans
should be developed in partnership and use strategies to
enhance recovery and incorporate local knowledge.

Less damage will occur if grazing is initiated towards the end of
the growing season when the vegetation is going into
dormancy.

Good documentation on roles and responsibilities is key to
success.

Adequately compensate the rancher for
the loss of production

Ensure that compensation adequately reflects the time frame
for recovery.

Determine range health

The impact is substantially greater in an overgrazed pasture
than one in good-to-excellent range condition.

Consider the width of disturbance

Impacts of grazing increase as the disturbance width increases.
Graded areas often require protection.

Consider revegetation procedures

Seeded, assisted natural recovery, natural recovery.

Consider the type of livestock

Horses and sheep cause more damage to newly recovering
plants than cattle.

Consider field size and stocking rate

Small pastures are most prone to impact as the ROW affects
more of the productive capacity of the field. Impacts are
smaller in large pastures with low stocking rates. Try to
negotiate deferred grazing, offer to buy feed, or rent pasture to
replace forage production losses.

Negotiate proper grazing management
for the area

In areas of low rainfall, high intensity short duration grazing is
appropriate on a site specific basis. The duration of impact is
thereby reduced allowing vegetation to recover.

Seed native species that are compatible
with the surrounding native vegetation

Use existing tools to determine appropriate native seed mixes.

Chose less attractive cover crops

Selecting for cover crops that are less attractive to livestock
and wildlife will reduce selection of reclamation areas.

Ask the landowner or land manager to
place salt and mineral supplements well
away from the reclaimed area

Grassland Restoration Forum

Placing salt/mineral supplements away from reclamation areas
will draw livestock away from them.
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Best Management Practice

Examples/Details

Consider temporary fencing

Erect temporary fencing if the disturbance is located close to
traditional watering or livestock handling sites and there is a
high likelihood of livestock pressure.

Consider temporary electric fencing in
situations where cattle herds are rotated
to different pastures along the ROW

This method has been very successful on a number of pipeline
projects.

Install temporary fencing (or permanent
fencing with cattle crossovers) in over-
grazed pastures or erosion prone sites

If fields score as unhealthy or healthy with problems fencing
should be used to protect re-establishing vegetation.

Fencing must be carefully planned with the landowner or land
manager. Traditional access to watering sites must not be
blocked and fences must be carefully constructed so that calves
cannot be trapped. Breaks in fencing should be located in low-
lying areas where vegetation is more resilient to trampling

Consider using a wildlife browsing
repellent where native shrub transplants
are installed

“Skoot” is a water-based non-toxic, bitter tasting substance
that has been successfully used in the Pincher Creek area (Deb
Everts, pers comm). The repellent is sprayed on shrubs in
spring and fall.

From Neville (2002).

Novel approaches to deflecting livestock from small reclamation sites have been used with success,

these include the use of deterrent panels, using geogrid laid horizontally to protect small reclamation

areas by acting similar to a cattle guard and discouraging livestock use (Figure 9).
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Figure 9. Livestock deterrent panels used to protect a reclaimed wellbore. Photo courtesy of Joel Conrad, Salix
Resource Management Ltd.

Feedback on operational use of deterrent panels indicates that to be effective they should be raised and
not laid flat on the ground, as cattle have been found to cross these panels when they are in contact
with the ground.

Wildlife Fencing Considerations

Although fencing provides opportunity to support grassland restoration efforts by enhancing livestock
management by providing a tool to better manage grazing pressure spatially and temporally, it can have
negative impacts on wildlife by presenting hazards and barriers. Fences can impact daily or seasonal
movements and may act as barriers to forage and water resources, and in some cases wildlife collisions
can result in injury or mortality. (Paige, 2020)

Wildlife have also shown avoidance of areas that have high densities of fences. Pronghorn for example
prefer ranges with lower densities of fencing infrastructure, selecting them over areas with high
densities of fencing. (Jones, Jakes, et al., 2019; Sheldon, 2005)

Wildlife friendly fencing options exist and are outlined in detail in the Alberta Landholder’s Guide to
Wildlife Friendly Fencing (Paige, 2020). These are generally constructed to prevent wildlife injury and
reduce impacts on wildlife migration.

— |
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A FRIENDLIER FENCE FOR WILDLIFE

The friendliest fences are very visible and allow wild animals
o easily jump owver or slip under the wires or rails.
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Figure 10. Example of wildlife friendly fencing, from (Paige, 2020).

Wildlife friendly fencing has higher costs than conventional four strand barbed wire fencing, however it
can have positive impacts on prairie wildlife and species at risk survivorship by reducing some of the
hazards posed by conventional fencing.

Another key consideration regarding the use of fencing in is that that fencing requests may not be
approved in sensitive areas on public lands that have restrictions regarding construction of fences, such
as within the Sage Grouse Emergency Protection Order area?.

Climate Change

To add to the complexity of achieving restoration success, there is the large-scale unknown of global
climate change effects and the impacts it may have on restoration projects through alterations in
temperature, timing and variability of seasonal moisture, nutrients, and atmospheric CO, and methane.
Unknown novel conditions due to climate change impacts are likely to impact restoration strategies and
success. (Wilsey, 2021)

Wilsey (2021) has identified three key emerging issues grassland restoration will contend with in the
face of global climate change.

First, the reference for restoration projects targets plant communities and plant species that have been
dominant since before the Industrial Revolution, effectively basing restoration targets on past conditions
that no longer exist, as our present and current conditions are a large departure from previous
conditions (Figure 11).

2 Emergency Order for the Protection of the Greater Sage-Grouse (SOR/2013-202): https://laws-
lois.justice.gc.ca/eng/regulations/SOR-2013-202/page-1.html|
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Figure 11. Contrasting pre-industrial revolution conditions to present and future conditions. From Wilsey (2021).

Biotic introductions (altered grazing regimes and invasive species) concurrent with climate change
impacts have altered seedbanks and pressures on emergent propagules. The use of high-diversity seed
mixes can help mitigate this issue by increasing the probability of plant species that can thrive under
altered climatic regimes.

Second, there is a need for research on persistence of restoration efforts over time on decade to
century scales, to determine the stability and therefore success of these efforts in the face of changing
climatic conditions.

Third, a recognition of the importance of priority effects. Establishment of target species (generally late
successional native species) can often be facilitated by first establishing beneficial and/or early seral
species. This approach has been shown to suppress nontarget (invasive) species establishment, but
priority effects are generally weaker in areas where nutrient and moisture availability is low, such as the
DMG and MG (Delory et al., 2019; Goodale & Wilsey, 2018).

A critical barrier to restoration work is the limited supply of native seed and plant materials (Powter et
al., 2017). This is a widely acknowledged barrier both regionally and provincially, and has also been
identified as a point of major concern internationally as native ecosystems become increasingly
fragmented and converted, the frequency and magnitude of climatic disasters increases, and ecosystem
services begin to suffer, exposing societal vulnerabilities (National Academies of Sciences, 2023).
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Climate Change Effects on Seeding Success

Research has indicated that higher soil temperatures negatively impact seeding success, indicating that
there will be reduced seeding success as temperatures warm due to climate change effects (James et al.,
2019).

Research Gaps

To better inform reclamation and restoration in the DMG and MG several research and knowledge gaps
should be addressed. These include:

e Research to support seed zones and seed transfer guidelines for grassland species
o Consideration of potentially shifting zones as climate change impacts become more
pronounced

e Further research on road removal and restoration techniques to better support restoration
success on road footprints

e Efficacy of various amendments across a variety of soil and range sites

e Construction access mat timing and duration considerations across different range sites

e Impact of longer-term construction traffic impacts, the effects of different sizes and forms
(wheeled vs. tracked) of vehicles, and varied traffic frequencies, both with and without
construction matting to refine understanding of traffic impacts on soil and vegetation

e Additional research on the use of cover crops for assisted natural recovery

e Renewable energy impact mitigation and restoration

e Genetic diversity thresholds of plant materials used in restoration to maintain genetic diversity
and resilience in restoration projects

e The value of incorporating early successional species into seed mixes and restoration projects

e The potential of using ‘trait-based’ approaches to restoration, where the selection of restoration
species is linked to the traits and habitat niches utilized by invasive species of concern in
Alberta’s grasslands

e Studies to evaluate the efficacy of erosion mitigation measures implemented on steep approach
slopes to water courses are lacking and a knowledge gap that should be addressed

e Research into the role AMF plays in grassland restoration

o Effects of solar farms on native grasslands

e Persistence of restoration efforts over time on decade to century scales, to determine the
stability and therefore success of restoration efforts in the face of changing climatic conditions.

Summary

As industrial activity and disturbances increase in scope and scale there is a need for data to drive sound
decisions and balance these activities with grassland conservation and restoration objectives. Using
existing tools to support strategic siting is beneficial for conservation purposes, and reduces the cost and
timeline associated with achieving reclamation requirements. Setting realistic recovery targets and
timeframes should be informed by what is possible based on initial and surrounding health of the
disturbance area, and the level of disturbance that has occurred.
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There are considerable knowledge gaps that exist, and further knowledge not yet realized and defined is
likely to better support future restoration and improve mitigation strategies as industrial pressures
increase across these threatened landscapes.

Grassland Restoration Forum Page |68



References

Adams, B. W., Richman, J., Poulin-Klein, L., France, K., Moisey, D., & McNeil, R. (2013a). Rangeland plant
communities for the Dry Mixedgrass natural subregion of Alberta. Second Approximation.
http://srd.alberta.ca/LandsForests/GrazingRangeManagement/RangePlantCommunityGuidesStock
ingRates.aspx

Adams, B. W., Richman, J., Poulin-Klein, L., France, K., Moisey, D., & McNeil, R. L. (2013b). Rangeland
plant communities for the mixedgrass natural subregion of Alberta. Second approximation.
http://srd.alberta.ca/LandsForests/GrazingRangeManagement/RangePlantCommunityGuidesStock
ingRates.aspx

Adams, R. (2023). Pers. Comm. Area Range Management Specialist - Lethbridge. Range Conservation
and Stewardship Section, Alberta Environment and Protected Areas.

AEP. (2018). Conservation and Reclamation Directive for Renewable Energy Operations.
http://aep.alberta.ca

AEP. (2020). Alberta Public Lands Glossary of Terms. https://www.alberta.ca/public-lands-
dispositions.aspx

Alberta Agriculture and Forestry. (2016). Alberta Forest Genetic Resource Management and
Conservation Standards. Volume 1: Stream 1 and Stream 2.

Alberta Biodiversity Monitoring Institute. (2017). Ecological recovery monitoring of Dry Mixedgrass
wellsites — results of vegetation and soil indicator analyses, Version 2017-03-02.
https://www.cclmportal.ca/resource/ecological-recovery-monitoring-dry-mixedgrass-wellsites-
results-vegetation-and-soil-0

Alberta Environment. (2003). Problem Introduced Forages on Prairie & Parkland Reclamation Sites.
Guidance for Non-Cultivated Land.

Alberta Environment. (2010). Reclamation criteria for wellsites and associated facilities in native
grasslands.

Alberta Environment and Parks. (2016). Principles for Minimizing Surface Disturbances in Native
Grassland - Principles, Guidelines, and Tools for all Industrial Activity in Native Grassland in the
Prairie and Parkland Landscapes of Alberta. http://aep.alberta.ca

Alberta Environment and Parks. (2018). Conservation Assessments in Native Grasslands Strategic Siting
and Pre-Disturbance Site Assessment Methodology for Industrial Activities in Native Grasslands.
http://aep.alberta.ca

Alberta Soils Advisory Committee. (2004). Soil quality criteria relative to disturbance and reclamation.
Alberta Agriculture.

Grassland Restoration Forum Page |69



Alberta Transportation. (2011). Alberta Transportation Erosion and Sediment Control Manual.

Althoff, D. P., Althoff, P. S., Lambrecht, N. D., Gipson, P. S., Pontius, J. S., & Woodford, P. B. (2007). Soil
properties and perceived disturbance of grasslands subjected to mechanized military training:
evaluation of an index. Land Degradation & Development, 18(3), 269-288.
https://doi.org/10.1002/LDR.773

Althoff, P. S., Kirkham, M. B, Todd, T. C., Thien, S. J., & Gipson, P. S. (2009). Influence of Abrams M1A1
Main Battle Tank Disturbance on Tallgrass Prairie Plant Community Structure. Rangeland Ecology &
Management, 62(5), 480-490. https://doi.org/10.2111/REM-D-09-00022.1

Althoff, P. S., & Thien, S. J. (2005). Impact of M1A1 main battle tank disturbance on soil quality,
invertebrates, and vegetation characteristics. Journal of Terramechanics, 42(3—4), 159-176.
https://doi.org/10.1016/J.JTERRA.2004.10.014

Althoff, P. S., Thien, S. J., & Todd, T. C. (2010). Primary and Residual Effects of Abrams Tank Traffic on
Prairie Soil Properties. Soil Science Society of America Journal, 74(6), 2151-2161.
https://doi.org/10.2136/SSSAJ2009.0091

An, H., Zhang, B., Thomas, B. W., Beck, R., Willms, W. D., Li, Y., & Hao, X. (2019). Short term recovery of
vegetation and soil after abandoning cultivated mixedgrass prairies in Alberta, Canada. Catena,
173, 321-329. https://doi.org/10.1016/J.CATENA.2018.10.017

Anderson, A. B., Ayers, P. D., Howard, H., & Newlin, K. D. (2007). Vehicle Impacts on Vegetation Cover at
Camp Atterbury, Indiana: Part 1. Initial Impacts and Vegetation Recovery. Proceedings of the
Indiana Academy of Science, 116(2), 126-138.
https://journals.iupui.edu/index.php/ias/article/view/8745

Anderson, D. W., & Coleman, D. C. (1985). The dynamics of organic matter in grassland soils. Journal of
Soil and Water Conservation, 40(2), 211-216. https://www.jswconline.org/content/40/2/211

Angold, P. G. (1997). The Impact of a Road Upon Adjacent Heathland Vegetation: Effects on Plant
Species Composition. The Journal of Applied Ecology, 34(2), 417. https://doi.org/10.2307/2404886

Anguita, M., Pulido, M., Schnabel, S., Lavado-Contador, F., Ortega, R., Soriano, M., & Miralles, I. (2017).
Influence of livestock density on the amount and structure of soil microbial communities in
rangelands of SW Spain. Geophysical Research Abstracts, 19, 1.

Antelope Creek Technical Committee. (2018). Antelope Creek Habitat Development Area 2016 GPS Collar
Analysis.

Armstrong, A., Ostle, N. J., & Whitaker, J. (2016). Solar park microclimate and vegetation management
effects on grassland carbon cycling. Environmental Research Letters, 11(7).
https://doi.org/10.1088/1748-9326/11/7/074016

Grassland Restoration Forum Page |70



Avery, E., Krzic, M., Wallace, B. M., Newman, R. F., Bradfield, G. E., & Smukler, S. M. (2019). Plant
Species Composition and Forage Production 14 Yr After Biosolids Application and Grazing
Exclusion. Rangeland Ecology & Management, 72(6), 996—1004.
https://doi.org/10.1016/J.RAMA.2019.07.003

Ayers, P. D. (1994). Environmental damage from tracked vehicle operation. Journal of Terramechanics,
31(3), 173-183. https://doi.org/10.1016/0022-4898(94)90014-0

Baer, S. G., Gibson, D. J., Gustafson, D. J., Benscoter, A. M., Reed, L. K., Campbell, R. E., Klopf, R. P.,
Willand, J. E., & Wodika, B. R. (2014). No effect of seed source on multiple aspects of ecosystem
functioning during ecological restoration: cultivars compared to local ecotypes of dominant
grasses. Evolutionary Applications, 7(2), 323—-335. https://doi.org/10.1111/EVA.12124

Baer, S. G., Kitchen, D. J., Blair, J. M., & Rice, C. W. (2002). Changes in Ecosystem Structure and Function
along a Chronosequence of Restored Grasslands. Ecological Applications, 12(6), 1701.
https://doi.org/10.2307/3099932

Bahm, M. A,, Barnes, T. G., & Jensen, K. C. (2011). Herbicide and Fire Effects on Smooth Brome (Bromus
inermis) and Kentucky Bluegrass (Poa pratensis) in Invaded Prairie Remnants. Invasive Plant
Science and Management, 4(2), 189—197. https://doi.org/10.1614/IPSM-D-10-00046.1

Baker, H., & Rushton, K. (2020). Range Management Review for Antelope Creek Habitat Development
Area.

Bakker, J. D., Wilson, S. D., Christian, J. M., Li, X., Ambrose, L. G., & Waddington, J. (2003). Contingency
of Grassland Restoration on Year, Site, and Competition from Introduced Grasses. Ecological
Applications, 13(1), 137-153.
https://www.academia.edu/27199974/Contingency_of Grassland_Restoration_on_Year_Site_and
_Competition_from_Introduced_Grasses

Balogh-Brunstad, Z., Keller, C. K., Gill, R. A., Bormann, B. T, & Li, C. Y. (2008). The Effect of Bacteria and
Fungi on Chemical Weathering and Chemical Denudation Fluxes in Pine Growth Experiments. In
Biogeochemistry (Vol. 88, pp. 153-167). Springer. https://doi.org/10.2307/40343569

Barber, N. A,, Chantos-Davidson, K. M., Amel Peralta, R., Sherwood, J. P., & Swingley, W. D. (2017). Soil
microbial community composition in tallgrass prairie restorations converge with remnants across a
27-year chronosequence. Environmental Microbiology, 19(8), 3118-3131.
https://doi.org/10.1111/1462-2920.13785

Barr, S., Jonas, J. L., & Paschke, M. W. (2017). Optimizing seed mixture diversity and seeding rates for
grassland restoration. Restoration Ecology, 25(3), 396—404. https://doi.org/10.1111/REC.12445

Bayer Environmental Science. (2019). Stewardship Guide, Restoration of Desirable Vegetation in Invasive
Winter Annual Grass Dominated Sites.

Grassland Restoration Forum Page |71



Bayer, P., Rybach, L., Blum, P., & Brauchler, R. (2013). Review on life cycle environmental effects of
geothermal power generation. Renewable and Sustainable Energy Reviews, 26, 446—463.
https://doi.org/10.1016/J.RSER.2013.05.039

Belnap, J., Kaltenecker, J. H., Rosentreter, R., Williams, J., Leonard, S., & Eldridge, D. (2001). Biological
Soil Crusts: Ecology and Management.

Belnap, J., & Lange, O. I. (2001). Biological Soil Crusts: Structure, Function, and Management. Springer-
Verlag. https://doi.org/10.1007/978-3-642-56475-8

Belnap, J., Weber, B., & Biidel, B. (2016). Biological soil crusts as an organizing principle in drylands. In
Ecological Studies (pp. 3—13). https://doi.org/10.1007/978-3-319-30214-0_1

Bernstein, L. (1975). Effects of Salinity and Sodicity on Plant Growth. Annual Review of Phytopathology,
13(1), 295-312. https://doi.org/10.1146/ANNUREV.PY.13.090175.001455

Bever, J. D., Westover, K. M., & Antonovics, J. (1997). Incorporating the Soil Community into Plant
Population Dynamics: The Utility of the Feedback Approach. The Journal of Ecology, 85(5), 573.
https://doi.org/10.2307/2960528

Biederman, L. A,, Phelps, J., Ross, B. J., Polzin, M., & Harpole, W. S. (2017). Biochar and manure alter few
aspects of prairie development: A field test. Agriculture, Ecosystems & Environment, 236, 78—-87.
https://doi.org/10.1016/J.AGEE.2016.11.016

Biondini, M. E., Norland, J. E., & Grygiel, C. E. (2011). Plant Richness-Biomass Relationships in Restored
Northern Great Plains Grasslands (USA). International Journal of Ecology, 2011, 1-13.
https://doi.org/10.1155/2011/856869

Block, P. R., Gasch, C. K., & Limb, R. F. (2020). Biological integrity of mixed-grass prairie topsoils
subjected to long-term stockpiling. Applied Soil Ecology, 145.
https://doi.org/10.1016/j.aps0il.2019.08.009

Bond, W. J. (2021). Out of the shadows: ecology of open ecosystems. Plant Ecology and Diversity, 14(5—
6), 205-222. https://doi.org/10.1080/17550874.2022.2034065

Bony, L. (2020). Salt affected soils and their relationships with plant communities on reclamation well
sites. University of Alberta.

Bradley, C., & Neville, M. (2010). Minimizing Surface Disturbance of Alberta’s Native Prairie Background
to Development of Guidelines for the Wind Energy Industry.
https://www.albertapcf.org/rsu_docs/wind-energy-background-final-december-2010.pdf

Brady, N. C., & Weil, R. R. (2017). The Nature and Properties of Soils (D. Fox, Ed.; 15th edition). Pearson
Education Inc.

Grassland Restoration Forum Page |72



Braunack, M. v. (1986). The residual effects of tracked vehicles on soil surface properties. Journal of
Terramechanics, 23(1), 37-50. https://doi.org/10.1016/0022-4898(86)90030-3

Bucharova, A., Michalski, S., Hermann, J. M., Heveling, K., Durka, W., Holzel, N., Kollmann, J., & Bossdorf,
0. (2017). Genetic differentiation and regional adaptation among seed origins used for grassland
restoration: lessons from a multispecies transplant experiment. Journal of Applied Ecology, 54(1),
127-136. https://doi.org/10.1111/1365-2664.12645

Buisson, E., Archibald, S., Fidelis, A., & Suding, K. N. (2022). Ancient grasslands guide ambitious goals in
grassland restoration. Science, 377, 594-598. https://www.science.org

Call, C. A., & Roundy, B. A. (1991). Perspectives and processes in revegetation of arid and semiarid
rangelands. Journal of Range Management, 44(6), 543-549. https://doi.org/10.2307/4003034

Campbell, C. W., & Bawtree, A. H. (1998). Rangeland Handbook for B.C. British Columbia Cattlemen’s
Association.

Cao, L., Zhang, K., Dai, H., & Liang, Y. (2015). Modeling Interrill Erosion on Unpaved Roads in the Loess
Plateau of China. Land Degradation & Development, 26(8), 825—-832.
https://doi.org/10.1002/LDR.2253

Carter, D. L., & Blair, J. M. (2012). High richness and dense seeding enhance grassland restoration
establishment but have little effect on drought response. Ecological Applications, 22(4), 1308—
1319. https://doi.org/10.1890/11-1970.1

Carter, M. R., Gregorich, E. G., Anderson, D. W., Doran, J. W., Janzen, H. H., & Pierce, F. J. (1997).
Concepts of soil quality and their significance. In E. G. Gregorich & M. R. Carter (Eds.), Soil quality
for crop production and ecosystem health (pp. 1-19). Elsevier.

Casida, L. E. (1977). Microbial metabolic activity in soil as measured by dehydrogenase determinations.
Applied and Environmental Microbiology, 34(6), 630-636. https://doi.org/10.1128/AEM.34.6.630-
636.1977

Chambers, J. C., Macmahon, J. A., & Brown, R. W. (1990). Alpine seedling establishment: the influence of
disturbance type. Ecology, 71(4), 1323—1341. https://doi.org/10.2307/1938270

Chazdon, R. L., Falk, D. A., Banin, L. F., Wagner, M., J. Wilson, S., Grabowski, R. C., & Suding, K. N. (2021).
The intervention continuum in restoration ecology: rethinking the active—passive dichotomy.
Restoration Ecology, e13535. https://doi.org/10.1111/REC.13535

Coates, P. S., Brussee, B. E., Ricca, M. A., Dudko, J. E., Prochazka, B. G., Espinosa, S. P., Casazza, M. L., &
Delehanty, D. J. (2017). Greater sage-grouse (Centrocercus urophasianus) nesting and brood-
rearing microhabitat in Nevada and California—Spatial variation in selection and survival patterns.
In Open-File Report. https://doi.org/10.3133/0OFR20171087

Grassland Restoration Forum Page |73



Cohen-Fernandez, A. C., & Naeth, M. A. (2013). Erosion control blankets, organic amendments and site
variability influenced the initial plant community at a limestone quarry in the Canadian Rocky
Mountains. Biogeosciences, 10(7), 5243-5253. https://doi.org/10.5194/BG-10-5243-2013

Connelly, J. W., Knick, S. T., Schroeder, M. A., & Stiver, S. J. (2004). Conservation Assessment of Greater
Sage-grouse and Sagebrush Habitats. https://digitalcommons.usu.edu/govdocs

Dai, M., Bainard, L. D., Hamel, C., Gan, Y., & Lynch, D. (2013). Impact of land use on arbuscular
mycorrhizal fungal communities in rural Canada. Applied and Environmental Microbiology, 79(21),
6719-6729. https://doi.org/10.1128/AEM.01333-13/SUPPL_FILE/ZAM999104833S0O1.PDF

Dale, B. C., Wiens, T. S., & Hamilton, L. E. (2008). Abundance of three grassland songbirds in an area of
natural gas infill drilling in Alberta, Canada. In T. Rich, C. Arizmendi, D. Demarest, & C. Thompson
(Eds.), Proceedings of the Fourth International Partners in Flight Conference: Tundra to Tropics (pp.
194-204). Partners in Flight. https://www.researchgate.net/publication/228482647

de Jong, E., & Button, R. C. (1973). Effects of pipeline installation on soil properties and productivity.
Canadian Journal of Plant Science, 53, 37—-47.

Delory, B. M., Weidlich, E. W. A, Kunz, M., Neitzel, J., & Temperton, V. M. (2019). The exotic species
Senecio inaequidens pays the price for arriving late in temperate European grassland communities.
Oecologia, 191(3), 657-671. https://doi.org/10.1007/500442-019-04521-X/FIGURES/6

des Brisay, P. G. (2018). Effects of oil development on habitat quality and its perception by mixed-grass
prairie songbirds. University of Manitoba.

Desserud, P. A., & Hugenholtz, C. H. (2017). Restoring industrial disturbances with native hay in
mixedgrass prairie in Alberta. Ecological Restoration, 35(3), 228-236.
https://doi.org/10.3368/ER.35.3.228

Desserud, P. A., & Naeth, M. A. (2013). Natural Recovery of Rough Fescue (Festuca hallii (Vasey) Piper)
Grassland After Disturbance by Pipeline Construction in Central Alberta, Canada. Canada. Nat. Area
J., 33(1), 91-98. https://doi.org/10.3375/043.033.0111

Desserud, P. A., & Naeth, M. A. (2014). Predicting Grassland Recovery with a State and Transition Model
in a Natural Area, Central Alberta, Canada. Natural Areas Journal, 34(4), 429-442.
https://doi.org/10.3375/043.034.0405

Dhar, A., Naeth, A., Jennings, D., & Gamal EI-Din, M. (2020a). Biophysical Impacts and Reclamation
Considerations For Solar, Wind and Geothermal Energy Systems. CLRA Alberta Chapter 2020 AGM
& Conference Proceedings.

Grassland Restoration Forum Page |74



Dhar, A., Naeth, M. A., Jennings, P. D., & Gamal EI-Din, M. (2020b). Geothermal energy resources:
Potential environmental impact and land reclamation. Environmental Reviews, 28(4), 415-427.
https://doi.org/10.1139/ER-2019-0069

Dhar, A., Naeth, M. A., Jennings, P. D., & Gamal EI-Din, M. (2020c). Perspectives on environmental
impacts and a land reclamation strategy for solar and wind energy systems. The Science of the
Total Environment, 718. https://doi.org/10.1016/J.SCITOTENV.2019.134602

Diamond, J. M., Call, C. A., & Devoe, N. (2009). Effects of targeted cattle grazing on fire behavior of
cheatgrass-dominated rangeland in the northern Great Basin, USA. International Journal of
Wildland Fire, 18, 944-950. https://doi.org/10.1071/WF08075

Diamond, J. M., Call, C. A., & Devoe, N. (2012). Effects of Targeted Grazing and Prescribed Burning on
Community and Seed Dynamics of a Downy Brome (Bromus tectorum)—-Dominated Landscape.
Invasive Plant Science and Management, 5(2), 259-269. https://doi.org/10.1614/IPSM-D-10-
00065.1

Dickie, J. B., Gajjar, K. H., Birch, P., & Harris, J. A. (1988). The survival of viable seeds in stored topsoil
from opencast coal workings and its implications for site restoration. Biological Conservation,
43(4), 257-265. https://doi.org/10.1016/0006-3207(88)90119-X

Dickson, T. L., & Busby, W. H. (2009). Forb Species Establishment Increases with Decreased Grass
Seeding Density and with Increased Forb Seeding Density in a Northeast Kansas, U.S.A.,
Experimental Prairie Restoration. Restoration Ecology, 17(5), 597-605.
https://doi.org/10.1111/J).1526-100X.2008.00427.X

Dickson, T. L., Wilsey, B. J., Busby, R. R., & Gebhart, D. L. (2008). Grassland Plant Composition Alters
Vehicular Disturbance Effects in Kansas. Environmental Management, 41, 676—684.
https://doi.org/10.1007/s00267-007-9064-4

Dombro, A. (2022). Containment/Restoration of Annual-Bromegrass Invaded Northern Prairie Using the
Herbicide Indaziflam. Society for Range Management, Pacific Northwest Section, BC Chapter’s Fall
2022 Home on the Range Webinar Series. https://www.frames.gov/event/598614

Dormaar, J. F., & Willms, W. D. (2000). Rangeland management impacts on soil biological indicators in
southern Alberta. Journal of Range Management, 53(2), 233-238.
https://doi.org/10.2307/4003289

Downey, B. A., Blouin, F., Richman, J. D., Downey, B. L., & Jones, P. F. (2013). Restoring mixed grass
Prairie in Southeastern Alberta, Canada. Rangelands, 35(3), 16-20.
https://doi.org/10.2111/RANGELANDS-D-12-00082.1

Duquette, C., McGranahan, D. A., Wanchuk, M., Hovick, T., Limb, R., & Sedivec, K. (2022). Heterogeneity-
Based Management Restores Diversity and Alters Vegetation Structure without Decreasing Invasive

Grassland Restoration Forum Page |75



Grasses in Working Mixed-Grass Prairie. Land 2022, 11(8), 1135.
https://doi.org/10.3390/LAND11081135

Edwards, K. E. (2010). Comparison of four seeding methods to restore native grassland vegetation in
southeastern Alberta, Canada. Mount Royal University.

Ereth, C. B., Hendrickson, J. R,, Kirby, D., DeKeyser, E. S., Sedivec, K. K., & West, M. S. (2017). Controlling
Kentucky Bluegrass with Herbicide and Burning Is Influenced by Invasion Level. Invasive Plant
Science and Management, 10(1), 80—89. https://doi.org/10.1017/INP.2017.2

Espeland, E. K. (2014). Choosing a reclamation seed mix to maintain rangelands during energy
development in the Bakken. Rangelands, 36(1), 25-28. https://doi.org/10.2111/RANGELANDS-D-
13-00056.1

Espeland, E. K., Hendrickson, J., Toledo, D., West, N. M., & Rand, T. A. (2017). Soils Determine Early
Revegetation Establishment with and without Cover Crops in Northern Mixed Grass Prairie after
Energy Development. Ecological Restoration, 35(4), 311-319. https://doi.org/10.3368/ER.35.4.311

Espeland, E. K., & Perkins, L. B. (2013). Annual Cover Crops Do Not Inhibit Early Growth of Perennial
Grasses on a Disturbed Restoration Soil in the Northern Great Plains, USA. Ecological Restoration,
31(1), 69-78. https://sci-hub.se/10.3368/er.31.1.69

Espeland, E. K., & Perkins, L. B. (2017). Weed Establishment and Persistence after Water Pipeline
Installation and Reclamation in the Mixed Grass Prairie of Western North Dakota.
https://openprairie.sdstate.edu/nrm_pubs/232

Espeland, E., & Richardson, L. (2015). The role of competition and seed production environment on the
success of two perennial grass species in a roadside restoration. Ecological Restoration, 33(3), 282—
288. https://doi.org/10.3368/ER.33.3.282

Evans, C. W. (2011). A Comparison of the Effects of 20 and 30 Years of Grazing on Grassland Soil
Properties in Southern British Columbia. University of British Columbia.

Evans, R. D., Gill, R. A,, Eviner, V. T., & Bailey, V. (2017). Soil and Belowground Processes. In D. D. Briske
(Ed.), Rangeland Systems, Springer Series on Environmental Management (pp. 131-168).
https://doi.org/10.1007/978-3-319-46709-2_4

Forman, R. T. T., & Alexander, L. E. (1998). Roads and their major ecological effects. Annual Review of
Ecology and Systematics, 29, 207-231. https://doi.org/10.1146/ANNUREV.ECOLSYS.29.1.207

Fowler, N. L. (1986). Microsite requirements for germination and establishment of three grass species.
American Midland Naturalist, 115(1), 131-145. https://doi.org/10.2307/2425843

Grassland Restoration Forum Page |76



Fowler, W. M. (2012). Soil seed bank dynamics in transferred topsoil: Evaluating restoration potentials.
Murdoch University.

Fuhlendorf, S. D., & Smeins, F. E. (1997). Long-term vegetation dynamics mediated by herbivores,
weather and fire in a Juniperus-Quercus savanna. Journal of Vegetation Science, 8(6), 819—-828.
https://doi.org/10.2307/3237026

Fuhlendorf, S. D., Zhang, H., Tunnell, T. R., Engle, D. M., & Cross, A. F. (2002). Effects of grazing on
restoration of southern mixed prairie soils. Restoration Ecology, 10(2), 401-407.
https://doi.org/10.1046/).1526-100X.2002.00013.X

Funk, J. L., Cleland, E. E., Suding, K. N., & Zavaleta, E. S. (2008). Restoration through reassembly: plant
traits and invasion resistance. Trends in Ecology & Evolution, 23(12), 695—703.
https://doi.org/10.1016/).TREE.2008.07.013

Gabruch, L. K., Wark, D. B., Penner, C. G., & Giles, J. (2011). Rebuilding Your Land with Native Grasses: A
Producers Guide. www.nativeplantsolutions.com

Gardiner, L., Sliwinski, M., Fischer, S., Watkinson, A., Wilkinson, S., Pruss, S., Naeth, A., & Liccioli, S.
(2019). A Stitch in Time Saves Nine: Using Habitat Enhancement as a Tool to Help Prevent
Extirpation of Greater Sage-grouse from Grasslands National Park. In D. Danyluk (Ed.), Proceedings
of the 12th Prairie Conservation and Endangered Species Conference (p. 153). Critical Wildlife
Habitat Program. www.pcesc.ca

Gartrell, C. A., Newman, J. K., & Anderton, G. L. (2009). Performance Measurements of Pavement
Matting Systems by Full-Scale Testing over Differing Soil Strengths. Journal of Materials in Civil
Engineering, 21(10), 561-568. https://doi.org/10.1061/(ASCE)0899-1561(2009)21:10(561)

Geaumont, B. A., Norland, J., & Stackhouse, J. W. (2019). The influence of species richness and forb seed
density on grassland restoration in the Badlands of North Dakota, USA. Ecological Restoration,
37(2), 123-130. https://doi.org/10.3368/ER.37.2.123

Gelbard, J. L., & Belnap, J. (2003). Roads as conduits for exotic plant invasions in a semiarid landscape.
Conservation Biology, 17(2), 420—432. https://doi.org/10.1046/).1523-1739.2003.01408.X

Gerling, H. (2007). Control Options for Downy Brome on Prairie Reclamation Sites.

Germino, M. J., Moser, A. M., & Sands, A. R. (2019). Adaptive variation, including local adaptation,
requires decades to become evident in common gardens. Ecological Applications, 29(2), e01842.
https://doi.org/10.1002/EAP.1842

Gill Environmental Consulting. (1996). Recommendations for changes to Alberta’s Wellsite Reclamation
Criteria for vegetation on Dry Mixed Grass prairie.

Grassland Restoration Forum Page |77



Golos, P. J., Dixon, K. W., & Erickson, T. E. (2016). Plant recruitment from the soil seed bank depends on
topsoil stockpile age, height, and storage history in an arid environment. Restoration Ecology, 24,
$53-5S61. https://doi.org/10.1111/REC.12389

Goodale, K. M., & Wilsey, B. J. (2018). Priority effects are affected by precipitation variability and are
stronger in exotic than native grassland species. Plant Ecology, 219(4), 429-439.
https://doi.org/10.1007/511258-018-0806-6/FIGURES/3

Grantham, W. P., Redente, E. F., Bagley, C. F., & Paschke, M. W. (2001). Tracked vehicle impacts to
vegetation structure and soil erodibility. Journal of Range Management, 54(6), 711-716.
https://doi.org/10.2307/4003676

Gustafson, D. J., Gibson, D. J., & Nickrent, D. L. (2005). Using local seeds in prairie restoration - data
support the paradigm. Native Plants Journal, 6(1), 25-28. https://doi.org/10.1353/NPJ.2005.0022

Hahn, A. S. (2012). Soil Microbial Communities in Early Ecosystems [University of Albertal.
https://doi.org/10.7939/R3008W

Halvorson, J. J., Hendrickson, J. R., & Toledo, D. (2022). Patterns of Seedling Emergence from North
Dakota Grazing Lands Invaded by Kentucky Bluegrass. Rangeland Ecology & Management, 84(1),
126-133. https://doi.org/10.1016/J.RAMA.2022.07.003

Hammermeister, A. M., Naeth, M. A., Schoenau, J. J., & Biederbeck, V. O. (2003). Soil and plant response
to wellsite rehabilitation on native prairie in southeastern Alberta, Canada. Canadian Journal of Soil
Science, 83(5), 507-519. https://doi.org/10.4141/503-030

Hardegree, S. P., Abatzoglou, J. T., Brunson, M. W., Germino, M. J., Hegewisch, K. C., Moffet, C. A.,
Pilliod, D. S., Roundy, B. A,, Boehm, A. R., & Meredith, G. R. (2018). Weather-Centric Rangeland
Revegetation Planning. Rangeland Ecology & Management, 71(1), 1-11.
https://doi.org/10.1016/J.RAMA.2017.07.003

Heijden, M. G. A. Van Der, Bardgett, R. D., & Straalen, N. M. Van. (2008). The unseen majority: soil
microbes as drivers of plant diversity and productivity in terrestrial ecosystems. Ecology Letters,
11(3), 296-310. https://doi.org/10.1111/J.1461-0248.2007.01139.X@10.1111/(I1SSN)1461-
0248.YEAR-OF-BIODIVERSITY

Helzer, C. (2012, November). Reassessing Impacts of Kentucky Bluegrass on Prairie Plant Communities.
https://theprairieecologist.files.wordpress.com/2012/11/2012bluegrassquestions_final.pdf

Henderson, D. C. (2005). Ecology and management of crested wheatgrass invasion (Ph.D. Dissertation)
[University of Alberta]. https://doi.org/10.7939/R3-WQ4Q-0B92

Grassland Restoration Forum Page |78



Henderson, D. C., & Naeth, M. A. (2005). Multi-scale impacts of crested wheatgrass invasion in mixed-
grass prairie. Biological Invasions, 7(4), 639—650. https://doi.org/10.1007/510530-004-6669-
X/METRICS

Hendrickson, J. R. (2016). Effectiveness of Burning and Glyphosate in Enhancing Seeding Establishment
in Agropryon cristatum. In A. Iwaasa, H. A. Lardner, M. Schellenberg, W. Willms, & K. Larson (Eds.),
The Future Management of Grazing and Wild Lands in a High-Tech World: Proceedings 10th
International Rangeland Congress (pp. 784—786). International Rangeland Congress.

Hernandez, R. R., Hoffacker, M. K., Murphy-Mariscal, M. L., Wu, G. C., & Allen, M. F. (2015). Solar energy
development impacts on land cover change and protected areas. Proceedings of the National
Academy of Sciences of the United States of America, 112(44), 13579-13584.
https://doi.org/10.1073/PNAS.1517656112/SUPPL_FILE/PNAS.1517656112.5T05.DOCX

Hickman, L. K., Desserud, P. A., Adams, B. W., & Gates, C. C. (2013). Effects of disturbance on silver
sagebrush communities in dry Mixed-Grass prairie. Ecological Restoration, 31(3), 274-282.
https://doi.org/10.3368/ER.31.3.274

Hivon, E. G., & Sego, D. C. (1995). Strength of frozen saline soils. Canadian Geotechnical Journal, 32(2),
336—354. https://doi.org/10.1139/T95-034

Holechek, J. L., Pieper, R. D., & Herbel, C. H. (2011). Range Management: Principles and Practices (6th
Edition). Pearson.

Houghton, D. M. (2017). The Effects of Carbon-Rich Soil Amendments on Native and Non-Native Prairie
Species. PhD dissertation [Purdue University]. In Theses and Dissertations Available from ProQuest.
https://docs.lib.purdue.edu/dissertations/AAI10600837

House, G. L., & Bever, J. D. (2020). Biochar soil amendments in prairie restorations do not interfere with
benefits from inoculation with native arbuscular mycorrhizal fungi. Restoration Ecology, 28(4),
785—795. https://doi.org/10.1111/REC.12924

James, J. 1., Sheley, R. L., Leger, E. A., Adler, P. B., Hardegree, S. P., Gornish, E. S., & Rinella, M. J. (2019).
Increased soil temperature and decreased precipitation during early life stages constrain grass
seedling recruitment in cold desert restoration. Journal of Applied Ecology, 56(12), 2609—2619.
https://doi.org/10.1111/1365-2664.13508

James, K. S., Thompson, K. A., Carlyle, C. N., Quideau, S. A., & Bork, E. W. (2022). Mixedgrass vegetation
is tolerant to a short-term but not season-long access mat use during mitigation of industrial
traffic. Land Degradation & Development. https://doi.org/10.1002/Idr.4483

Jangid, K., Williams, M. A., Franzluebbers, A. J., Blair, J. M., Coleman, D. C., & Whitman, W. B. (2009).
Development of soil microbial communities during tallgrass prairie restoration. Soil Biology and
Biochemistry, 42, 302—312. https://doi.org/10.1016/j.s0ilbio.2009.11.008

Grassland Restoration Forum Page |79



Johnson, J., Cash, S. D., Yeager, T., Roberts, F., & Sowell, B. (2016). Restoring Native Plant Species in
Crested Wheatgrass Rangelands Using Glyphosate and No-Till Reseeding. Environmental
Management and Sustainable Development, 5(2), 83. https://doi.org/10.5296/EMSD.V512.9844

Jones, P. F., Jakes, A. F., Telander, A. C., Sawyer, H., Martin, B. H., & Hebblewhite, M. (2019). Fences
reduce habitat for a partially migratory ungulate in the Northern Sagebrush Steppe. Ecosphere,
10(7). https://doi.org/10.1002/ecs2.2782

Kiehl, K., Krimer, A., Shaw, N., & Tischew, S. (2014). Guidelines for Native Seed Production and Grassland
Restoration. Cambridge Scholars Publishing.
https://books.google.ca/books?hl=en&Ir=&id=QswxBwAAQBAJ&oi=fnd&pg=PR5&dq=local+adapti
on+of+dry+mixedgrass+seed+restoration&ots=qssMWINLuC&sig=HIMUGK68gYgwlaiOgh6EIOC86YV
U#v=onepage&q&f=false

Kinucan, R. J., & Smeins, F. E. (1992). Soil Seed Bank of a Semiarid Texas Grassland Under Three Long-
Term (36- Years) Grazing Regimes. American Midland Naturalist, 128(1), 21.
https://doi.org/10.2307/2426408

Kobiela, B., Biondini, M., & Sedivec, K. (2016). Comparing root and shoot responses to nutrient additions
and mowing in a restored semi-arid grassland. Plant Ecology, 217(3), 303-314.
https://doi.org/10.1007/511258-016-0571-3

Koper, N., Molloy, K., Leston, L., & Yoo, J. (2014). Effects of Livestock Grazing and Well Construction on
Prairie Vegetation Structure Surrounding Shallow Natural Gas Wells. Environmental Management,
54(5), 1131-1138. https://doi.org/10.1007/500267-014-0344-5/METRICS

Kotze, E., Sandhage-Hofmann, A., Amelung, W., & Oomen, R. (2017). Soil microbial communities in
different rangeland management systems of a sandy savanna and clayey grassland ecosystem,
South Africa. Nutrient Cycling in Agroecosystems, 107, 227—-245. https://doi.org/10.1007/s10705-
017-9832-3

Koziol, L., & Bever, J. D. (2017). The missing link in grassland restoration: arbuscular mycorrhizal fungi
inoculation increases plant diversity and accelerates succession. Journal of Applied Ecology, 54(5),
1301-1309. https://doi.org/10.1111/1365-2664.12843

Lancaster, J. (2023). Pers. Comm.

Lancaster, J., & Baker, K. (2022). Defragmenting: A Diary of Reclaiming Abandoned Cultivation to Native
Cover. Grassland Restoration Forum AGM.

Lancaster, J., & Neville, M. (2010). Long Term Recovery of Native Prairie from Industrial Disturbance:
Express Pipeline Revegetation Monitoring Project.

Grassland Restoration Forum Page |80



Lancaster, J., Neville, M., & Hickman, L. (2012). Long-term Revegetation Success of Industry Reclamation
Techniques for Native Mixedgrass Prairie Cypress Uplands and Majorville Uplands Case Studies.

Lancaster, J., & Wilkinson, M. (2016). Construction Matting to Protect Native Grassland: Does it Work?
2016 Alberta Chapter Conference.

Lardy, J. M. (2022). An Examination of Land Preparation Methods to Alleviate Common Issues Associated
with Pipeline Reclamation. North Dakota State University of Agriculture and Applied Science.

Low, C. H. (2016). Impacts of a six year old pipeline right of way on Halimolobos virgata (Nutt.) O.E.
Schulz (slender mouse ear cress), native Dry Mixedgrass prairie uplands, and wetlands (M.Sc.)
[University of Alberta]. https://doi.org/10.7939/R39W0991V

Lupardus, R. C., Azeria, E. T., Santala, K., Aubin, I., & Mclntosh, A. C. S. (2020). Uncovering traits in
recovering grasslands: A functional assessment of oil and gas well pad reclamation. Ecological
Engineering, 143, 100016. https://doi.org/10.1016/J.ECOENA.2019.100016

Lupardus, R. C., Battigelli, J. P., Janz, A., & Lumley, L. M. (2021). Can soil invertebrates indicate soil
biological quality on well pads reclaimed back to cultivated lands? Soil and Tillage Research,
213(105082). https://doi.org/10.1016/J.STILL.2021.105082

Maas, E. v., & Grattan, S. R. (2015). Crop Yields as Affected by Salinity. Agricultural Drainage, 38, 55—-108.
https://doi.org/10.2134/AGRONMONOGR38.C3

Majerus, M. (2012). The Art & Science of Restoration. Native Prairie Restoration Workshop Saskatoon,
Saskatchewan.

Maron, J., & Marler, M. (2007). Native plant diversity resists invasion at both low and high resource
levels. Ecology, 88(10), 2651-2661. https://doi.org/10.1890/06-1993.1

Matthees, H. L., Hopkins, D. G., & Casey, F. X. M. (2018). Soil property distribution following oil well
access road removal in North Dakota, USA. Can. J. Soil Sci., 98, 369-380.
https://doi.org/10.1139/cjss-2017-0141

McDonald, T., Gann, G. D., Jonson, J., & Dixon, K. W. (2016). International standards for the practice of
ecological restoration — including principles and key concepts. www.SER.org

McManamen, C., Nelson, C. R., & Wagner, V. (2018). Timing of seeding after herbicide application
influences rates of germination and seedling biomass of native plants used for grassland
restoration. Restoration Ecology, 26(6), 1137—-1148. https://doi.org/10.1111/rec.12679

McWilliams, C. S., Dollhopf, D. J., Harvey, K. C., & Dale, D. J. (2007). Soil bulk density impacts of an oak
mat natural gas drill pad construction technique. In R. |. Barnhisel (Ed.), National Meeting of the
American Society of Mining and Reclamation, Gillette, WY, 30 Years of SMCRA and Beyond (pp.

Grassland Restoration Forum Page |81



439-448). ASMR, 3134 Montavesta Rd., Lexington, KY 40502.
https://doi.org/10.21000/JASMR07010439

Michalsky, S., Neville, M., & Miller, A. (2022). Targeted Grazing: Plant and Animal Interactions.
https://b31aed.p3cdnl.secureserver.net/wp-content/uploads/2022/09/Targeted-Grazing-Plant-
and-Animal-Interactions-2022.pdf

Milchunas, D. G., & Lauenroth, W. K. (1993). Quantitative effects of grazing on vegetation and soils over
a global range of environments. Ecological Monographs, 63(4), 327-366.
https://doi.org/10.2307/2937150

Milchunas, D. G., Vandever, M. W., Ball, L. O., & Hyberg, S. (2011). Allelopathic Cover Crop Prior to
Seeding Is More Important Than Subsequent Grazing/Mowing in Grassland Establishment.
Rangeland Ecology & Management, 64(3), 291-300. https://doi.org/10.2111/REM-D-10-00117.1

Mischkolz, J. M., Schellenberg, M. P., & Lamb, E. G. (2013). Early productivity and crude protein content
of establishing forage swards composed of combinations of native grass and legume species in
mixed-grassland ecoregions. Canadian Journal of Plant Science, 93(3), 445—-454.
https://doi.org/10.4141/CJPS2012-261/ASSET/IMAGES/CJPS2012-261TAB6.GIF

Mitchem, M. D., Dollhopf, D. J., & Harvey, K. C. (2009). Reduced-impact land disturbance techniques for
natural gas production. In R. |. Barnhisel (Ed.), National Meeting of the American Society of Mining
and Reclamation: Revitalizing the Environment: Proven Solutions and Innovative Approaches.
ASMR, 3134 Montavesta Rd., Lexington, KY 40502. https://doi.org/10.21000/JASMR09010816

Mollard, F. P. O., & Naeth, M. A. (2015). Germination sensitivities to water potential among co-existing
C3 and C4 grasses of cool semi-arid prairie grasslands. Plant Biology, 17(2), 583-587.
https://doi.org/10.1111/PLB.12292

Mollard, F. P. O., Naeth, M. A., & Cohen-Fernandez, A. (2016). Mulch amendment facilitates early
revegetation development on an abandoned field in northern mixed grass prairies of North
America. Ecological Engineering, 97, 284-291. https://doi.org/10.1016/J.ECOLENG.2016.10.004

Morrell, A. (2022). Arbuscular mycorrhizal fungi the missing piece in grassland restoration. In Grasslands
Restoration Forum, 2022 Fall Information Session.

Morrell, A. (2023). Pers. Comm. Faculty Member, Lethbridge College.

Mosley, J. C. (1996). Prescribed sheep grazing to suppress cheatgrass: a review. Sheep Research Journal,
12(2), 74-81. https://agris.fao.org/agris-search/search.do?recordID=US1997067450

MULTISAR. (2017). Controlling Japanese Brome (Bromus japonicus) and Downy Brome (Bromus
tectorum) in Native Grassland Using Simplicity Herbicide.
http://www1.foragebeef.ca/SForagebeef/frgebeef.nsf/all/frg95/SFILE/

Grassland Restoration Forum Page |82



MULTISAR. (2018). Silver Sage Conservation Site. Grassland Gazette, 13, 2. http://www.ab-conser-

Naeem, S., Knops, J. M. H., Tilman, D., Howe, K. M., Kennedy, T., & Gale, S. (2000). Plant diversity
increases resistance to invasion in the absence of covarying extrinsic factors. Oikos, 91(1), 97-108.
https://doi.org/10.1034/J.1600-0706.2000.910108.X

Naeth, M. A. (1985). Ecosystem reconstruction and stabilization following pipeline construction through
solonetzic native rangeland in Southern Alberta [University of Alberta].
https://doi.org/10.7939/R3NC5SJ1M

Naeth, M. A., Cohen Fernandez, A. C., Mollard, F. P. O., Yao, L., Wilkinson, S. R., & Jiao, Z. (2018).
Enriched Topographic Microsites for Improved Native Grass and Forb Establishment in
Reclamation. Rangeland Ecology and Management, 71(1), 12—-18.
https://doi.org/10.1016/J.RAMA.2017.08.004

Naeth, M. A., Locky, D. A., Wilkinson, S. R., Nannt, M. R,, Bryks, C. L., & Low, C. H. (2020). Pipeline
impacts and recovery of Dry Mixed-grass prairie soil and plant communities. Rangeland Ecology &
Management, 73(5), 619-628. https://doi.org/10.1016/J.RAMA.2020.06.003

Naeth, M. A., McGill, W. B., & Bailey, A. W. (1987a). Persistence of changes in selected soil chemical and
physical properties after pipeline installation in solonetzic native rangeland. Canadian Journal of
Soil Science, 67(4), 747-763. https://doi.org/10.4141/CJSS87-073

Naeth, M. A., McGill, W. B., & Bailey, A. W. (1987b). Persistence of changes in selected soil chemical and
physical properties after pipeline installation in Solonetzic native rangeland. Can. J. Soil Sci., 67,
747-763.

Najafi, F. (2018). Evaluating impacts of high voltage transmission line construction on Dry Mixedgrass
prairie in Alberta (M.Sc.) [University of Alberta]. https://doi.org/10.7939/R3WW77G2P

Najafi, F., Thompson, K. A., Carlyle, C. N., Quideau, S. A., & Bork, E. W. (2019). Access Matting Reduces
Mixedgrass Prairie Soil and Vegetation Responses to Industrial Disturbance. Environmental
Management, 64(4), 497-508. https://doi.org/10.1007/s00267-019-01193-4

National Academies of Sciences, E. and M. (2023). An Assessment of Native Seed Needs and the Capacity
for Their Supply. National Academies Press. https://doi.org/10.17226/26618

Native Plant Working Group. (2000). Native Plant Revegetation Guidelines for Alberta (H. Sinton-Gerling,
Ed.). Alberta Agriculture, Food and Rural Development and Alberta Environment.

Nemec, K. T., Allen, C. R., Helzer, C. J., & Wedin, D. A. (2013). Influence of Richness and Seeding Density
on Invasion Resistance in Experimental Tallgrass Prairie Restorations. Ecological Restoration, 31(2),
168-185. https://doi.org/10.3368/ER.31.2.168

Grassland Restoration Forum Page |83



Neville, M. (2002). Best Management Practices for Pipeline Construction in Native Prairie Environments.

Neville, M. (2017). Beneficial Management Practices for Renewable Energy Projects. Reducing the
Footprint in Alberta’s Native Grassland, Parkland and Wetland Ecosystems.

Neville, M., Lancaster, J., & Watt, D. (2008). Field Observations of the Recovery of Native Rangeland
Plant Communities on Express Pipeline.

Oakley, R. (2023). Pers. Comm. Rangeland Agrologist - Lethbridge. Lands Delivery and Coordination
South, Alberta Environment and Protected Areas.

Obour, P. B., Kolberg, D., Lamandé, M., Bgrresen, T., Edwards, G., Sgrensen, C. G., & Munkholm, L. J.
(2018). Compaction and sowing date change soil physical properties and crop yield in a loamy
temperate soil. Soil and Tillage Research, 184, 153-163.
https://doi.org/10.1016/J.STILL.2018.07.014

Ohsowski, B. M., Klironomos, J. N., Dunfield, K. E., & Hart, M. M. (2012). The potential of soil
amendments for restoring severely disturbed grasslands. Applied Soil Ecology, 60, 77-83.
https://doi.org/10.1016/J.APSOIL.2012.02.006

Orozco-Mosqueda, M. del C.,, Glick, B. R., & Santoyo, G. (2020). ACC deaminase in plant growth-
promoting bacteria (PGPB): An efficient mechanism to counter salt stress in crops. Microbiological
Research, 235, 126—439. https://doi.org/10.1016/].MICRES.2020.126439

Ostermann, D. K. (2001). Revegetation assessment of a twelve-year old pipeline on native rangeland in
southern Alberta. University of Alberta.

Otfinowski, R., Kenkel, N. C., & Catling, P. M. (2007). The biology of Canadian weeds. 134. Bromus
inermis Leyss. Canadian Journal of Plant Science, 87, 183—198.

Paige, C. (2020). Alberta Landholder’s Guide to Wildlife Friendly Fencing.

Palazzo, A. J., Jensen, K. B., Waldron, B. L., & Cary, T. J. (2005). Effects of tank tracking on range grasses.
Journal of Terramechanics, 42(3—4), 177-191. https://doi.org/10.1016/J.JTERRA.2004.10.005

Pausas, J. G., Lamont, B. B., Paula, S., Appezzato-da-Gléria, B., & Fidelis, A. (2018). Unearthing
belowground bud banks in fire-prone ecosystems. New Phytologist, 217(4), 1435-1448.
https://doi.org/10.1111/NPH.14982

Petherbridge, W. L. (2003). Sod salvage and minimal disturbance pipeline reclamation techniques:
implications for native prairie restoration. University of Alberta.

Grassland Restoration Forum Page |84



Pietrasiak, N., Regus, J. U., Johansen, J. R., Lam, D., Sachs, J. L., & Santiago, L. S. (2013). Biological soil
crust community types differ in key ecological functions. Soil Biology and Biochemistry, 65, 168—
171. https://doi.org/10.1016/).SOILBI0.2013.05.011

Potthoff, M., Jackson, L. E., Steenwerth, K. L., Ramirez, |., Stromberg, M. R., & Rolston, D. E. (2005). Soil
Biological and Chemical Properties in Restored Perennial Grassland in California. Restoration
Ecology, 13(1), 61-73. https://doi.org/10.1111/J.1526-100X.2005.00008.X

Powter, C. B., McKenzie, M., & Small, C. C. (2017). Inventory of Native Grass Seed Mixes in Alberta.

Printz, J. L., & Hendrickson, J. R. (2015). Impacts of Kentucky bluegrass Invasion (Poa pratensis L.) on
Ecological Processes in the Northern Great Plains. Rangelands, 37(6), 226-232.
https://doi.org/10.1016/J.RALA.2015.10.006

Pyle, L. A. (2018). Influence of management and disturbance history on germinable seed bank
composition and legume recruitment in Alberta’s Central Parkland and Dry Mixedgrass prairie
(Ph.D. Dissertation) [University of Alberta]. https://doi.org/10.7939/R3RJ4999T

Pyle, L., Bork, E., & Hall, L. (2016). Dynamics of Vegetation, Biological Soil Crusts, and Seed Banks along
Pipelines in Southern Alberta’s Mixed Grass Prairie. In A. lwaasa, H. A. Lardner, W. Willms, M.
Schellenberg, & K. Larson (Eds.), The Future Management of Grazing and Wild Lands in a High-Tech
World: Proceedings 10th International Rangeland Congress (pp. 646—648). 10th International
Rangeland Congress.

Qadir, M., & Oster, J. D. (2004). Crop and irrigation management strategies for saline-sodic soils and
waters aimed at environmentally sustainable agriculture. Science of The Total Environment, 323(1-
3), 1-19. https://doi.org/10.1016/J.SCITOTENV.2003.10.012

Redmann, R. E., & Fedec, P. (1987). Mineral ion composition of halophytes and associated soils in
Western Canada. Communications in Soil Science and Plant Analysis, 18(5), 559-579.
https://doi.org/10.1080/00103628709367841

Reinhart, K. O., & Rinella, M. J. (2021). Molecular evidence for impoverished mycorrhizal communities of
Agropyron cristatum compared with nine other plant species in the Northern Great Plains.
Rangeland Ecology and Management, 74(1), 147-150. https://doi.org/10.1016/j.rama.2020.08.005

Retta, A., Wagner, L. E., Tatarko, J., & Todd, T. C. (2013). Evaluation of Bulk Density and Vegetation as
Affected by Military Vehicle Traffic at Fort Riley, Kansas. Presented at the 2011 symposium on
erosion and landscape evolution (ISELE) as paper No. 11196. American Society of Agricultural and
Biological Engineers, 56(2), 653-665. https://doi.org/10.13031/2013.42687

Rinella, M. J., Maxwell, B. D., Fay, P. K., Weaver, T., & Sheley, R. L. (2009). Control effort exacerbates
invasive-species problem. Ecological Applications: A Publication of the Ecological Society of
America, 19(1), 155—-162. https://doi.org/10.1890/07-1482.1

Grassland Restoration Forum Page |85



Romo, J. T., & Grilz, R. W. (2002). Establishment of silver sagebrush in the Northern Mixed Prairie.
Journal of Range Management, 55(3), 217-221. https://doi.org/10.2458/AZU_JRM_V55I13_ROMO

Rowell, M. J., & Florence, L. Z. (1993). Characteristics associated with differences between undisturbed
and industrially-disturbed soils. Soil Biology and Biochemistry, 25(11), 1499-1511.
https://doi.org/10.1016/0038-0717(93)90005-V

Rowland, J. (2008). Ecosystem Impacts of Historical Shallow Gas Wells within the CFB Suffield National
Wildlife Area.

Rushton, K. (2018). Cattle preference of Crested Wheatgrass over native vegetation in the Dry
Mixedgrass Ecoregion and the associated changes of grazing on community composition.

Sanderson, M. A., Feldmann, C., Schmidt, J., Herrmann, A., & Taube, F. (2010). Spatial distribution of
livestock concentration areas and soil nutrients in pastures. Journal of Soil and Water Conservation,
65(3), 180-189. https://doi.org/10.2489/ISWC.65.3.180

Schimel, J., Balser, T. C., & Wallenstein, M. (2007). Microbial Stress-Response Physiology and Its
Implications for Ecosystem Function. In Ecology (Vol. 88, pp. 1386—1394). WileyEcological Society
of America. https://doi.org/10.2307/27651246

Serajchi, M., Schellenberg, M. P., Mischkolz, J. M., & Lamb, E. G. (2017). Mixtures of native perennial
forage species produce higher yields than monocultures in a long-term study. Canadian Journal of
Plant Science, 98(3), 633—647. https://doi.org/10.1139/CJPS-2017-0087/ASSET/IMAGES/CJPS-
2017-0087TAB10.GIF

Shainberg, |., & Letey, J. (1984). Response of soils to sodic and saline conditions. Hilgardia, 52(2), 1-57.
https://doi.org/10.3733/HILG.V52N02P057

Sheldon, D. P. (2005). Movement and distribution patterns of pronghorn in relation to roads and fences
in Southwestern Wyoming. Master’s thesis, Department of Zoology and Physiology, University of
Wyoming.

Sherwood, S., & Uphoff, N. (2000). Soil Health: Research, Practice and Policy for a more Regenerative
Agriculture. Applied Soil Ecology, 15, 85-97. https://doi.org/10.1016/50929-1393(00)00074-3

Simmers, S. M., & Galatowitsch, S. M. (2010). Factors Affecting Revegetation of Qil Field Access Roads in
Semiarid Grassland. Restoration Ecology, 18(s1), 27-39. https://doi.org/10.1111/).1526-
100X.2010.00716.X

Sinton, H. M. (2001). Prairie Oil and Gas: A Lighter Footprint.

Sinton, H., Willoughby, M. G., Schoepf, A., Tannas, C., & Tannas, K. (1996). A Guide to Using Native
Plants on Disturbed Lands.

Grassland Restoration Forum Page |86



Slopek, J. I., & Lamb, E. G. (2017). Long-Term Efficacy of Glyphosate for Smooth Brome Control in Native
Prairie. Invasive Plant Science and Management, 10(4), 350—355.
https://doi.org/10.1017/INP.2017.33

Soulodre, E. M. J,, Dhar, A., & Naeth, M. A. (2021). Mixed-Prairie Well Site Reclamation with Natural
Recovery, Seeding, and Grazing. Rangeland Ecology & Management, 79, 208-216.
https://doi.org/10.1016/J.RAMA.2021.09.002

Soulodre, E. M. J., Dhar, A., & Naeth, M. A. (2022). Plant community development trends on mixed grass
prairie well sites 5 years after reclamation. Ecological Engineering, 179, 106635.
https://doi.org/10.1016/J.ECOLENG.2022.106635

Spellman, F. R. (2014). Environmental impacts of renewable energy. In Environmental Impacts of
Renewable Energy (1st ed.). CRC Press. https://doi.org/10.1201/B17744/ENVIRONMENTAL-
IMPACTS-RENEWABLE-ENERGY-FRANK-SPELLMAN

Srivastava, D. S., & Vellend, M. (2005). Biodiversity-Ecosystem Function Research: Is It Relevant to
Conservation? Annual Review of Ecology, Evolution, and Systematics, 36, 267—294.
https://doi.org/10.1146/ANNUREV.ECOLSYS.36.102003.152636

Stacy, M. D., Perryman, B. L., Stahl, P. D., & Smith, M. A. (2005). Brome control and microbial inoculation
effects in reclaimed cool-season grasslands. Rangeland Ecology and Management, 58(2), 161-166.
https://doi.org/10.2111/1551-5028(2005)58<161:BCAMIE>2.0.CO;2

Stallman, J. W. (2020). The Investigation of Restoration Techniques for Two Degraded Rangeland Sites in
North Dakota. North Dakota State University of Agriculture and Applied Science.

Stamp, N. E. (1989). Efficacy of explosive vs. hygroscopic seed dispersal by an annual grassland species.
American Journal of Botany, 76(4), 555-561. https://doi.org/10.2307/2444350

Steffens, T., Grissom, G., Barnes, M., Provenza, F., & Roath, R. (2013). Adaptive Grazing Management for
Recovery: Know why you’re moving from paddock to paddock. Rangelands, 35(5), 28—34.
https://doi.org/10.2111/RANGELANDS-D-13-00018.1

Stover, H. J., Naeth, M. A., & Boldt-Burisch, K. (2018). Soil disturbance changes arbuscular mycorrhizal
fungi richness and composition in a fescue grassland in Alberta Canada. Applied Soil Ecology, 131,
29-37. https://doi.org/10.1016/J.APSOIL.2018.07.008

Strohmayer, P. (1999). Soil Stockpiling for Reclamation and Restoration Activities after Mining and
Construction. Restoration and Reclamation Review, Student On-Line Journal. Department of
Horticultural Science, University of Minnesota, 4(7), 1-6.

Sylvain, Z. A., Branson, D. H., Rand, T. A., West, N. M., & Espeland, E. K. (2019). Decoupled recovery of
ecological communities after reclamation. PeerJ, 7(e7038). https://doi.org/10.7717/peerj.7038

Grassland Restoration Forum Page |87



Tannas Conservation Services Ltd. (2016). Plant Material Selection and Seed Mix Design for Native
Grassland Restoration Projects.

Tannas, S. (2014). The Successful Restoration of Fescue Grasslands in Southwestern Alberta.
https://www.pcap-sk.org/docs/15_nprrwpresentatio/2014_NPRRW_Steven-Tannas.pdf

Theoharides, K. A., & Dukes, J. S. (2007). Plant invasion across space and time: factors affecting
nonindigenous species success during four stages of invasion. New Phytologist, 176(2), 256-273.
https://doi.org/10.1111/).1469-8137.2007.02207.X

Thompson, K. A., Bent, E., James, K., Carlyle, C. N., Quideau, S., & Bork, E. W. (2020). Access mats
partially mitigate direct traffic impacts on soil microbial communities in temperate grasslands.
Applied Soil Ecology, 145, 103353. https://doi.org/10.1016/J.APSOIL.2019.09.003

Thompson, K. A., James, K. S., Carlyle, C. N., Quideau, S., & Bork, E. W. (2022). Timing and duration of
access mat use impacts their mitigation of compaction effects from industrial traffic. Journal of
Environmental Management, 303. https://doi.org/10.1016/j.jenvman.2021.114263

Thurow, T. L., Warren, S. D., & Carlson, D. H. (1996). Tracked Vehicle Traffic Effects on the Hydrologic
Characteristics of Central Texas Rangeland. Soil and Water Division of ASAE, 36(6), 1645—1650.
https://doi.org/10.13031/2013.28507

Toledo, D., Sanderson, M., Spaeth, K., Hendrickson, J., & Printz, J. (2014). Extent of Kentucky Bluegrass
and Its Effect on Native Plant Species Diversity and Ecosystem Services in the Northern Great Plains
of the United States. Invasive Plant Science and Management, 7(4), 543-552.
https://doi.org/10.1614/IPSM-D-14-00029.1

Turney, D., & Fthenakis, V. (2011). Environmental impacts from the installation and operation of large-
scale solar power plants. Renewable and Sustainable Energy Reviews, 15(6), 3261-3270.
https://doi.org/10.1016/J.RSER.2011.04.023

Tyser, R. W., & Worley, C. A. (1992). Alien Flora in Grasslands Adjacent to Road and Trail Corridors in
Glacier National Park, Montana (U.S.A.). Conservation Biology, 6(2), 253-262.
https://doi.org/10.1046/).1523-1739.1992.620253.X

Vaness, B. M., & Wilson, S. D. (20007). Impact and management of crested wheatgrass (Agropyron
cristatum) in the northern Great Plains. Https://Doi.Org/10.4141/CJPS07120, 87(5), 1023—-1028.
https://doi.org/10.4141/CJPS07120

Veldman, J. W., Buisson, E., Durigan, G., Fernandes, G. W., le Stradic, S., Mahy, G., Negreiros, D.,
Overbeck, G. E., Veldman, R. G., Zaloumis, N. P., Putz, F. E., & Bond, W. J. (2015). Toward an old-
growth concept for grasslands, savannas, and woodlands. Frontiers in Ecology and the
Environment, 13(3), 154-162. https://doi.org/10.1890/140270

Grassland Restoration Forum Page |88



Viall, E. M., Gentry, L. F., Hopkins, D. G., Ganguli, A. C., & Stahl, P. (2014). Legacy Effects of Oil Road
Reclamation on Soil Biology and Plant Community Composition. Restoration Ecology, 22(5), 625—
632. https://doi.org/10.1111/REC.12115

Viall, E. W. (2012). Characterizing soil microbial communities of reclaimed roads in North Dakota. North
Dakota State University of Agriculture and Applied Science.

Wagner, V., & Nelson, C. R. (2014). Herbicides Can Negatively Affect Seed Performance in Native Plants.
Restoration Ecology, 22(3), 288—291. https://doi.org/10.1111/REC.12089

Walker, D., Kremer, L., & Marshall, W. (1996). Recovery of native prairie after pipeline construction in
the Sand Hills region of Saskatchewan. In C. B. Powter, M. A. Naeth, & D. A. Lloyd (Eds.), Canadian
Land Reclamation Association, Edmonton, AB (Canada); Annual meeting (pp. 123—124). Canadian
Land Reclamation Association.

Wark, D. B., Gabruch, L. K., Penner, C., Hamilton, R. J., & Koblun, T. G. (2004). Revegetating with Native
Grasses in the Northern Great Plains Professional’s Manual. www.nativeplantsolutions.com

Warren, S. D. (1995). Ecological role of microphytic soil crusts in arid ecosystems. In D. Allsopp, R. R.
Colwell, & D. L. Hawksworth (Eds.), Microbial diversity and ecosystem function: proceedings of the
IUBS/IUMS Workshop held at Egham, UK, 10-13 August 1993. (pp. 199-209). CAB INTERNATIONAL.

Warren, S. D., Rosentreter, R., & Pietrasiak, N. (2021). Biological Soil Crusts of the Great Plains: A
Review. Rangeland Ecology & Management, 78, 213-219.
https://doi.org/10.1016/J.RAMA.2020.08.010

Watkinson, A. D., Naeth, M. A,, & Pruss, S. (2020). Storage time, light exposure, and physical scarification
effects on Artemisia cana seed germination. Native Plants Journal, 21(1), 4-14.
https://doi.org/10.3368/NPJ.21.1.4

Watkinson, A. D., Naeth, M. A,, & Pruss, S. D. (2021). Modeling Artemisia cana Landscape Cover as a
Function of Planting Density and Age to Inform Restoration of Sagebrush Habitats. Rangeland
Ecology and Management, 76, 22—-29. https://doi.org/10.1016/J.RAMA.2021.01.005

Watkinson, A.-L. (2020). Restoration of sagebrush grassland for greater sage grouse habitat in
Grasslands National Park, Saskatchewan. University of Alberta.

Whitehead, D. C. (2000). Nitrogen. In D. C. Whitehead (Ed.), Nutrient Elements in Grassland: Soil-Plant—
Animal Relationships (pp. 95-124). CABI.
https://www.academia.edu/48258118/Nutrient_Elements_in_Grassland_Soil_Plant_Animal_Relati
onships

Grassland Restoration Forum Page |89



Williams, M. 1., Schuman, G. E., Hild, A. L., & Vicklund, L. E. (2002). Wyoming Big Sagebrush Density:
Effects of Seeding Rates and Grass Competition. Restoration Ecology, 10(2), 385-391.
https://doi.org/10.1046/).1526-100X.2002.01025.X

Willms, W., Adams, B., & McKenzie, R. (2011). Overview: Anthropogenic Changes of Canadian
Grasslands. In K. D. Floate (Ed.), Arthropods of Canadian Grasslands (Volume 2): Inhabitants of a
Changing Landscape (pp. 1-22). Biological Survey of Canada. ISBN 978-0-9689321-5-5.
https://doi.org/10.3752/9780968932155.ch1

Willms, W. D., & Quinton, D. A. (1995). Grazing effects on germinable seeds on the fescue prairie.
Journal of Range Management, 48(5), 423—430. https://doi.org/10.2307/4002246

Willms, W. D., Smoliak, S., & Dormaar, J. F. (1985). Effects of Stocking Rate on a Rough Fescue Grassland
Vegetation. Journal of Range Management, 38, 220-225.

Willms, W., Henry, H., Willms, W. D., Ellert, B. H., Henry Janzen, H., & Douwes, H. (2005). Evaluation of
Native and Introduced Grasses for Reclamation and Production. Rangeland Ecology &
Management, 58(2), 177—-183. https://doi.org/10.2111/1551-
5028(2005)58%3C177:EONAIG%3E2.0.CO;2

Wilsey, B. (2021). Restoration in the face of changing climate: importance of persistence, priority effects,
and species diversity. In Restoration Ecology (Vol. 29, Issue S1, p. e13132). Blackwell Publishing Inc.
https://doi.org/10.1111/rec.13132

Wilson, D. S., & Hansen, M. J. (2006). Is management of an invasive grass Agropyron cristatum
contingent on environment? Article in Journal of Applied Ecology, 43, 269-280.
https://doi.org/10.1111/j.1365-2664.2006.01145.x

Wilson, S. D., & Partel, M. (2003). Extirpation or Coexistence? Management of a Persistent Introduced
Grass in a Prairie Restoration. Restoration Ecology, 11(4), 410-416.
https://doi.org/10.1046/).1526-100X.2003.REC0217.X

Wong, V. N. L, Dalal, R. C., & Greene, R. S. B. (2008). Salinity and sodicity effects on respiration and
microbial biomass of soil. Biology and Fertility of Soils, 7(44), 943-953.
https://doi.org/10.1007/5S00374-008-0279-1

Wruck, G. W., & Hammermeister, A. M. (2003). Prairie Roots: A Handbook for Native Prairie Restoration.

Xiao, J., Wang, Y. F., Shi, P, Yang, L., & Chen, L. D. (2014). Potential effects of large linear pipeline
construction on soil and vegetation in ecologically fragile regions. Environmental Monitoring and
Assessment, 186(11), 8037—8048. https://doi.org/10.1007/510661-014-3986-0

Yachi, S., & Loreau, M. (1999). Biodiversity and ecosystem productivity in a fluctuating environment: The
insurance hypothesis. Proceedings of the National Academy of Sciences of the United States of

Grassland Restoration Forum Page |90



America, 96(4), 1463-1468. https://doi.org/10.1073/PNAS.96.4.1463/ASSET/A5AACE38-EE10-
460F-AB46-61C158719E30/ASSETS/GRAPHIC/PQ0294529003.JPEG

Yan, N., Marschner, P., Cao, W., Zuo, C., & Qin, W. (2015). Influence of salinity and water content on soil
microorganisms. International Soil and Water Conservation Research, 3, 316—-323.
https://doi.org/10.1016/j.iswcr.2015.11.003

Yang, C., Hamel, C., Schellenberg, M. P., Perez, J. C., & Berbara, R. L. (2010). Diversity and functionality of
arbuscular mycorrhizal fungi in three plant communities in semiarid Grasslands National Park,
Canada. Microbial Ecology, 59(4), 724—733. https://doi.org/10.1007/500248-009-9629-2

Zapisocki, Z., Murillo, R. de A., & Wagner, V. (2022). Non-Native Plant Invasions in Prairie Grasslands of
Alberta, Canada. Rangeland Ecology & Management, 83, 20-30.
https://doi.org/10.1016/J.RAMA.2022.02.011

Zlatnik, E. (1999). Agropyron cristatum. In: Fire Effects Information System, [Online]. U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer).
https://www.fs.usda.gov/database/feis/plants/graminoid/agrcri/all.html

Zouhar, K. (2003). Bromus tectorum. In: Fire Effects Information System, [Online]. U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory.
https://www.fs.usda.gov/database/feis/plants/graminoid/brotec/all.html

Grassland Restoration Forum Page |91



	DMG Lit Review Cover Page
	Dry Mixedgrass Literature Review_FINAL_March_2023.pdf

