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Executive Summary

In March 2015, Council approved Calgary’s 10-year strategic plan titled Our BiodiverCity
(The City of Calgary Parks 2014) and the Biodiversity Policy. Within the strategic plan,
one of the objectives is to improve the city of Calgary’s ecological functions through the
restoration of degraded habitats. City of Calgary Plant Lists provides vascular plant lists
based on habitat type and landscape intent in order to inform restoration plans.

City of Calgary Plant Lists is meant to inform restoration plans as per the Habitat
Restoration Project Framework (The City of Calgary Parks 2014) and provide necessary
information and factors to consider during the species selection phase of the project. It
also complements City of Calgary Seed Mixes (The City of Calgary Parks 2018) by
addressing plant selection as a whole.

City of Calgary Plant Lists is designed to assist with plant selection in low maintenance
landscapes which excludes habitat types such as manicured flower beds, highly
maintained turf and street trees. Cited plants are native species or hardy horticultural
cultivars appropriate for the Calgary area. These species require no to low care and are
able to tolerant extreme conditions when used in the appropriate recommended habitat
type. Due to the adaptable nature of these plants, they also are important in the
mitigation of climate change. Since these species are very robust, they are adaptable to
a varying climate and as such, this document assists in satisfying The City of Calgary’s
Climate Resilience Strategy Mitigation and Adaptation Action Plans (The City of
Calgary 2018).

Although the species lists and supporting information has been based on observations
within the Calgary area, positive results when using these plant species are not
guaranteed due to the complex nature of site-specific factors and the unpredictability of
managing biological systems. Lastly, the information provided in this document can
apply to areas outside of Calgary; however, the focus and associated recommendations
are based on the urban environment.


http://www.calgary.ca/CSPS/Parks/Documents/Planning-and-Operations/BiodiverCity-strategic-plan.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Construction/habitat-restoration-framework.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Construction/habitat-restoration-framework.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Planning-and-Operations/seed-mixes.pdf
http://www.calgary.ca/_layouts/cocis/DirectDownload.aspx?target=http%3a%2f%2fwww.calgary.ca%2fUEP%2fESM%2fDocuments%2fESMDocuments%2fClimate_Resilience_Plan.PDF&noredirect=1&sf=1
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Prairie coneflower (Ratibida columnifera) is a native forb (i.e., wildflower) that grows in dry, open grasslands
and foothills. This species can withstand both drought and salinity and is an important source of nectar for
pollinators, especially native bee specialists.
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Section I: Rationale for City of Calgary plant
lists

Introduction

In March 2015, Council approved Calgary’s 10-year strategic plan titled Our BiodiverCity
(The City of Calgary Parks 2014) and the Biodiversity Policy. Within the strategic plan, one
of the objectives is to improve the city of Calgary’s ecological functions through the
restoration of degraded habitats. City of Calgary Plant Lists provides plant lists based on
habitat type and landscape intent in order to inform restoration plans. In addition, cost
saving measures are discussed.

The Habitat Restoration Project Framework (The City of Calgary 2014) provides detailed
requirements and guidelines for conducting and reporting on habitat restoration projects in
existing and future Natural Environment Parks (e.g., a City-owned park, consisting of
Municipal Reserve and/or Environmental Reserve, where the primary role is the protection
of a relatively undisturbed ecosystem). City of Calgary Plant Lists is considered an
addendum to that document and is intended to be used for projects outside of and within
Natural Environment Parks. City of Calgary Plant Lists informs the plant selection portion in
activities ranging on the continuum from reclamation (e.g., a type of restoration where one
attempts to stabilize disturbed lands to an ecologically productive use) to restoration (e.g.,
the attempt to fully re-establish the target level of ecosystem function and biodiversity as
defined by the reference vegetation community structure). These plant lists are meant for
projects that are not aiming to install turf grass and where mowing is not part of the regular
maintenance regime.

In addition, this document is meant to complement the information provided in City of
Calgary Seed Mixes (The City of Calgary Parks 2018) and examine plant suitability for the
Calgary area as a whole.

Purpose

In the past, the majority of City restoration projects occurred in existing Natural Environment
Parks or Environmental Reserves that were going to be transformed into future urban
Natural Environment Parks. Recently, other forms of restoration types have been
implemented by The City in order to lessen maintenance costs and improve Calgary’s
ecological functionality and health. For example, recent projects include the use of salt
tolerant native grasses and forbs (e.g., herbaceous flowering plant other than a grass)
instead of standard turf grass mixes on boulevards and transforming road corridors into
pollinator habitats using both native wildflowers and salt tolerant agronomic species.

Plants, especially native species found in rural areas, may not perform well as restoration
species within an urban environment. These plants may be very sensitive and unable to



http://www.calgary.ca/CSPS/Parks/Documents/Planning-and-Operations/BiodiverCity-strategic-plan.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Construction/habitat-restoration-framework.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Planning-and-Operations/seed-mixes.pdf
http://www.calgary.ca/CSPS/Parks/Documents/Planning-and-Operations/seed-mixes.pdf

withstand common urban land management issues such as compacted soils, fragmented
landscapes, trampling and/or a lack of a natural disturbance regime (e.g., flood, fire,
grazing, etc.). Some species also may be poor competitors. Due to the fragmentation of
natural areas (e.g., land comprised predominantly of native species and natural ecosystems
[The City of Calgary Parks 2014]) and the high number of invasive plant species present in
urban centres, less aggressive plant species tend to get outcompeted and do not persist in
the landscape, even when planted or seeded. Since these species were present in the
Calgary area prior to development, introducing them back into the landscape is ecologically
beneficial; however, it should be done with care to ensure that resources are used wisely
and in the end, benefit the ecosystem. These challenges are noted in the Appendix within
the plant lists.

Many of the plant species that can colonize challenging habitats within the urban
environment tend to be able to thrive in harsh conditions. Due to the hardiness of these
plants, they can withstand extreme weather conditions. Utilizing these species in various
types of restoration can assist in satisfying the Climate Resilience Strateqy Mitigation and
Adaptation Action Plans (The City of Calgary 2018). The use of these species provides a
robust plant community that can withstand climate change pressures while thriving and
contributing to the urban ecosystem.

In addition to the challenges of the urban environment, Calgary is also unigue in the sense
that it is located at a transition zone which encompasses the boundaries of the Foothills
Parkland, Foothills Fescue and Central Parkland Natural Subregions (Alberta Sustainable
Resource Development 2005). Calgary experiences Chinooks which adds to the complexity
of the ecosystems in this area. Additionally, Calgary soil is generally alkaline and has a pH
in the range of 7.5 to 8 (Calgary Horticultural Society 2018). Soil salinity is common, both
naturally and from road deicing activities. For example, the eastern side of the city contains
many seasonal saline wetlands where, during drier times of the year, the salt crust on the
soil can be easily observed from afar.

Due to the unique climatic properties of the Calgary area, many plants that are suitable for
the same plant hardiness zone (i.e., which plants can grow where) may not grow well in
Calgary due to the soil conditions and Chinooks. It takes resilient species that are adapted
to withstand the drastic temperature fluctuations and resulting changes in soil moisture that
occur during a Chinook. Also, plants that thrive in the more acidic soils within central and
northern Alberta may not survive here due the alkalinity content of Calgary’s soils. Due to
the prairie climate and southern location in Canada, the Calgary area is quite dry and can
be very windy at times. This again restricts the vegetation adapted to these conditions as
species that are suitable for most of Alberta may not thrive in Calgary’s climate.

It should be noted that plants that thrive in one area of the city may not establish in another
area of Calgary. This is due to the three natural subregions that are present within the city.
For example, on the west side of the city the rolling topography, white spruce and trembling
aspen indicate the foothills. Rolling topography with isolated aspen stands and open

2019 City of Calgary
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http://www.calgary.ca/_layouts/cocis/DirectDownload.aspx?target=http%3a%2f%2fwww.calgary.ca%2fUEP%2fESM%2fDocuments%2fESMDocuments%2fClimate_Resilience_Plan.PDF&noredirect=1&sf=1

meadows illustrate the parkland area of Calgary in the northwest. In the southern and east
areas of the city, the prairie ecosystem is evident through the presence of the dry open
grassland and prairie pothole seasonal wetlands.

The lists are not inclusive but are provided based on what has been available in the past for
purchase and what plants have been used successfully in previous projects within The City
of Calgary. Ease of procurement is noted in the context of previous availability and what
plant species might be worth looking into procuring, even if they have not been used in the
past in restoration work. Information on form (e.g., seed, potted material, plug, etc.) is also
provided based on the ease of growth, availability and cost efficiency.

Lastly, in addition to the more obvious ecological improvements that this document intends
to support, it serves to provide cost savings to the development industry, contractors,
environmental professionals and The City of Calgary itself. This document delivers plant
selection advice related to direct project experience within the city limits of Calgary. Sharing
this information will reduce costs, both internally and externally, through saving time during
consultations, projects that have reduced maintenance and minimizing the time it takes to
complete a restoration.

Document outline
The summarized outline of City of Calgary Plant Lists is provided below.

1. Section 1: Rationale for City of Calgary plant lists contains information regarding
how Calgary is environmentally unique and plants that are appropriate for Alberta in
general may not thrive in this region. The challenges of urban versus rural
restoration along with limiting factors in plant selection and procurement is also
discussed in this section.

2. Section lI: Initial considerations outlines the process of how plants are selected
for various types of restoration projects using a number of considerations such as
site history, plant biology, and storage practices that may be limiting factors during
the project implementation phase.

3. Section lll: Methods discusses plant compatibility, techniques designed to restore a
vegetation community using different forms of plant material to optimize cover,
appropriate timing to prevent plant loss, site preparation and planting techniques.
Various types of restoration work are also discussed and defined.

4. Section IV: Habitat types summarizes how habitat types are defined by Parks and
Urban Conservation, the limitations of utilizing these habitat types and how they will
be defined in City of Calgary Plant Lists.

5. Section V: References indicates literature used to compile this document.

6. Section VI: Appendix: Plant species based on habitat type and intent outlines
appropriate species for various types of restoration work based on what is there now
and long term landscape goals. Information on how to increase plant survival and
what plant life form is generally used and available is discussed.

2019 City of Calgary
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Who should use this plan

This framework is meant to guide environmental consultants in their design of restoration
plans on City property. It is also meant to inform and assist project managers, land
managers and environmental professionals, both internally and externally, in day-to-day
restoration work within Calgary.

Disclaimer

City of Calgary Plant Lists does not replace restoration expertise, experience or
professional qualifications, nor is the document intended to replace the user’s own due
diligence and research. Nothing in this document is meant to relieve the user from
complying with municipal, provincial and federal legislation. This document provides
information on plant species that can be used successfully during the undertaking of
restoration work within the urban environment of the Calgary area. It does not replace a
site-specific approach to restoration, which is critical to achieving success. These lists also
are not guaranteed to be all inclusive. The use of City of Calgary Plant Lists does not
guarantee results due to the complex nature of restoration and the difficulty associated with
managing biological systems.

Using this document does not equal approvals from City of Calgary staff or stakeholder
engagement with key personnel.

Should any user have questions as to the intent of any procedure found in this document,
the user is advised to seek clarification from the lead of Urban Conservation, Parks.

Restoration in the city of Calgary and
associated considerations

The City of Calgary is continuously striving to mitigate the effects of development,
disturbance and fragmentation on its sensitive ecosystems. Calgary’s climate is distinct as
its City limits encompass the boundaries of the Foothills Parkland, Foothills Fescue and
Central Parkland Natural Subregions (Alberta Sustainable Resource Development 2005). In
addition, Calgary experiences Chinooks which adds to the complexity of the ecosystems in
this area.

Urban versus rural restoration

Restoration differs and tends to be more difficult in urban areas than rural areas.
Fragmentation of open space and smaller expanses of natural area, surrounding land use,
usage pressure and constant sources of invasive species introduction (e.g., adjacent roads,
dogs, bikes, etc.) make the re-establishment of native species and revegetation/restoration
in general more challenging in urban areas. In addition, the lack of top predators in cities
that are more numerous in rural areas cause issues with seed predation and grazing by

2019 City of Calgary




smaller herbivores/omnivores such as Richardson ground squirrels, Canada geese, feral
rabbits and white-tailed jack-rabbits. Also, deer can problematic for vegetation
establishment in some urban areas.

Due to non-native landscapes such as playfields and lawns and the many small
disconnected pieces of green space that are common byproducts of development, the goal
of restoring an area back to an entirely native landscape may not be possible or desired.
Urban development and high usage also leads to a decrease in soil health which is a
limiting factor in plant selection. For example, soil may be lacking organics, compacted,
lacking natural biota, not draining properly, nutrient deficient, overly saline, and/or have a
compromised structure. Soil structures can be altered when they contain additional gravel
or cobble from anthropogenic activities, the soil has been admixed and the various horizon
layers are not intact (e.g., topsoil is mixed with subsoil), and/or soil has been lost to erosion
leading to a lack of topsoil. Best management practices in Soil Handling Recommendations
(The City of Calgary Parks 2019) can work to mitigate these negative effects but with
anthropogenic disturbance, there is almost always a decrease in soil health. Soils that are
in poor health will not support certain plant species. It may not be a wise use of resources to
amend or replace soil. In those circumstances, aggressive native and non-native plants
may be chosen that can assist in soil building, alleviate compaction (i.e., have large
taproots which break up soil) and prevent further soil loss. Depending on the proximity to
natural areas and ecologically healthy ecosystems, using these aggressive species for
revegetation may be the best choice versus using native species to try and restore the area
to the reference vegetation that was present before development.

Without the use of fast-establishing plants that thrive in the Calgary area, these sites may
only serve as habitat to invasive species. The colonizing weeds may require control under
the Alberta Weed Control Act (2010) if they are listed in the legislation.

This contradicts the restoration approach used in healthy interconnected rural areas.
Natural recovery and restoration using less aggressive later successional native species is
successful in rural areas whereas restoration in a highly urban area requires a much more
aggressive approach in order to be successful.

Time limitations

Due to the development process, restoration becomes even more complicated, especially
in areas designated to stay in a more natural state (e.g., Environmental Reserve). In order
to develop communities, various timelines exist which generally do not exceed 5 years from
construction start to completion. Many projects have even shorter timelines. Due to this,
restoration to a native reference plant community is often impossible without much longer
periods of ongoing maintenance than The City has the ability to require or provide after the
community is built and/or the development is completed. This is why it is especially
important to determine project goals, land use, maintenance regimes and what type of

2019 City of Calgary
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landscape is deemed acceptable and tolerable based on time limitations, perceived risks,
adjacent land use and the condition of adjacent lands.

Availability

Many restoration projects, especially development projects for The City of Calgary, may
require a large quantity of plants and/or seed. Depending on the species, it may not be
readily available in any life form. There are multiple biological factors that contribute to the
difficulty of the procurement of various species.

In most cases, large projects with a significant earth-moving/soils handling component (e.g.,
restoring disturbed areas of Environmental Reserve during community development)
require a combination of both live plants and seed. As soon as it has been decided what
plants are required and when, vendors should be contacted so that they can ensure they
have the material available at the right time.

Procurement
Large restoration projects generally have to source from multiple vendors. Also, most plant
material suppliers are specialized in one or two of the following:

e Seed production

o \Woody plant propagation

o Potted graminoid (e.g., grasses, rushes and sedges) production
e Potted forb production

For more information on seed procurement, see City of Calgary Seed Mixes (The City of
Calgary Parks 2018).

Large full-scale restorations in areas that are highly disturbed or have experienced
significant earth-moving activities require vendors that can supply large amounts of plant
material. Also, sizable areas that require reclamation (e.g., vegetation cover to transform
unusable land into usable land) only will use a great amount of plant material, although the
diversity of the species will be low if the goal of the project is to provide vegetation cover
only.

Companies that can provide bulk-sized orders and/or many different plant species often
have a combination of the following attributes where they:

¢ Can mass produce seed;

e Can clean seed of organics, debris, awns and/or pappus (e.g., a tuft of scales,
bristles or hair-like bristles that crown a seed);

o Have access to open land to grow plant material;

e Have access to open land containing different habitat types to grow plant material;

e Have climate controlled environments and irrigation/access to water (e.g.,
greenhouse);

2019 City of Calgary
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e Have large storage areas;

o Have methods to transport large quantities of products;

o Have a regular “drop-off’ schedule for transport of goods;

¢ Have plant material that is farther removed genetically from the wild type due to
mass production; and,

¢ May not know the origin of their plant material.

Since smaller restoration projects require less plant material, vendors do not require the
ability to supply large amounts of plant material at once. The differences between these
vendors and the companies mentioned above may include the following characteristics

listed below.

e They are smaller businesses and do not have as much available land or various
habitat types within that land;

e They tend to supply material to a more local market;

e They do not have the ability to clean seed of organics, debris, awns and/or pappus;

¢ In order to secure seed for purchase, they rely on wild collection, either by hand
alone or by a type of hand held seed harvester that utilizes agitation and suction for
collection;

e They generally do not have climate controlled environments such as greenhouses
with access to water and/or irrigation;

e Storage areas are smaller;

e Cannot transport large quantities of goods;

¢ Do not have a regular “drop-off” schedule for transport of goods;

¢ Have plant material that is closer to the wild type; and,

¢ Know the origin of their plant material.

Most vendors fall between these categories, as these are presented as extremes; however,
these factors are important to consider when securing contractors to provide seed or live
plants. One of the largest differences generally occurs between companies that supply
seed. Smaller companies that do not mass produce seed often rely on hand collection and
do not have the ability to clean seed. Smaller projects using seed tend to hand broadcast
seed versus seed using machinery. Seed that has not been cleaned is easier to hand
broadcast rather than put it through a seeder; however, any seed that is not clean has a
higher chance of migrating from the project site. Additionally, seed that is not clean may
contain weed seeds that got into the seed lot during the collection process and additional
organic material thus reducing the overall seed content per unit weight. Seed that is not
cleaned also tends to take longer to germinate as the agitation during the seed cleaning
process assists in breaking the hard seed coat and in turn, breaking dormancy.

As mentioned, most companies are usually not at either extreme on this continuum but
rather, somewhere in the middle. Seed producers that supply native plant seed are often
more familiar with their original seed sources versus a large production company that
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supplies agronomic species and/or sells seed wholesale. Regardless, these considerations
help guide vendor selection.

Limiting factors for procurement

Procurement is often the last thing that is thought about during the various stages of project
management; however, it is very important and should be considered in the initial phases of
the project. Firstly, it will save time and unnecessary work if the project manager and/or
environmental professional have an understanding of what species are available. The
Alberta Native Plant Council website hosts a list of vendors that supply native plant
material.

Secondly, becoming familiar with the species selection that is available is beneficial when
working on a project that requires restoration to a native plant community. Unfortunately,
some plant species may be difficult, if not impossible, to source and as such,
recommending these species in landscape plans can hinder project progress. Also, trying to
source plant species that are hard to procure may be counterproductive to the project.

When a particular plant species is onerous to procure, it may indicate that the species is not
effective for restoration work. If its establishment will not significantly increase the success
of the restoration and the health of the ecosystem, then it may not be worth the effort. If a
species is unavailable, ask the vendors why it is not available. Their reasons will provide
insight into the species biology and influence on the landscape.

In urban restoration especially, many later successional species get outcompeted and as
such, soil conservation and reuse along with activities that promote vegetation coverage,
may put the landscape on the proper trajectory to the desired vegetation community. Also,
depending on connectivity to other healthy landscapes, what is in the seed bank, how
fragmented the landscape is, soil conditions (The City of Calgary Parks 2019) and usage
pressure, a full restoration to a reference vegetation community may not be feasible or
warranted. In addition, using species that are hard to procure and/or costly with a low
likelihood of establishment may not be a wise use of resources. Instead, restoration to a
native plant community that is more pioneer or seral in nature may be the best option.

If restoration to a native plant community using later successional, less aggressive species
is desired, some of the challenges of using these species may be overcome if they are
planted in the form of mature potted material. This often makes them more competitive
versus seed and young plants as they are further ahead in terms of growth. For example,
foothills rough fescue (Festuca campestris) has a better chance of competing with non-
native Kentucky bluegrass (Poa pratensis) when mature foothills rough fescue plants are
used in restoration activities (Tannas 2010). In addition, potted material can be artificially
stressed or grown without supplemental maintenance such as watering so that it is more
tolerant of the climatic extremes in outdoor environments. This can be used to reduce the
amount of maintenance in order to establish this material.
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In some instances, seed germination is poor and growers can use plant hormones and
various other methods to artificially bring the seed out of dormancy. If the project calls for
some of these species that are difficult to propagate by seed, purchasing the plant as potted
material may be the easiest solution regarding procurement.

As previously mentioned, some species are difficult to procure and in certain instances, the
cost and high likelihood that they will not establish outweighs the environmental benefits of
their usage. Certain biological characteristics that make these plant species hard to grow
and propagate are outlined below.

e Species only grows in forested environments and therefore, collection access and
ease is limited.

e Species prefers indirect light and/or shade and as such, grows sporadically in areas
with woody vegetation making access difficult. Since the plants are widely spaced
apart due to their habitat preferences, this makes collection very labourious.

e Species is a warm season plant and seed matures on the stem into the fall and
winter. This makes collection difficult as frigid temperatures and dry vegetation
cause significant seed loss during collection. Also, seed is often dropped at
unpredictable times and as such, the majority of the seed is on the ground and not
available for collection.

o Plants set seed at different times and seed maturity is non-uniform.

e Plant species does not propagate well from seed (e.g., poor germination,
propagates more effectively vegetatively/asexually, etc.).

e Seed commonly suffers from disease (e.g., ergot).

e Species occupies a unique habitat type.

e Plant species does not flower yearly.

e Vegetative propagation has made a certain species susceptible to a disease or pest.

e Vegetative propagation tends not to produce viable plants.

¢ Not a lot of available information on the plant’s biology, habitat preference and
range.

¢ Plant species is generally outcompeted and replaced by other more aggressive
species in disturbed areas.

e Species is a decreaser (see definition and discussion below).

o The plant’s biology make collection difficult (e.g., short stature, seed pods/capsules
present, seed flies away easily, etc.).

e Species prefers historically disturbed habitats.

The points cited above that explain why a species is unavailable also support the argument
that open communication and constant dialogue between industry and plant propagation
specialists is very important, both environmentally and monetarily. Lastly, issues preventing
plant procurement also stress that restoration should be seen as a very long-term
endeavor. For example, a seral plant community may be restored; however, once this seral
community is healthy and land management practices are put into place in order to
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preserve its ecological functionality, restoration may put the plant community on a trajectory
to a later successional/climax plant community.

Section II: Initial considerations

Biophysical Impact Assessments (BIA) and
restoration plans

In the initial stages of project planning prior to breaking ground, an environmental review is
required in any areas that may disturb native habitats and/or rare species/species-at-risk,
are in potentially sensitive areas (e.g., waterbodies, wetlands, Natural Environment Parks,
etc.), are in or adjacent to Environmentally Significant Areas or that are large projects that
will cause changes in land use. The Biophysical Impact Assessment Framework (The City
of Calgary Parks 2010) provides a consistent process of review and approval. This
document guides environmental consultants to what level of scrutiny is needed based on
environmental triggers that correspond to three reporting levels. Generally, the level of
environmental review becomes more in depth as the complexity and size of the project
increases.

Rangef/riparian health assessments (Adams et al. 2016, Ambrose et al. 2009), Grassland
Vegetation Inventory and plant community guides can inform plant selection, as they
provide information on preferred vegetation as related to ecosystem health, vegetation
community responses to disturbance and plant community composition related to
successional stage. Regardless, in an urban environment, reference vegetation
communities are difficult to find. Also, restoration to a reference vegetation community may
be unrealistic depending on the site conditions. This is where a botanical inventory of the
site as part of the Biophysical Impact Assessment can provide information that can be
utilized in plant selection. This assessment is especially important when soils are to be
reused on site as the conservation of the seed bank will ultimately influence the final
vegetation community. The environmental review is also important in identifying what site
pressures are present that will influence the establishment of the vegetation. The
Biophysical Impact Assessment essentially informs the Habitat Restoration Project
Framework (The City of Calgary Parks 2014). City of Calgary Seed Mixes (The City of
Calgary Parks 2019) aids in implementing the seed mix design portion of the project while
City of Calgary Plant Lists supports the development of the restoration plan as a whole and
provides information to inform all plant selection indicated by The City of Calgary Parks
(2014).

Vegetation review

As previously mentioned, range health assessments are a beneficial tool that can be used
to guide plant selection within a restoration project. Broad terrestrial habitat types are
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outlined in Rangeland Health Assessment for Grassland, Forest & Tame Pasture (Adams et
al. 2016). At the most detailed level, these habitats are divided into plant community types
based on soil information and dominant plant species by the various Range Plant
Community Guides compiled by Alberta Sustainable Resource Development Public Lands.
Together, these documents interpret current land conditions and ecosystem health and
guide the management of these lands in regards to grazing activities. In an urban
environment, grazing activities can be somewhat similar and comparable to anthropogenic
disturbance. Although anthropogenic usage is not directly proportionate to grazing, many of
the results are the same such as soil compaction, erosion, weed colonization, disturbance
species colonization, etc. Due to these comparable outcomes, one can infer plant
community changes due to high human usage based on the outcomes of overgrazing.

Similarly to range health assessments, riparian (e.g., areas influenced by the presence of
water but not aquatic/open water) health assessments provide information related to
ecosystem health and how these areas change under the influence of grazing (Fitch et

al. 2009) (Ambrose et al. 2009). As mentioned above, human usage is not directly
proportionate to cattle grazing; however, changes in the landscape with increasing usage or
grazing are somewhat alike. Due to these similarities, previous pressures on the landscape
and future changes in the vegetation communities can be anticipated which can provide
guidance to the plant selection phase of the revegetation project. This information also
provides insight to the feasible level of revegetation/restoration (e.g., increasing complexity
and ecosystem function from reclamation to restoration).

Height

During the plant selection phase of a project, plant heights must be compatible at all growth
stages in order to ensure each plant species that is intentionally put into the landscape is
not outcompeted by another adjacent taller and more aggressive species. See City of
Calgary Seed Mixes (The City of Calgary Parks 2019) for additional guidance on
considering plant heights in seed mix design.

Although considering maximum height during plant selection is important, it is also crucial to
look at growth rates and potential plant stressors. For example, a certain plant species may
eventually surpass an adjacent plant in height but not for a long time as it is slow growing.
Also, depending on the project, a selection of desired plant species used in restoration may
be rather stressed whereas other plants on site may be growing vigorously. This
consideration is especially important in urban areas that tend to stunt plant growth due to
usage pressure and lack of soil volume.

Regarding plant heights within the vegetation community, it is also useful to determine what
existing species may be present in the project area with respect to the seed bank, roots and
rhizomes. These species, which may not be visible at the time of planting, could possibly
outcompete the other selected plant material.
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Cool season versus warm season grasses

Due to our climate, grasses are often quite dominant in the landscape and as such, they
tend to make up a lot of the vegetation used in restoration activities. Together they make a
plant community with other vegetation forms such as forbs, shrubs and trees.

It is important to know whether a grass species is a cool season or warm season grass.
This is defined as when the species begins to grow. Many cool season grasses tend to be
aggressive and early successional as they begin to grow early in spring during cool
temperatures. Warm season grasses do not start growing until temperatures increase in
the summer. Taking these differences, along with height, into consideration is important
when designing a restoration plan, as this will strongly affect the outcome of the plant
community. This can also save money in project costs as many warm season species are
often seeded but never actually come up as they are outcompeted before they even get a
chance to germinate. Similarly, if slow growing plant species are planted into an area with
aggressive cool season grasses, they will be outcompeted unless there were mitigation
measures put in place to prevent the cool season grasses from taking over the site (e.g.,
cool season grasses seeded at a low percentage by weight, plant material form, phased
seeding approaches, etc.).

Increasers versus decreasers

These terms are most commonly used in grazing management although they can apply to
plants in an urban context. Plants termed “increasers” tend to be less palatable to wildlife
and do not experience grazing or browsing pressure unless there is a limited supply of
more palatable species present for wildlife in the area. Increasers tend to exhibit
characteristics that prevent grazing and browsing such as awns (e.g., long spike-like
appendages) or thorns. In an urban context, these species also tend to increase under a
lack of natural disturbance regimes such as flooding and fire and also increase with
anthropogenic disturbance. Increasers tend to be more early successional and not as deep
rooted as decreasers. Graminoids that are increasers also tend to be cool season grasses.

Species termed “decreasers” are quite palatable to wildlife and are their preferred food so
they tend to get grazed and browsed extensively. These species also tend to fill a niche in
the ecosystem’s food web by providing food at times when other food is unavailable. For
example, many agronomic forage species were introduced into the region as they provide
early spring forage; however, their forage value decreases dramatically after early spring
(e.g., crested wheatgrass [Agropyron cristatum]). Decreasers usually provide food to
wildlife during critical times such as in winter. For example, foothills rough fescue (Festuca
campestris) holds its protein content in winter whereas other forages provide very little
nutrients in winter (Pavlick & Looman 1984). Unfortunately, as in the case of foothills rough
fescue, decreaser populations often decline when the environment lacks its natural
disturbance regimes and is under increased anthropogenic disturbance; therefore, if the
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site will likely support these decreaser species, it is important to include them in the
landscape plan.

The concept of increasers and decreasers is also an important characteristic to consider
when planning any type of restoration work. It can save costs and ensure that plant
material is appropriate and compatible as well as assist in project phasing and timing.

Storage

Storage considerations for plant material is an important component of the restoration
process. Generally, in order to save costs, one should store material at the vendor’s
location up until the material is required. Regardless, short term storage is often required
during the installation/planting phase. If storage plans are not made in advance, plant
material can die and as such, storage considerations prior to project initiation can alleviate a
lot of last minute problems and issues.

Live stakes for bioengineering

It should be noted that storage recommendations of the live woody stakes required in
bioengineering projects will not be discussed in depth within this document. Harvest and
storage of this material is out of scope for City of Calgary Plant Lists. Different species of
shrubs and trees have varying sensitivities during harvest and as such, storage of these
species differs in the sense that some species need to be kept entirely dormant before
staking while others can tolerate a slight break in dormancy. Since bioengineering is an
excellent tool for bank repair and flood resistance, it is recommended in multiple areas of
the city through The Riparian Action Program: A blueprint for resilience (The City of
Calgary 2017). A forthcoming document through Water Resources is going to outline
species specific methods for bioengineering along Calgary’s riparian areas.

Plant material that may be used in bioengineering will be noted in Appendix; however, since
there is still uncertainty regarding species specific methodologies, this document will
discuss these species at a high level. Once specific storage methods, timing limitations and
site variations are determined for candidate species, this document may be amended at a
future date to ensure that these details are captured.

In general, stakes that are harvested for bioengineering projects need to be harvested and
planted before the tree or shrub breaks dormancy. Depending on the species, they need to
be a certain diameter and there may be recommendations for the angle of the end cuts and
treatment of the exposed top. For projects that require stakes to be stored over the winter or
summer months, they need to be stored in conditions that mimic the environment such as
outside and with adequate moisture (e.g., buried in a snow drift). There are more complex
methods for storage that may involve inducing/maintaining dormancy but these again will
not be discussed in this document as standard methodologies are still under investigation
and development.
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Tall Rooted Stock (TRS) for bioengineering

TRS is another form of plant material that was developed recently for use in bioengineering
as a substitute for live stakes. Bioengineering is an excellent way to stabilize banks and
increase riparian health and flood resilience. Unfortunately, the use of live stakes in these
bioengineering projects has had mixed success, mostly because the stakes have to be cut,
stored and installed when they are dormant. Besides the challenges associated with
construction logistics, environmental factors can further complicate things such as when the
stakes need to be installed, the ground may still be frozen. Additionally, different woody
species also have different tolerances regarding breaking dormancy and successful growth.

TRS utilizes the same species used in live cuttings for bioengineering. The difference is that
the TRS is rooted using rooting hormone and then grown out for maximum root formation.
After the roots are well-developed, TRS is hardened off using less and less water in the
growing media to prevent shock during installation. Stakes are then installed in the same
way as bhioengineering with the exception that some backfilling of the stakes within the
larger planting holes is required to ensure roots are not damaged during installation and
that roots are in close contact with soil.

Due to this, vendors offering TRS generally store it until it is time to plant it so City storage
is not required. Also, since this method is quite new, the proprietary details are not
available. This is good in the sense that the product is coming from elsewhere so
contractors are not continuing to source live stakes along Calgary’s river valleys which have
been heavily impacted by the 2013 flood and the associated live stake harvesting that was
done to repair flood damage and increase resiliency. Similar to all other plant material used
in restoration, the source location should be as geographically close to Calgary as possible
and be from similar habitat types.

Seed

Generally, only short-term seed storage is required from anyone other than seed producers
and wholesalers so long term storage methods are not discussed. In addition, most
companies and organizations that do not produce or store seed as part of their business do
not have the capacity and financial ability to purchase the equipment required for long-term
seed storage (e.g., landscape contractors). Although freezing seed for long-term storage is
encouraged, this will not be outlined in depth.

Ideally, the vendor should hold the seed until it is required to ensure it is stored properly, as
any company in the seed selling industry should be outfitted with optimal seed storage
infrastructure. This can also save costs during project implementation by ensuring
germination is maximized and transport is minimized.

Although the storage of potted material is usually considered, short term seed storage is
often overlooked. It is very important to consider what the seed is stored in as well as how it
is stored. Generally, seed that is intended for and grown in terrestrial environments will
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remain viable when it is harvested under dry conditions and kept dry. Seed should be dry
when it is purchased; however, if it is stored in an area with high humidity such as a
basement, viability will tend to decrease due to the ability of seeds to pick up moisture from
the air. Increasing seed moisture contributes to seed death by increasing metabolic
activities and respiration, heating and weakening the seed and therefore making the seed
susceptible to fungal infection (Elias et al. 2017). Fortunately, Calgary has a fairly dry
climate with low humidity. In areas where the outside conditions are cool and dry, viability of
seed is maintained through storing in packaging that allows for air exchange. This prevents
the seed from molding and maintains dormancy. In areas with high humidity, sealed
containers that prevent the influence of outside air on the seed are encouraged; however, in
the Calgary area, storing seed in a cool, dry environment within a breathable packaging
such as a woven bag or paper bag is ideal. A storage container that does not have high air
humidity and is temperature-regulated is preferred. High humidity in the Calgary area will
generally only occur in basements or in areas next to waterbodies and watercourses. The
ideal conditions for seed storage consider both moisture and temperature as the
temperature in degrees Fahrenheit plus the humidity should be less than 100.

As with every living species, characteristics vary between species and among species.
Seed viability (e.g., alive and capable of germination) versus storage time is no exception
as plant species will exhibit different limitations in the length of how long they can be stored
before seed essentially becomes dead. For recommended longevity guidelines, consult with
City of Calgary Seed Mixes (The City of Calgary Parks 2018).

Another storage issue is consumption of seed by wildlife. This can be a problem, especially
in the winter months, when other food is unavailable and a large cache of seed is
irresistible. Mice are very good at squeezing into the tightest areas so it is important for the
storage location to be very secure without any openings such as small cracks under the
doors, etc. Mice easily chew through seed bags but mice predation can be minimized by
secondary containment such as storing seed bags in sealable containers. Once mice get
into stored seed, they can eat a substantial amount and the seed becomes contaminated
with mouse droppings which can pose a safety risk when seed is handled.

Potted plants

Potted/container material refers to plants grown in equal to or greater than 1 gallon pots.
Similar to seed storage, potted plant material should be stored with the grower for as long
as possible. Ideally, plants should be delivered to the project site to minimize transport time.
During relocation, plants often will be stressed through improper temperature, lack of water,
lack of light and ethylene buildup. Ethylene is the gas responsible for ripening soft fruits
such as peaches, bananas and plums. This gas can build up in closed environments and
prematurely age plants.

Although transport to the project site is ideal, it is often not feasible. Due to this reason,
many contractors and environmental professionals who perform landscaping work require a
space for temporary potted plant storage.
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Plant storage should typically mimic the conditions that they will be planted into in order to
reduce shock and mortality. For this reason, outside storage areas for restoration species
are ideal; however, they can provide some challenges as they may not be in ideal locations
(e.g., Parks Depot parking lot, etc.). There are things that can be done to ensure that the
temporary storage areas are more hospitable for plants. In order to lessen stress on stored
plant material and properly care for them, these areas must ensure that the plants:

o Can be watered appropriately. For example, hose length and nozzle attachment
should ensure that all plants in the area can receive moisture and that they are not
damaged by water pressure (e.g., misting or shower nozzle);

¢ Are maintained at an appropriate temperature. In very sunny hot areas, a shade tarp
may keep the plants from drying out and, depending on the plant material, prevent
sun damage;

e Can be regularly inspected. This can help detect pest issues and may help put a
watering schedule in place;

e Are protected from vandalism and theft; and,

e Are protected from predation from wildlife, if possible.

Plugs

Most plants in “plug” form (e.g., small potted plants 2” by 2” or less that are rooted in soil)
are stored the same way as potted because the plants are grown similarly, except just in
smaller pots. The disadvantage of plugs is that they tend to dry out quicker as there is less
soil volume and due to that, they need to be regularly inspected as they become dry
quickly. Plugs may have some advantages in the sense that many of them are grown in
containers that resemble test tubes, sometimes termed as root trainers. This method
optimizes the root depth and as such, contributes to the survival rate of plantings as roots
can access more moisture deeper in the soil profile.

It should be noted that plugs do take time to mature and that they may require a few years
in order to reach an average adult plant height and produce flowers. The benefit with
smaller potted stock is that they do not go into shock as readily as larger potted material.
This increased survival of smaller potted material has been the case during restoration
projects in Calgary, especially involving woody material.

Due to the small size of plugs, they can be easily overlooked and may be accidentally
mowed or trampled if the storage area is not well delineated. They also may get
overwhelmed by weeds due to their small size.

Plugs are also very susceptible to mortality by grazing. As they are very small plants with an
underdeveloped root system, they may not survive being grazed before they have had the
chance to mature.

Depending on the packaging of the plugs, short term storage may not require much labour;
however, storing material to reduce normal plant care has to be very temporary in nature.
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Many of the tree plugs meant for reforestation and rapid replanting are similar in shape to
the plugs grown in root trainers; however, they are packaged in material that allows them to
be shipped and stored in boxes for 1-2 weeks. Soil is contained in packaging that retains
moisture and boxes are wax lined to maintain humidity. Plant material can be stored
horizontally in boxes and often does not require added moisture; however, since the plants
cannot photosynthesize due to the lack of light, storage time should be minimized.

Bare root material

During planting activities, up to this point, bare root material has not been used by Parks,
Urban Conservation. This statement does not include activities performed by Urban
Forestry, which often work with larger more mature trees in the built environment,
developers and other environmental professionals involved in tree planting within Calgary.

Due to the high mortality rate of larger trees in restoration projects within Natural
Environment Parks, smaller woody material stock is primarily used such as plugs or 1-2
gallon pots. This is the reason why bare root stock has not been utilized in these situations.

Bare root stock applies to woody plant material that is not stored in soil such as potted
plants but that contains the roots, unlike the live stakes used in bioengineering. This plant
material is harvested in late fall by digging out the plant, shaking off the soil and stored
lightly frozen for the following year (Sherwood’s Forests 2018). The advantage of bare root
stock is that it is lighter and easier to ship. In addition, trees are larger and are usually 2
years old although they may be as old as 4 years. Although the trees and shrubs are larger,
the roots lack root hairs and these will need to be regrown so that the plant can establish at
the destination site. Unfortunately, plant mortality is quite high using bare root stock and the
plants need to be in soil within a couple days of arrival (Sherwood’s Forests 2018). If the
timing is not conducive to planting right after shipment, plants may be stored in a cold room
just above freezing. Alternatively, roots can be kept moist and covered in compost or
sawdust.

Bare root stock can be advantageous in the sense they need to be planted right away while
they are still dormant, similarly to live woody stakes used in bioengineering. This can allow
for projects to proceed earlier than the last frost free night in Calgary which usually falls
around the long weekend in May. Unfortunately, ground thaw may become the other
challenge during the planting phase as bare root material should not be planted in frozen or
water-saturated spring soils (Fowler Nurseries 2010). These reasons indicate why potted
material is used over bare root stock in restoration activities.

Other methods of propagation

Bulbs, rhizomes, tubers and corms are all methods of nutrient storage utilized by plants so
that when the right conditions occur, plant growth can begin. Examples of plants that use
this as a survival and growth mechanism are grasses, lilies, onions and tulips. For planting
grasses, the most common method used is seeding but in some circumstances where
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germination is difficult and/or the grass tends to outcompeted at an early growth stage,
plugs are used. If rhizomes are a characteristic of the plant species, they may be developed
within the soil already and spread further after planting. Native white prairie onion (Allium
textile) and nodding onion (Allium cernuum) are planted as plugs although the bulb is
present inside the soil. Our native prairie crocus is in a different family than the European
crocus and spreads by seed, not bulbs, so adding this wildflower into the landscape does
not involve the use of bulbs.

Floral displays within Calgary often include species that are planted using these storage
methods; however, floral displays and land management are very different. As this
document focuses on revegetation in areas that are not heavily maintained, floral displays
are not within the scope of this document. This is why storage considerations for bulbs,
rhizomes, tubers and corms are not discussed in depth within City of Calgary Plant Lists.

Very generically, these structures are stored when dormant in a dark dry place within an
organic medium that prevents rot and water uptake prior to being planted. They cannot be
dried out to the point of complete desiccation or else they will die; however, they cannot be
wet prior to planting as that will cause rot. It should be noted that some of these structures
require a cold period in order to trigger flowering (e.qg., tulip bulbs).

Since plant material for restoration activities is not procured in this manner, storage in this
instance is not discussed further.

Section IlI: Methods
Plant compatibility

It is very important that the contractors be familiar with the restoration plan and accurately
follow it as sometimes slight adjustments or incorrect assumptions can cause project failure.
In the Appendix, plant lists per habitat type and desired outcome are provided which will
assist personnel that are involved in any type of revegetation work for The City of Calgary.
In addition, the Initial considerations section provides information that will aid in the
preparation of restoration plans to ensure that plants are compatible with one another. It
should be noted that plants cannot be randomly selected from the lists in the Appendix in
order to inform a project plan. The lists are meant to provide a resource, especially
regarding restoration in the urban environment; however, site specific planning and
experience in restoration is always required to be effective in land management and
projects dealing with the living environment.
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Vegetation community

Considering all Strata Layers

Using seed is not just for restoring grasslands while using woody material is not just for
restoring shrubland and forested areas. In natural reference vegetation communities,
shrubs are found in healthy grasslands and graminoids are found in healthy forests while
many combinations occur in transitional areas and shrubland. Using this logic, a
combination of seeded and planted material is most effective in restoration projects,
especially when they include many plant species. Conversely, planting appropriate potted
material in grasslands can add biodiversity and provide the grassland with the low shrub
strata layer that it would naturally have. Planting potted graminoid material may also provide
the desired species for a vegetation community that is dominated by grasses that are poor
competitors. For example, certain grasses may be outcompeted when planted as seed such
as Parry’s oat grass (Danthonia parryi) or foothills rough fescue. When planted as potted
specimens, usually in plug form, they tend to lend cover to the site (Tannas 2010).

If the goal of the project is to replicate a complex vegetation community w