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Abstract

Parks Canada helped to restore the biodiversity of Banff National Park by reintroducing a
herd of plains bison into Banftf’s backcountry in 2017. Questions remain as to how bison might
use the landscape and how their choice of what parts of a landscape to use might affect creatures
already present there. I used remote sensing and GIS to examine how topography, the history of
fire, and ecosystem type affected the odds of the Banff bison inhabiting parts of their
reintroduction zone. | also used acoustic bird surveys, and vegetation structure and composition
surveys to examine if changes to vegetation might influence the overall abundance and species
richness of the bird population of the reintroduction zone.

Bison were most likely to inhabit areas of the reintroduction zone that were on flatter
terrain, closer to water, frequently burned, and that were in a grassland/shrubland ecosystem. The
percent coverage of forbs increased with increasing bison usage. The percent coverage of mosses
was found to increase with increasing bison usage in forests but decreased with increasing bison
usage in grassland/shrublands. The overall bird population was associated with a decrease in
areas most used by bison.

These results show that the prescribed burn program in Banff National Park can create
good habitat for bison and encourage them to explore the landscape. Burns will create critical
habitat for disturbance-tolerant species and bison will help to maintain these disturbed patches.
These results also show how birds sensitive to disturbance by bison may decline in the early
stages of a reintroduction and that the lack of an effect on species richness may be because
disturbance-tolerant birds need more time to find this new habitat. Expanding the bison
reintroduction zone in the long run would be advantageous as managers work to restore bison as

a force that encourages biodiversity within the Canadian Rockies.



Chapter 1: Introduction

Research Background

Global biodiversity continues to decline at an alarming rate and while progress in curbing the
decline has been made, bold new methods are needed to prevent any further loss (United Nations
Environment Program, 2020). Maintaining what biodiversity we do have left through actions like
preserving critical habitat for endangered species and restoring the keystone species that once helped to
maintain that habitat can form a key component in halting the loss of worldwide biodiversity (Menz et al.,
2013; Maehr et al., 2001). There are many examples of such restorations occurring around in North
America, with the reintroduction of ecosystem engineers like beavers, grey wolves, and plains bison
(Truett et al., 2001; Wilmers et al., 2003; Hood & Bayley, 2008). These species provide benefits to the
environments they inhabit far beyond their just being present within them and can greatly enhance areas
that they’re restored to (Truett et al., 2001; Wilmers et al., 2003; Hood & Bayley, 2008).

Plains bison (Bison bison bison) were once widespread across North America, with a range that
extended as far west as the American Rockies to modern-day Washington D.C. (COSEWIC, 2013). The
overhunting of the plains bison in the 18th and 19th century to feed the demands of both the fur trade and
burgeoning settler population, as well as deliberate extermination by governments to dissmpower
Indigenous Nations, led to a nearly complete extirpation across their former range, with numbers
dropping potentially as low as 88 animals across the entirety of North America in 1888 (COSEWIC,
2013; Kolipinski et al., 2014; Taschereau, 2020). Conservation efforts in the late 19th century helped to
conserve the species from a population of about one thousand, and in the last one hundred years land
managers have changed focus from simply preserving the species to reintroducing plains bison across
North America (Hornaday, 1889; Kolipinski et al., 2014). The Banff National Park plains bison

reintroduction is a recent and unique example of these efforts as it is a reintroduction of plains bison into



a subalpine environment on the edge of the species’ range as it existed three hundred years ago (Skinner
& Kaisen, 1947).

The Committee on the Status of Endangered Wildlife In Canada has assessed plains bison as
Threatened in Canada, though the species is not listed under the Species at Risk Act (COSEWIC, 2013).
Plains bison are important symbols of plains First Nations and Métis culture and restoring the species has
great symbolic and practical value for Nations looking to assert their rights to their lands (Kolipinski et
al., 2014). Bison conservationists helped to preserve the species through breeding programs and protected
areas in the 20th century, and there are now calls to increase the number of herds and the areas in which
they roam (Buffalo Treaty, 2014; Duckett, 2022). Bison have become such an important symbol of
successful conservation that they were made the national mammal of the United States of America in
2016 (National Park Service, 2017).

Many plains bison herds today are typically small, managed on small (< 10000 acres) areas and
are unable to roam freely (Aune et al., 2017). Bison that are raised for meat production are not subject to
natural selection, and their conservation value has been questioned (Aune et al., 2017). This is of
particular concern when we consider that roughly ninety five percent of the current plains bison
population exists in herds raised for meat production (Boyd & Gates, 2006). Gross and Wang (2005)
found that an effective population size of 1000 plains bison was needed in a herd to have the best odds of
maintaining genetic variation in the long term. Herds will benefit from containing more than one thousand
individuals, as an effective population size estimate does not account for factors like uneven sex ratios or
variation in reproductive success (Caballero, 1994).

Large (N> 1000) herds present on large landscapes (> 10000 acres) subject to natural selection
are of high conservation value, as these characteristics more closely resemble the conditions that plains
bison would have historically been subjected to (Aune et al., 2017). As of 2017 there were only two
plains bison conservation herds with populations greater than one thousand individuals (Aune et al.,

2017).



Because plains bison modify the environments that they exist within through grazing, the effects
of a reintroduction into an ecosystem should be carefully monitored (Nickell et al., 2018). Understanding
these effects may provide benefits for future reintroductions of other large herbivores into montane
environments (Steenweg et al., 2016). The impacts of plains bison are not homogenous in distribution and
bison choice for where they will spend time on the landscape by abiotic factors like the fire history, slope
of the landscape or the distance of a grazing patch to the nearest water source, as well as biotic factors
such as interactions with other grazing species (Allred et al., 2011; Pearson et al., 1995). Understanding
where and how plains bison choose to use the landscape can have important implications. For example,
changes to vegetation structure from cattle grazing at different intensities has been shown to impact bird
species that are habitat dependent on vegetation structures (Davis et al., 2019).

Bird populations are sensitive to changes in the ecosystems they inhabit (Gregory & Van Strien,
2010). Two examples of these within Banff National Park are the Olive-sided Flycatcher (Contopus
cooperi) and the Common Nighthawk (Chordeiles minor), both of which are listed as at-risk species
(COSEWIC, 2018; Environment Canada, 2016). A mix of closed-canopy forests and disturbed, open
patches within those forests form critical habitat for both species (COSEWIC, 2018; Environment
Canada, 2016). Habitat loss due to a lack of natural disturbance on the landscape has been noted as a
threat for both species and restoring historical disturbance regimes will form part of their successful
recovery in the future (COSEWIC, 2018; Environment Canada, 2016).

Whitehorn et al. (2013) noted that dry forests in the Northern Rockies region are expected to
expand to higher elevations because of climate change, reducing habitat for bird species dependent on
open habitats. Plains bison were known to have historically ‘held back’ aspen forests in conjunction with
disturbances like fire in the parkland region of Alberta by consuming sapling shoots and through usage
intensity like trampling, horning trees, and wallowing (Campbell et al., 1994). The presence of large herds
of bison, along with the restoration of the fire regime to the landscape, may help to mitigate forest
expansion in the Rockies and maintain a heterogenous mix of open, disturbed habitats alongside old

growth, closed canopy ones. In January of 2017 Parks Canada introduced a herd of 16 plains bison into



Banff National Park to, in part, help restore these processes that had been absent from the landscape since
bison were extirpated in the 19" century. These plains bison were introduced from the prairie pothole
ecoregion of Elk Island National Park and there are questions as to how they will adapt to a more
mountainous environment (cite elk island). For example, what parts of the landscape will be used most
often by bison and how might creatures sensitive to disturbance, such as songbirds, respond to the

presence of these large ecosystem engineers?

Reintroduction Area

Climate and Vegetation

The plains bison reintroduction area is a 1200 km? region located in the Northeast section of
Banff National Park, Improvement District Number Nine, Alberta, Canada (Banff National Park, 2020a).
It is centred around the Panther and Dormer River Valleys and extends from 51° 44' 39.84" N, 115° 55'
46.56" W to 51° 21' 10.08" N 115° 33' 32.04" (Banff National Park, 2020a). The reintroduction area is
located entirely within the subalpine and alpine ecoregions of the park, which range from dense forests at
low elevations to barren rock and ice as elevation increases (Banff National Park, 2020b). Banff National
Park is classified as a continental, no dry season, regular subarctic climate (Dfc) under the Koppen
classification system and its vegetative communities are influenced by cool summers, cold winters, and an
arid 472.3 mm of precipitation per year (Peel et al., 2007, Environment Canada, 2020).

The subalpine ecoregion, which starts between 1300 - 2300 meters in elevation, can be
subdivided into the lower and upper subalpine (Alberta Parks, 2014). Both ecoregions contain isolated
stands of Subalpine Fir and Engelmann Spruce trees in between open meadows (Gadd, 2009). Trees are
shorter and the tree stands sparser as elevation increases through the upper subalpine until the treeline is
reached, past where no trees can grow, and marking the start of the alpine ecoregion (Gadd, 2009). The
forested stands in the subalpine have slowly been expanding in the last century as open meadows are

encroached upon by woody vegetation (Stockdale et al., 2019). The absence of grazing by bison and other



large ungulates, as well as fire control efforts over the preceding century largely explain these changes
(Kay & White, 2001). Miller & Halpbern (1998), for instance, found that the effect of grazing on
reducing tree establishment in the subalpine was only significant at high grazing intensities. It follows
that the loss of large herbivores and increasing fire control efforts in the last century has promoted the
expansion of woody vegetation in this ecoregion (Miller & Halpbern, 1998; Coogan et al., 2021).
Subalpine ecosystems are sensitive to smaller-scale disturbance, and so when keystone species like bison
are reintroduced, they may produce strong local changes in areas in which they roam. (King & Brewster,
1978).

The alpine ecoregion is the land above the treeline which starts between 1900 - 3650 meters and
ranges from open meadows at lower elevations to rock and ice at higher elevations (Alberta Parks, 2014;
Gadd, 2009). Vegetation in the alpine has been shown to be highly nutritious and forms an important part
of the summer diet in ungulates like bighorn sheep (Johnston et al., 1968). Alpine plants grow rapidly to
maximise the short growing season, with grasses forming a more nutritious early summer food source in
June, and sedges and dicots forming a more nutritious late summer food source in July and August
(Chapin et al., 1975). Morgantini & Hudson (1989) found that migratory elk herds living on the Eastern
Rockies of Alberta would migrate seasonally to alpine areas that contained this more nutritious forage.
More specifically, in the Panther and Red Deer River drainages of Banff National Park these migratory
patterns were reflected in the movements of several elk herds (Morgantini, 1988). While it is important to
note that not all elk were migratory, and that the movements of those that were may have been motivated
by other factors, the nutritional value of those alpine plants may still act as motivation for ungulate herds
to climb into the alpine (Morgantini, 1988). In Montana, bison herds were found to exhibit a similar
migratory pattern, moving to the upper slopes of the mountain environment in the summer and the valley
bottoms in the winter (Van Vuren, 2001). If herds do make the climb, there is a small window to consume
these plants and thus competition to access these areas may be high between extant and reintroduced
ungulates, as prior work has demonstrated moderate overlap in bison and elk diets and high overlap in

bison and Dall sheep diets (Jung et al., 2015).



Fire Regime

Most North American ecosystems, including those in grasslands and mountains, evolved with fire
as a natural part of their ecology (Wright & Bailey, 1982). With the arrival of humans in the Banff area
roughly 13,000 years ago, the fire regime was maintained and augmented by Indigenous peoples, who
regularly set fires that helped to maintain a more heterogeneous patchwork of ecosystems in mountain
landscapes (Anderson & Barbour, 2003; Landals, 2008). Part of the motivation for Indigenous burning
also extended to hunting opportunities as herbivores like plains bison, elk, and deer would be attracted to
the nutritious and rapidly regrowing plants (Arthur, 1974; Hind, 1971: Vol. 2-107). Decades of fire
control by European settlers across the continent have led to dense forests expanding across the landscape
that are at greater risk of disease and catastrophic fires (Wright & Bailey; 1982, Steel et al., 2015).

The subalpine ecoregions of the Eastern Slope Rocky Mountains have been governed by a 90-
year fire cycle since a shift into a warmer and wetter climate occurred circa 1730 (Johnson & Larsen,
1991; Rogeau & Armstrong, 2017; Coogan et al., 2021). These cycles can vary in different regions of the
Rockies, however, as fire return intervals are also influenced by factors like elevation and slope aspect,
with lower elevations and warmer southern and eastern facing slopes typically experiencing shorter fire
return intervals (Rogeau & Armstrong, 2017). Studies on fire in grassland regions have reported that fires
occurred less often on slopes and led to increasing forest coverage when compared to lower
elevations/gradients (Collins & Calabrese, 2012). Though it has been suggested that slopes above valleys
with a higher burning potential may share that potential due to the tendency of fire to spread upslope (Kay
et al., 1999). Knowing where, when, and how intensely a fire burns in a region is an important part of
understanding plant community dynamics and, likewise, how forage availability may differ following a
burn (Bushy, 2020). Previous work has shown that woody vegetation decreased, herbaceous plants
increased, and forage available to elk herds in Banff National Park was significantly higher following

prescribed burns (Sachro et al, 2005).



Stahelin (1943) found that it typically took between 50 and 100 years for a subalpine forest to
recover to a pre-disturbance state after a fire. However, he also noted that this would occur only under
certain conditions where enough seeds from the original stands survived the fire, and that regeneration to
communities more resembling aspen parkland or grassland ecosystems were also possible over similar
time scales (Stahelin, 1943). Reed et al. (1999) reported that nine years after a fire, the net primary
productivity and leaf area index of younger, recovering lodgepole pine stands in Yellowstone National
Park had reached levels nearly equivalent to what they were prior to the burn, and thus some vegetation
types within an ecosystem may recover more rapidly than others. In the boreal forests and taiga of the
Northern Prairies and Northwest Territories, similar studies of net primary productivity have shown
recovery times of about 15-20 years following a fire (Amiro et al., 2000). It follows that in an ecosystem
as sensitive to local change as the subalpine, it is of critical importance to understand how ecosystems
recover from fire and how they may interact with other disturbances like those caused by bison to
influence their post-recovery stable state (King & Brewster, 1978; Collins & Calabrese, 2012).

For instance, old forests tend to have dense canopies that reduce the ability of understory to grow
due to lower amounts of solar radiation penetrating through the trees above (Simonson et al., 2014; De
Grandpré et al., 2000). Disturbances from forces like fire or bison open these canopies and allow for
vigorous short-term regrowth of the understory, creating habitat for species that would not have inhabited
those spaces before (Simonson et al., 2014; De Grandpré et al., 2000). Fire itself may be critical in
allowing bison to consume plants in very densely vegetated areas as a study by Tarleton & Lamb (2020)
found bison in Riding Mountain National Park were reluctant to enter areas with tall, dense shrubs if
those areas had not been burned. This opening up of these spaces leads grazers like bison to return to
those burned patches to consume this regrowth, often consuming or trampling young trees and preventing
the forest from re-establishing itself and creating more open patches of land (Miller & Halpbern (1998);
(Kay & White, 2001).

Many of the subalpine forests in Banff National Park have historically been a part of a 90 to 100-

year fire cycle that was characterized by several shorter, low-intensity burns set by Indigenous peoples to



encourage good grazing for game species in addition to less frequent lightning-sparked fires (Parks
Canada, 2021). The region within which the bison herd is located has been identified as an area for
“extensive” fire management, where fires will be managed for ecological benefits due to the low

visitation this section of the park receives (Parks Canada, 2021).

Plains Bison Conservation

Plains bison are perhaps one of the most iconic and enduring examples of conservation in North
America. For many Indigenous Nations, plains bison form part of the understanding of how the world
was formed, with teachings across many Indigenous cultures of humanity being descendants of the bison
and that bison were the only reason humans were able to sustain themselves and survive (Zontek, 2007).
Indigenous oral histories often reflect the archaeological record and provide insight into how significant
and ancient the relationship of these Nations is with the bison (Zontek, 2007). As this relationship grew,
so too did Indigenous understandings of bison ecology, how they impacted the plants and animals that
existed around them, and how to sustainably harvest the species (Zontek, 2007). A perspective shared
widely throughout the Blackfoot Nation is that of the plains bison being a non-human relation, and that
people would return the gift of being able to harvest the animals for their meat through reciprocal actions
like deliberate burning of fields to create higher quality forage (Oetelaar, 2014). This relationship began
to be challenged with the beginning of the fur trade, as Eurocentric perspectives on bison as resources for
profit and distinct from humans were introduced to Indigenous communities (Oetelaar, 2014).

Plains bison were first recorded by Europeans in the late 1500s, with later explorers in the early
1800s reporting herds of tens of thousands of animals roaming across the great plains (Hornaday, 1889,
Ambrose, 2003). Pre-European contact estimates of the population of plains bison in North America
range from thirty million to as many as one hundred million and this number is estimated to have declined
to the low millions following the end of the American Civil War (Shaw, 1995; Barrett & Markowitz,
2004). This decline was spurred on by the introduction of the horse to the great plains in the 1700s as

Indigenous hunters became more efficient, allowing Indigenous Nations to expand both their populations



and their ability to trade with Europeans (Cunfer & Weiser, 2016). Pressure on plains bison populations
only increased through the 19th century as demand from settlers and the fur trade industry increased
(Taschereau, 2020). In a final effort to disempower the Indigenous peoples of the plains, understanding
both the importance of plains bison to their way of life and the tremendous decline bison populations
were experiencing, colonial governments heavily incentivized white hunters to kill as many plains bison
as possible, with estimates of three thousand hides per day taken between 1872 and 1874 in the US alone
(Hamalainen, 2019).

In the early 1870s, a small herd of bison was conserved by two men of the Pend d’Orielle
Nation, Atatitsa and Latatitsa, who worked alongside Salish First Nations to maintain the species after
noticing the population decline over decades of hunting in the Eastern Rockies (Tascherau, 2020). The
land the herd was kept on was seized and broken up by the US government in 1904, and the herd’s
caretakers sought out a new home for the plains bison (Tascherau, 2020). The herd was purchased by the
Canadian government and brought from their reservation in Montana and into EIk Island National Park in
an act heavily motivated by a growing desire to conserve what few bison were left (Tascherau, 2020).
However, bringing the herd under government control recontextualized the plains bison from Indigenous
into Eurocentric ideas of conservation (Zontek, 2007). The EIlk Island herd grew over the following
decades and soon the Canadian government began to transfer plains bison out of the park and into other
conservation areas, including the transfer of sixteen plains bison into Banff National Park in 2017
(Zontek, 2007; Tascherau, 2020).

Modern day bison conservation is often carried out in a partnership between governments and
Indigenous nations, and the species is also cultivated by ranch owners, though bison raised by ranchers
are not subject to the forces of natural selection as they are on conservation land (Aune et al., 2017,
Zontek, 2007). Despite this, the area in North America in which plains bison exist today is less than 1
percent of what it was at its maximum extent, highlighting the needs not only to continue to conserve the
species, but also to expand their current range through reintroduction projects (Sanderson et al., 2008).

Currently, the priority for plains bison conservation is to establish herds with populations above one
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thousand that can roam without borders on large parcels of land (Aune et al., 2017). Providing the ability
for a large herd of plains bison to roam unrestricted over a landscape of 1200 km? in a mountain
environment will be a key step in achieving that goal (Parks Canada, 2013). Plains bison represent a
species that is ecologically, symbolically, and economically important for settlers, and one that is
intricately tied to identity, history, and healing for Indigenous peoples (Kolipinski et al., 2014; Haggerty
et al, 2018). Working to restore the species to large parts of its former range where they may roam
unhindered is not merely of ecological interest to Banff National Park, but also speaks to the historical
and cultural ties of those who have lived and continue to live within its borders (Kolipinski et al., 2014;

Parks Canada, 2013).

Research Context

The 2010 Banff National Park Management Plan called for an assessment of the feasibility of
reintroducing plains bison to the park as a long-term conservation goal (Parks Canada, 2010). Indigenous
oral histories as well as archaeological evidence tell us that plains bison were present in the park for at
least part of the year and likely would have greatly impacted the ecosystems around them (Kay & White,
2001). Restoring the species to the park would bring back an animal of great cultural, historical, and
biological significance to Banff. Preliminary work included development of a habitat suitability index that
identified a potential 1200 km? reintroduction area within the park borders (Steenweg et al., 2016). The
reintroduction process has not been performed strictly through a purely western scientific approach;
rather, it has benefited from the knowledge and experience of Indigenous leaders who continue to be
instrumental in ensuring the project’s success (Taschereau, 2020).

In January 2017, Banff National Park began a 5-year pilot project to assess the viability of a
plains bison herd within the reintroduction area (Heuer, 2019). Elders from Treaty 6 and Treaty 7 Nations
held a communal ceremony to prepare the bison for their journey into their new home (Taschereau, 2020).
Following the ceremony, sixteen plains bison were brought from Elk Island National Park and placed into

a holding pasture in the Panther-Dormer valley (Heuer, 2019). In July 2018, the pasture was opened, and
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the herd was released into the reintroduction area, and as of 2022 are free roaming with a population of 88
(Heuer, 2019; Ellis, 2022). A hazing zone was established around the reintroduction area to act as a buffer
for plains bison to be turned around should they roam too close to unprotected provincial lands or less
suitable areas of the park (Heuer, 2019). This zone is defined by a set of wildlife fences that stretch across
the mountain valleys and rivers at the borders of the reintroduction zone (Laskin et al., 2020). These
fences are frequently checked by Parks staff for any damage and can be reconfigured to allow for easier
transit for other wildlife when the herd is far away from the fence itself (Laskin et al., 2020). The pilot
project concluded in 2022, showing that Banff National Park was a landscape within which bison could
successfully exist and recommended that bison continue to remain on the landscape under the close
monitoring of park staff (Banff National Park, 2022).

The report on the plains bison reintroduction noted that the herd experienced a 33% growth rate
per year with a natural mortality rate below 1% per year and that even at a more conservative 20% growth
rate the bison herd would reach more than two hundred animals within the next 8 years (Banff National
Park, 2022). This growth rate and the potential to sustain large numbers of animals on the landscape is not
unprecedented as Steenweg et al. (2016) predicted that the reintroduction zone could support between 600
and 1000 plains. With so many animals potentially occupying the landscape in the years to come it is
important to build an understanding of what drives bison to spend time on different parts of the landscape
and predict how they might modify those places they use most frequently and manage bison so that they
enhance and restore habitats and provide ecological benefits for other species.

As part of the reintroduction’s ongoing ecological monitoring component, songbird populations
within the reintroduction area were sampled for three years prior to the reintroduction and sampling is
ongoing (Heuer, 2019). Assessing the impacts of the bison reintroduction on other species as well as on
abiotic factors such as stream quality were also tracked as part of the five-year pilot project (Heuer, 2019)

My research first investigated whether a patch was burned, how frequently that patch was burned,
slope steepness, distance to water, and ecosystem type would affect resource selection by the Banff bison

herd. My research also continued the bird monitoring program started by Parks Canada for the pilot
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project (Heuer, 2019) and built upon it by assessing how vegetation structure, and vegetation composition

may influence the total abundance and diversity of bird populations at different usage intensities.

Research Purpose

The purpose of this research was to develop an understanding of what factors influence plains
bison resource selection and how different usage intensities from that selection impacts the total
abundance and diversity of bird species through changes to vegetation structure. This research helped to
provide managers in Banff National Park and in other jurisdictions insight as to what factors influence
plains bison to select for some parts of the landscape over others, and what the effects the plains bison are

having on bird and vegetation communities within sites they use at varying intensities.

Research Objectives

1. Determine how slope, fire history, habitat type and distance to the nearest waterbody influence
plains bison resource selection.
2. Determine whether increasing levels of bison usage influence vegetation structure, vegetation

composition, and bird communities dependent on that vegetation structure.

Research Predictions

I predict that bison will show a preference for habitats that have been burned, that they will not be
limited by slope and distance to water, and that they will show a preference for grasslands and shrublands
over forests. | also predict that increasing bison usage will be associated with a decline in understory
height, vegetation density, and grass coverage and be associated with an increase in the percent coverage

of forbs and non-vegetated material.
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Chapter 2: Investigating how Fire, Landscape Type and
Topography Influence Site Selection in a Reintroduced Plains Bison

Population in Banff National Park

Abstract

Plains bison and fire are the two major disturbances that governed the ecology of the Great Plains
over the last 13000 years. These forces worked together to hold back forests and expand grasslands across
the historical range of plains bison in North America, including the Canadian Rockies. The reintroduction
of fire through Parks Canada’s prescribed burning program and the reintroduction of plains bison to the
ecosystem of Banff National Park offer an opportunity to see both disturbance regimes influence the
landscape once more. Using GPS collar data obtained from thirteen members of the Banff bison herd,
remote sensing and generalized estimating equations | examined how whether a patch was burned, how
often it was burned, topography, and land classification affected resource selection by the reintroduced
herd of plains bison in Banff National Park. Bison spent significantly more time in patches that had
burned more than ten times since 1909, and patches that were in areas classified as a grassland or
shrubland. Bison selected sites located within eight hundred meters of a waterbody and on slopes below
11°. Fire remains an important force for governing where and how bison will spend their time on the
landscape and can create excellent grazing conditions for them. Continuing the prescribed fire program in
the bison reintroduction zone will be critical in encouraging the bison to select for habitat in new areas

and create a more heterogenous habitat across the landscape.
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Introduction

Over the last thirteen thousand years the Great Plains of North America have been governed by
two forces: fire and disturbance by large ungulates (Axelrod, 1985). These forces created a diverse
landscape which increased in biodiversity through changes to the structure and composition of plant
communities (Fuhlendorf, 2009). Both fire and disturbances from animals like bison are necessary to help
maintain a diverse and stable grassland ecosystem (Collins & Calabrese, 2012). Borman (2005) suggested
that unregulated grazing paradoxically contributed to the conversion of Ponderosa Pine Grasslands to
dense, homogenous stands across the Western United States as grazers reduced the fuel load of
herbaceous plants in the understory of a forest, leading to less frequent fires. Karp et al. (2018) provided
evidence that grassland expansion over the late Miocene was driven in large part by increased fire
frequency and provided the conditions that grasslands, and the plants that make them up, evolved within.
A long-term study by Koerner & Collins (2014) into the effects of fire, grazing and drought in grasslands
in North America and South Africa found that fire and grazing were the most significant drivers of plant
community composition and productivity.

Grazers can alter how deeply plants extend their roots into the soil to absorb water and can induce
changes to plant communities at local scales (O’Keefe & Nippert, 2017). Frank & Evans (1997) noted
that grazing by large ungulates increased nitrogen cycling rates within grasslands and helped to make
more nitrogen available for plants in those ecosystems. Around the end of the Pleistocene period roughly
twenty-five thousand years ago the ancestors of modern-day bison (Bison antiquus & Bison occidentalis)
became some of the only species of large herbivores present in North America, with their descendants in
the form of plains bison being the most dominant grazer in the Great Plains and eastern Rocky Mountains
around the time of European contact with the plains three hundred years ago (Larson, 1940; Guthrie,
1970; Daubenmire, 1985; Anderson, 2006). Bison induced changes to the environments they grazed in
through the direct consumption of plants and the deposition of phosphorus and nitrogen through their

bodily waste (Frank & McNaughton, 1992). Plains bison had a significant impact on how the ecosystems
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on the Great Plains and Western Rockies functioned as herds preferentially grazed areas that had been
recently burned, creating a more heterogeneous landscape (Babin et al., 2011; Knapp et al., 1999).

These patterns of site selection could also be influenced by fire, topography, or distance to water,
further leading to increased habitat heterogeneity. Grazers like cattle have been found to preferably use
low lying, flatter patches when compared to steeper, upland ones (Raynor et al., 2017). Flatter areas
require less energy expenditure from grazers, leading to more efficient gains from grazing, however
grazers may be willing to climb up steep topography if the forage at the top is of a very high nutritional
value (Senft et al., 1987).

Kohl et al. (2011) reported that bison are not as limited by the distance to a water source as cattle
are, with bison showing a willingness to move up to ten kilometres from a water source when compared
to cattle which never moved further than three kilometres away from one. Bison have been shown to
select for patches near permanent water bodies like lakes or large rivers that flow throughout the winter
but are willing to move further away from water than cattle are (Kohl et al., 2011). Access to water may
provide additional benefits to bison besides simply having access to an essential part of life. For instance,
Wallis de Vries & Schippers (1994) found that water may be a significant source of essential minerals to
cattle and other animals that made use of watering holes and rivers. Water is, however, not a critical part
in cooling off bison in hot weather, as they typically do so by evaporating water from their lungs as they
wallow and inhale dry, dusty air (Lott, 2002). The distribution of water itself has not been found to be
limiting to bison, nor has the size of a particular river or lake been found to influence their selection of
sites (Babin et al., 2011). The Banff bison are originally from Elk Island National Park, where there is
only standing water, thus the year they spent learning to cross and interact with moving water in the
holding paddock was a of critical importance and they do not appear to be limited by moving waterbodies
within the reintroduction zone (Heuer, 2019).

Vinton et al. (1993) found that recent burning also influenced site selection by bison, with
frequently burned areas containing much larger patches that had been grazed by bison (13.6 m?)

compared to those within infrequently burned areas (1.9 m?).The relationship between bison and fire was
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well understood by Indigenous peoples who regularly set fire to grasslands to create good grazing
grounds for bison (Sutherland, 2018; Hoffman, 2021). These burned patches would help to attract the
bison to the new growth within those burned areas in the following year, increasing the odds that the
people would be able to find and hunt the herd (Brink, 2008). This type of fire management also occurred
within mountainous regions, with Indigenous people setting frequent, low intensity burns in valley
bottoms to maintain travel routes, to foster culturally significant plants, to create good habitat for game,
and for aesthetic reasons (White, 1985; Christianson, 2019; Lake & Christianson, 2020). This type of land
management as well as the relationship between humans and bison began to change with the entrance of a
new group of people into the Canadian Rockies.

The first Europeans to verifiably enter the Canadian Rockies were Hudson’s Bay Company
surveyor Peter Fidler’s party in 1792 when they met with the Ktunaxa at the Gap of the Oldman River in
the Livingstone Mountain Range of Southeastern Alberta (Gadd, 2009; Yanicki, 2014). This was soon
followed up by the establishment of Rocky Mountain House in the foothills along the North
Saskatchewan River by the North West Company in 1799 to support the growing fur trade with
Indigenous peoples in the region (Parks Canada, 2022a). Eight years later, in 1807, North West Company
fur trader David Thompson crossed the Continental Divide via the Howse Pass, establishing Kootenay
House in modern-day British Columbia (Thompson, 1915; Gadd, 2009). European presence in the
mountains in these early years was limited to the fur trade brigades travelling through the passes with
trade goods or overwintering at their forts, though their presence was felt beyond their travel routes and
into the surrounding Montane valleys and foothills as great numbers of plains bison were hunted each
year to make the pemmican that fuelled the voyageurs on their long journeys (Colpitts, 2014). It would
not be until the Palliser expedition in 1857 that the British government showed any interest in settling
Western Canada, and there would be no serious considerations of exactly how such a task would be
accomplished until the arrival of the Canadian Pacific Railway surveyors in the 1870s (Berton, 1970;

Haig, 1983).
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At this point, a period of rapid change hit the bison populations of Western Canada, with hunting
pressure, competition with European ungulates and habitat conversion increasing as more of the land to
the east of the Rockies was settled as the railway worked its way across the country (Taschereau, 2019).
Canada’s bison population declined throughout the 1870s and the last free-roaming herd was spotted in
1881, marking the end of their influence in the Canadian Rockies (Colpitts, 2002). In 1883 the Canadian
Pacific Railway arrived in the Bow Valley and, with the discovery of a pair of thermal springs at the base
of Sulphur Mountain, the Government of Canada would establish a twenty-six km? protected area around
the springs that would later be expanded and named Banff National Park (Parks Canada, 2022b).

The entrance of settlers into the area of modern-day Banff did not only change the land physically
through the building of infrastructure and homes, but they also changed the cycles that had formerly
governed the mountain landscape. Fire was seen as an undesirable and destructive force by European
settlers who implemented fire control programs in both prairie and mountain ecosystems to prevent fires
(Norgaard, 2019). These included areas meant to conserve biodiversity such as Banff National Park
where, despite fires having long been a part of the landscape, park officials attempted to prevent fires
from occurring for safety and aesthetic reasons (White, 1985). Fire control in Banff National Park
continued throughout the 1900s until the 1980s, with very few major fires occurring in the park compared
to the historical average (Coogan et al., 2021).

Throughout the 1900s the influence of both bison and fire were absent from Banff National Park.
Early conservation efforts for bison took place in Banff National Park with a small herd of bison in a
paddock at the base of Cascade Mountain in 1897 that lasted until 1997 when it was closed as part of a
larger project to remove barriers to the movement of mammals like wolves and cougars in the Bow valley
(Markewicz, 2017). Park philosophies around fire began to change as well, and in 1983 Banff National
Park conducted its first prescribed burn, with a more regular prescribed burn program taking hold since
the 1990s (Coogan et al., 2021). These former policies continue to be felt in the loss of ecosystems and

species that depend on frequent disturbance by fire and in 2020 Parks Canada released an updated fire
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management plan for Banff, Kootenay and Yoho National Parks which emphasizes the use of fire as a
critical tool for conservation (Parks Canada, 2021b).

Prescribed burns were used to prepare and maintain the land for a reintroduced bison herd that
was airlifted to the park’s backcountry in 2017 (Parks Canada, 2019). Unlike the 1897 herd that lived
beneath Cascade Mountain in Banff, the reintroduced herd can freely roam around a 1200 km? section of
the park’s backcountry (Parks Canada, 2020a). As it has been well over a century since Banff National
Park held a free roaming bison herd, questions exist as to how this historical relationship between fire and
resource selection will continue and play out in Banff National Park. Understanding where and how bison
interact with burned patches of the landscape, and the role topographic factors like slope steepness or the
distance to the nearest water source factors into those decisions will be a key part in helping managers
determine where and how to conduct prescribed burns in the future.

I used GPS collar data from thirteen members of the Banff bison herd, remote sensing and
generalized estimating equations to examine the question of whether reintroduced bison in Banff National
Park select resources in burned patches within the reintroduction zone. Specifically, | examined how burn
frequency, slope steepness, whether an area is classified as a grassland/shrubland or a forest, and the
distance to the nearest source of water affects resource selection by bison in Banff National Park. 1
predicted that bison would show a preference for areas that had been burned, that burn frequency would
not be a significant factor in their choice, that they would preferentially inhabit grasslands/shrublands

over forests, and that they would be willing to occupy areas far from water and on steeper slopes.

Methods
Study Area

The study area was restricted to the 1200 km? reintroduction core zone and hazing zone and did
not account for movement by bison outside the border of Banff National Park. To date four animals have
made their way out of the park for a few weeks before being relocated or destroyed (Ellis, 2021). As the
bison have not visited the entire reintroduction area, analysis will be further restricted to areas within the

borders of the utilization distributions produced by the bison GPS collar data. For the utilization
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distribution produced by the kernel density estimate, this extent is from 51° 28' 34.05" N, 115° 59' 3.26"

W to 51° 47 30.98" N, -115° 36' 37.39" W.

Home Range Estimate

GPS data from collars worn by thirteen members of the herd (five males and eight females) since
the free roaming release were used to estimate the home range and of the bison herd. These collars are
either a Vectronic Vertex Plus or a Vectronic Vertex Lite, with most members wearing a Vertex Plus. In
either case, both types of collars are equipped with VHF and Iridium GPS uplinks that provide location
data every two hours, 24 hours per day (Vectronic Aerospace, 2023a; Vectronic Aerospace, 2023b).
Tagging and collaring of the bison herd is done in September each year, with Parks Canada staff members
operating on horseback (Parks Canada, 2020b). They have found that this minimizes stress on the herd
and should not impact habitat selection, with members of the herd often choosing to remain in the same
field they had been darted in for a few days afterwards (Parks Canada, 2020b) To estimate the home
range of the herd, | generated a model based on a utilization distribution generated from these GPS data. |
explored two methods for generating my utilization distribution: a Brownian bridge movement model and
a kernel density estimate.

The Brownian bridge movement model method was attempted first as they can better estimate
movement paths of mobile species, account for error associated with the individual GPS points and
accounts for autocorrelation by assuming individual points are not independent in contrast to a kernel
density estimate (Horne et al., 2007). The Banff bison herd are a mobile species whose movements are
constrained by mountain valleys, and thus I thought this model would produce a more accurate home
range size estimate. The Brownian bridge movement model was created using the adehabitatHR package
in R (Calenge, 2006; R Core Team, 2021).

Kernel density estimates are a common estimation of home range size; however, they can be
susceptible to type Il errors with smaller datasets and may not include habitat that an animal is otherwise

using (Fieberg & Borger, 2012). The converse can also occur, with large datasets leading to type | errors
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by including habitat that is not being utilized by the animal (Fieberg & Borger, 2012). Despite these
drawbacks, kernel density estimates are still useful tools for estimations of home range and can provide
accurate estimations of home range (Lichti & Swihart, 2011). The adehabitat HR package in R was used
to create a kernel density estimate (Calenge, 2006; R Core Team, 2021). The kernel density estimate was
estimated to the 95 percent probability contour using the default ‘href” bandwidth.

Upon comparing the utilization distribution produced by the Brownian bridge movement model
and the kernel density estimate, | found that both methods produced nearly identical home range estimates
for the Banff bison herd, and Brownian bridge movement models had technical challenges not found with

kernel density estimates. For conciseness, | only show results from kernel density estimates here.

Resource Selection Functions

Resource selection functions provide a way of estimating the probability of resource use of an
animal or group of animals proportionate to the amount of that resource available in the environment
(Boyce et al., 2002). To produce a resource selection function based on my data, | first generated 98,521
random points within the boundaries of the kernel density estimate utilization distribution via the AMT
package in R (Signer et al., 2019). | then compared these points with 98,521 GPS points subsampled from
tracking points from thirteen satellite-collared members of the bison herd between July 29, 2018, and
October 10, 2021, with October 10, 2021 being the date nearest to when these analyses were performed.
When a GPS point completely overlapped with one of the randomly generated points the first “random”
point was discarded, and a new random point was generated. This continued until there were an equal
number of random points and GPS points. These points were then overlaid atop layers of topographic and
ecosystem data to compare where an animal was present during this period vs where it was not. In doing
so | was better able to estimate how the Banff bison were selectively using resources within the

reintroduction zone.
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Slope, Water, Vegetation and Fire Data

I obtained shapefiles for slope grade data from Natural Resources Canada’s digital surface model
via the Government of Canada’s geospatial extraction tool (Natural Resources Canada, 2017); water
bodies from the Alberta base watershed dataset (Alberta Environment and Parks, 2018); burns from Banff
National Park’s fire history database (Parks Canada, 2021a); and the VVegetation Resources Inventory
Land Classification from Banff National Parks’ Vegetation Resources Inventory dataset (Parks Canada,
2021c). These data were analysed using QGIS version 3.16 “Hannover” (Graser, 2020).

| first loaded shapefiles for each dataset into QGIS and extracted only data from the study area
via the use of the Intersection geoprocessing function (QGIS, 2021). Vegetation Resources Inventory data
were reclassified in QGIS by use of its editing feature into Grassland/Shrubland, Forested or Non-
Vegetated based on the British Columbia Land Cover Classification Scheme designation listed for each
vegetation polygon within the study area (Ministry of Sustainable Resource Management, 2002). Areas
where shrubs or herbs made up more than fifty percent of the area were given ‘Grassland/Shrubland’
designations. Areas where trees made up seventy five percent or more of the area were given ‘Forest’
designations. Areas that were made up of bedrock, talus, river or lake sediments, moraines, lakes, rivers,
and icefields were given ‘Non-Vegetated’ designations.

Banff National Park’s fire database contains data for wildfires in the study area from between
1909 and 2020 (Parks Canada, 2021a). | first created a layer that contained every fire within the
reintroduction zone over the last 111 years and assigned each part of the reintroduction zone either a
‘burned’ or ‘unburned’ value. | then used the Join Attributes (Summary) function in QGIS to build a GIS
layer that counted the number of overlaps between each burn that had occurred in the study area between
1909 and 2020 (QGIS, 2021). This new layer provided an estimate of burn frequency over the last 111
years by counting the number of burns a particular patch had experienced since 1909.

How near a patch of land is to water can be an important consideration for what sort of places
bison select for when roaming across a landscape. | included only rivers that flowed year-round in the

analysis to avoid counting ephemeral streams that were not accessible to the bison for more than a few
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months of the year. Previous studies have shown that the distribution and availability of permanent
standing water sources across the landscape is of greater importance than the size of those water sources;
therefore, | decided to count any permanent body of standing water in the reintroduction zone regardless
of its size (Reynolds, 2003; Babin et al., 2011; Kohl, 2012; Bauman, 2023).

Waterbody data were transformed into a heatmap that showed the distance of each coordinate on
the map to the nearest waterbody via the use of the distance() function in the philentropy package in R
(Drost, 2018). Data were then saved as new shapefiles in QGIS and were loaded into R to be analysed

along with the Heatmap and Resource Selection Function data in the habitat utilization models.

Habitat Utilization Models

Variables for fire frequency, the slope grade of each coordinate in the reintroduction zone,
vegetation resources inventory and the distance to nearby rivers were created in R. Data for each variable
were re-projected onto the World Geodetic System 1984 Coordinate Reference System. Data that were
not already in raster form were rasterized using the raster() function in the raster package (Hijmans,
2021). Rasters were then layered over one another using the stack() function in the utils package in R
(Bengtsson, 2003).

Generalized estimating equations (GEES) that utilize empirical standard errors can provide
accurate parameter estimates for resource selection functions with sufficiently large sample sizes (Koper
& Manseau, 2012). This can be done even if the underlying correlation structure for the GEE is unknown,
which it will be since the correlation structure between the GPS points and the random points will be
different (Koper & Manseau, 2012). GEEs estimate marginal parameters rather than conditional ones, this
means that the results they provide must be considered at the population scale rather than the individual
one (Koper & Manseau, 2012).

I created a set of generalized estimating equations using the geepack package in R for the Kernel
density estimate (Halekoh et al., 2006). I first compared model fit between the ‘exchangeable’, and

‘independence’ correlation structures offered by geepack using a Quasilikelihood under the Independence
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model Criterion (QIC) rank comparison (Halekoh et al., 2006). While | could not know the underlying
correlation structure, it was still useful to compare different structures to see which fits the model the best
(Koper & Manseau, 2012). The ‘exchangeable’ correlation structure provided the best fit.

Models were fitted with binomial distributions and data from each variable were centred prior to
analysis via the scale() function in R (R core team, 2021). Whether or not a point was considered ‘used’
was set as the response variable. Slope, Vegetation Resource Inventory Land Classification, Time Since a
Burn, whether a plot of land was Burned or Unburned, whether the fire was Natural or Prescribed and the
Distance to the Nearest River were all independent variables. | converted results from each model into

odds ratios.

Results

Bison showed a preference for burned patches over unburned patches (Table 1, Figure 1). Bison showed a
preference for patches that had been burned more than ten times (Table 1, Figure 2). Bison selected for
areas that were one hundred meters closer to waterbodies when compared to randomly generated points
(Table 1, Figure 3). Bison selected for areas that were on slopes 5 percent shallower when compared to
randomly generated points (Table 1, Figure 4). Bison visited grassland and shrubland habitat five times as
often than they did forests and fifty times more often than they did non-vegetated areas (Table 1, Figure

5).
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Table 1. Odds ratios estimates for binomial fitted generalized estimating equations describing the
odds of the Banff bison herd occupying a patch that has been burned instead of an unburned patch,
the number of times the patch had been burned, the percentage of slope in that patch, the distance
of that patch from the nearest waterbody, and whether it was classified as either a

grassland/shrubland patch or as a non-vegetated patch instead of a forested patch.

Factor Estimate Std. Error Wa.Id p-value
Estimate

Burned Patch (vs. Unburned) 1.65 0.005 7166.0 <0.0001
;)rzeol):requency (# of fires between 1909- 187 0.006 03777 < 0.0001
Distance to Nearest Waterbody 0.67 0.007 3137.0 <0.0001
Slope (Degrees) 0.90 0.008  19118.0 <0.0001
Land Classification - Grassland / 5.33 0.012  20287.9 <0.0001
Shrubland

Land Classification - non-vegetated 0.80 0.034 46.8 <0.0001
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Figure 1. Bar graph showing distribution of used and available points compared to whether a patch

was burned between 1909 and 2020. One half of the used points are in patches that have burned

while three quarters sof the unused points are in patches that have not burned.
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Figure 2. Bar graph showing the percentage of used and available points for patches burned at
different frequencies. Patches burned more than ten times make up three quarters of the points

that were used by bison.
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Figure 3. Boxplots showing distribution of used and available points compared to the distance to
the nearest waterbody. Used points occupied a tighter range of distances from water when
compared to unused points. The lower boundary of the used points boxplot is one hundred meters

closer to water when compared to the lower boundary for the unused points boxplot.
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Figure 4. Boxplots showing distribution of used and available points compared to the slope of the
landscape. Used points occupied a tighter range of slopes compared to unused points. The lower
boundary of the used points boxplot occupied slopes 5 percent less steep when compared to the

lower boundary for the unused points boxplot.
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Figure 5. The number of used and unused points in each land classification. There are seven times
as many used points occupied patches classified as grassland/shrubland then there are unused

points. The number of used and unused points in forests and non-vegetated areas is roughly equal.
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Figure 6. Map showing the 95-percent kernel density estimate over the study area. The estimate
covers the valleys within the reintroduction zone. GPS collar uploads in the Northeast corner of the
map outside of the Rocky Mountains were from two escaped bulls and were not included in the

estimate.
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Discussion

I investigated the question of how burn frequency, slope steepness, ecosystem type, and the
distance to the nearest water source influenced resource selection by reintroduced plains Bison in Banff
National Park. The Banff reintroduction is one of the only reintroductions of plains bison into a
mountainous environment, and the only existing attempt at reintroducing plains bison into the Canadian
Rockies. Understanding how the ruggedness of the Canadian Rockies might influence resource selection
by these bison would be helpful in informing and potentially identifying other sites for reintroductions
elsewhere in the Rockies. The Banff herd strongly selected for frequently burned patches that were within
eight hundred meters of a water source, on slopes below 11°, and that were in grassland/shrubland

habitats.

The Influence of Fire

The history of fire on a landscape is often a major factor in determining where and for how long
bison will spend their time on a patch of land (Vinton et al., 1993). For the Banff bison herd, areas that
have been subjected to frequent fires seem to hold a great appeal. For thousands of years prior to
European contact, traditional Indigenous land management methods were what governed the Canadian
Rockies and the Great Plains as well as the bison herds that roamed them (Brink, 2008; Colgan et al.,
2021). These methods included the use of fire to proactively create good habitat for bison on the Great
Plains and encourage them to return to a burned spot in the following years to make hunting easier (Brink,
2008). Indigenous applications of fire were closely tied to season, with some burns occurring in the spring
so that hunts in the fall could harvest meat during colder times of the year where it had a lower chance of
spoiling (Eisenberg et al.; Roos et al., 2018). Fall fires were also set to create good grazing grounds for
the next spring, producing much higher intensity burns than the spring fires would (Eisenberg et al.,

2019). High intensity fall fires would historically have resulted in reduced woody plants following a burn,

41



with post-burn grazing by the bison making woody recolonization difficult as they consumed the young
shoots of trees like aspen (Eisenberg et al., 2019).

Burns that occur in grasslands can result in an increase in plant productivity and create highly
palatable forage for animals like bison in the years following a burn (Verrall & Pickering, 2019; Raynor
et al., 2015). The quality of forage in forest patches in the years immediately after a burn may be higher
due to the proliferation of fresh new growth that is easier to access with the reduction in understory
(Sachro et al., 2005). Work by Proffitt et al. (2015) found that forage quality in burned forests was highest
in the years immediately after a burn and declined as time went on.

Over the last three hundred years the Canadian Rockies experienced regular wildfires that would
have burned across the mountains and foothills at varying intensities (Amoroso et al., 2011). Fire
frequency was also variable across the landscape, as fires were caused by both occasional ignitions from
lightning and more frequent ignitions from Indigenous peoples (Parks Canada, 2021b). Spring burning
was a common practice for many Indigenous peoples in the montane ecoregion of Banff National Park, as
these burns produced medicinal plants, maintained travel routes, and helped to create good grazing
grounds for bison so they could be tracked hunted more easily (White, 2001). This management style
worked in part because bison will often select for frequently burned patches over less frequently burned
ones and tend to graze frequently burned patches for longer periods (Vinton et al., 1993). Vegetation
regrowth in the first two years following a fire is notably more nutritious and palatable for grazers,
leading them to occupy those patches more often (Nichols et al., 2021). For the vegetation community
this can result in greater species richness and habitat heterogeneity at these heavily used sites, as frequent
burning in combination with disturbances like grazing can keep more competitive plant species from
establishing themselves and taking over (Harnett et al., 1996).

These concepts were reflected in the habitat selection by the bison herd in this study, with bison
showing a strong preference for burned areas over unburned areas, and for more frequently burned areas
over less frequently burned ones (Tables 1 & 2). By combining varying intensities of prescribed burns

and by burning some sites more frequently than others to encourage heterogenous site selection from the
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ever-growing bison herd, managers may be able to restore much of the subalpine grasslands that were lost
over the last few centuries. Prescribed burns should continue to be applied to the landscape to create good
habitat for the bison that will help support a larger and more stable population while returning ancient

natural processes to the land.

Topography

The herd appeared to be more willing to occupy sites further from water than they were to travel
up to ones on steeper slopes, which falls in line with previous studies that found bison are less limited by
water, having been noted to roam as far as 10 km away from water sources (McHugh, 1958; Kohl et al.,
2013, Allred et al., 2011). However, the Banff bison never strayed too far from water compared to these
other studies, typically keeping to within a kilometer of a water source. Van Vuren (2001) noted that
vertical distance to water was more limiting to bison in a mountainous environment than horizontal
distance to water and so the herd is likely choosing to move between water sources along the flattest paths
possible. Typically, these paths come in the form of trails alongside major rivers like the Red Deer and
the Panther as they offer easier travel through flatter terrain as herds move throughout the landscape and
bison may not wish to stray too far from these trails when traveling through the reintroduction zone
(Parks Canada, 2018). It is also important to note that my study did not capture daily usage habits from
the bison herd and only looked at broad trends in where they selected for sites on the landscape.

Previous work by Allred et al. (2011) found similar behaviour by bison in a grassland ecosystem
as the herd tended to stick to flatter, lower areas on the landscape The Banff herd was sourced from bison
herds in Elk Island National Park, approximately 45 minutes east of the city of Edmonton, Alberta,
Canada (Heuer, 2019). Elk Island National Park is located within a ‘prairie pothole’ environment that
features no standing water and very gentle slopes with little elevation change (Parks Canada, 2022c). The
Banff herd is potentially exhibiting a preference for these parts of the reintroduction zone that are more
like their former home. However, slopes are not necessarily a barrier to bison who are more accustomed

to a mountain landscape. For example, in the Henry Mountains in Utah a reintroduced bison herd was
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found to be willing to traverse slopes, noting occurrences on slopes as steep as 32° (Van Vuren, 2001).
Historical accounts of plains bison also detail herds being known to forage on steeper slopes (Fryxell,
1928). This may have been because in early June to Mid-July, plants located in the alpine can be highly
palatable and very nutritious, providing a reason for bison to traverse steep slopes into the alpine
(Johnston et al., 1968). As slopes become steeper and the difference between energy expenditure and
nutritional gains becomes smaller bison are less likely to occupy those upslope areas (Senft et al., 1987).
This behaviour was exhibited by the Henry Mountain bison herd which was noted to graze at higher
elevations than cattle in the same ecosystem to gain access to superior forage (Van Vuren, 2001).

If bison are not sufficiently motivated by high quality forage to stray from water sources or
expend the energy to move up steep slopes they will avoid doing so. There is also a learning, or re-
learning, component to consider in the case of the Banff herd. Knowledge from Elders of the Stoney
Nakoda First Nation tells us that Bison herds are led by Tataga Wiye Ttawagiha (matriarchs) who teach
the herd and direct where it goes (Stoney Nakoda Nations, 2022). Because the oldest animals in the herd
have only been free roaming on the land since 2018 the Banff herd may need time to truly learn the
landscape and may yet be unwilling to travel into new regions of the reintroduction zone if there is
uncertainty of there being a reliable source of water. This again speaks to the importance of a prescribed
burning program within the reintroduction zone as by creating these burned patches in steeper areas
further from water the bison herd is more likely to venture into these regions and continue to build an
understanding of the landscape. This can allow the herd to spread out across the reintroduction zone and

help increasing habitat heterogeneity at the landscape scale.

Land Classification

The Banff bison herd selected for patches in grasslands/shrublands over forests or areas without
vegetation. This is in line with other studies where bison have been known to express a strong preference
for grasslands and will selectively forage in patches with higher graminoid coverage within those

grasslands, though they will also consume forbs and shrubs and in open forests when superior forage is
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not available (Sanderson et al., 2008, Hecker et al., 2021, Keene et al., 2021). Ranglack & du Toit (2015)
recommended prescribed burns continue to be used to create grazing habitat for bison in the Henry
Mountains after noting that burns within the last ten years of the study contained higher quality forage
than surrounding patches.

Forage availability is not the only consideration for bison since predation risk can also moderate
where and how bison will spend their time on a landscape. Fortin et al. (2009) noted that bison would
select for more open meadows and grasslands when in large groups and would split into smaller groups
and individuals whenever they moved into forests. Most collars in this study were applied to females who
may have been expressing this preference for open spaces as they travelled in groups as opposed to males
who may spend time in more forested areas separately or in small groups (Post et al., 2001). Predation
risk is present for the Banff herd as it is believed that one of the herd’s calves were killed by wolves in
2020 (Dorozio, 2021). Wolves in Banff National Park are still learning how to hunt bison after over a
century of their being absent from the landscape and as they gain experience in doing so and can more
successfully hunt juvenile and mature bison; the predation risk they carry will undoubtedly affect where

bison herds are likely to spend their time (Dorozio 2021).

Conclusion

Future research directions may include a step-selection function study that examines the
probability of bison moving towards or away from different biotic and abiotic landscape features,
building an understanding of how the bison are making decisions as they encounter these different
elements on the landscape (Fortin et al., 2005). Being able to gain a clear picture of how the herd is using
the landscape will provide a useful baseline for tracking how those usage intensity might change in later
decades as the herd grows. This long-term monitoring could be of use in other bison reintroductions
elsewhere in the Rocky Mountains in helping to predict suitable habitat for herds of different sizes.

A 2016 habitat suitability index predicted that between 600 - 1000 bison could be supported in

the reintroduction zone while as of 2022 the herd sits at 88 members (Steenweg et al., 2016, Ellis, 2022).
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Because bison may change their behaviour as competition for resources like forage becomes more intense
it would be wise to re-assess how they are using the landscape as the population continues to increase.
Monitoring the number of predation events affecting the herd will also be important, as being able to track
how often and where these are occurring may be able to provide a clear perspective on how habitat use by
the herd is responding to increased predation risk.

Prescribed burns should continue to be applied to create good foraging habitat and to encourage
the herd to venture into new parts of the reintroduction zone. Disturbance by fire and the subsequent
usage of burned patches by bison have historically led to the expansion of grassland ecosystems in the
Great Plains, but the ruggedness of the Canadian Rockies leads to a new suite of factors such as a more
severe topography that can influence which sites bison select for (Kohl et al., 2013). Knowledge of how
fire drives bison to select for different patches on the landscape is one that has been well understood by
human beings in the Canadian Rockies since time immemorial. Western science has built a knowledge
base of this relationship as well, though these studies have mostly occurred in the prairies. My study is
unique in that it examines a herd that is in its first few years of being reintroduced to a mostly subalpine
landscape and considers the distinct topography and fire history of the Canadian Rockies from a Western

scientific perspective.
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Chapter 3: Assessing the influence of Reintroduced Plains Bison on

Bird Abundance & Diversity in Banff National Park

Abstract

Bison modify the habitats that they live within through disturbances like grazing, tree rubbing, and
wallowing. Songbirds are indicators of environmental change and are known to be sensitive to changes in
vegetation structure caused by disturbances from forces like bison. I performed acoustic recordings, and
vegetation structural and composition surveys in areas that were visited by bison at varying intensities and
that were left unused. I analysed these data using generalized linear mixed models to determine whether
bison usage significantly affected either the vegetation or bird communities present in the reintroduction
zone. Vegetation density and understory height showed no response to bison usage intensity. Vegetation
composition responses were varied with forbs increasing with increasing bison usage and mosses
decreasing in grasslands/shrublands and increasing in forests as bison usage increased. Neither the overall
abundance of birds nor species richness in the study area were affected by bison usage within the first five
years of their reintroduction to the landscape. | also examined songbird species that were dependent on
different types of habitats to see whether they responded to any changes in their habitats that might be
caused by the bison. These were Wilson’s Warblers, which utilize dense, shrubby habitats, White-
crowned Sparrows, which use more sparsely shrubby and grassy habitats, and Townsend’s Warblers
which use closed-canopy forests. | examined Brown-headed Cowbirds as well, since they co-evolved with
bison. I made predictions for future trends for five other bird species, two generalists [American Robins
and Canada Jays] and three species at risk [Common Nighthawks, Evening Grosbeaks, and Olive-sided
Flycatchers], present in the study area. | found that modifications to habitats by bison will likely decrease
the abundance of bird species that are dependent on undisturbed, closed-canopy forests and increase the

abundance of bird species that require patches of disturbed, open habitat.
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Introduction

In 2017, Parks Canada reintroduced a herd of 16 plains bison into the backcountry of Banff
National Park in an effort that was motivated in part by trying to restore those natural disturbance regimes
that bison would have historically caused in the Canadian Rockies (Heuer, 2019). Part of the criteria that
the success of the reintroduction is being assessed upon is the potential negative or positive effects the
bison are having on creatures already present within the backcountry (Heuer, 2019). Assessing the early
effects of a reintroduction like this can be difficult, as similar work on a herd of plains bison reintroduced
into a prairie ecosystem found few notable effects of the bison on songbirds within the first five years of
the reintroduction (Herakovich et al., 2021). Still, the novelty of the Banff reintroduction occurring in the
Canadian Rockies, an ecosystem that has seen few if any plains bison reintroductions on this scale, means
that the early response to the reintroduction of bison in sensitive communities like plants and birds may
be starkly different from the reintroductions done on prairie grasslands. Building an understanding of
what and how different species respond to bison in an ecosystem like this can help provide important
context for future decision-making by land managers.

Plains bison are sometimes referred to as ecosystem engineers as they modify the vegetative
community of the habitats that they exist within through disturbances like grazing (Knapp et al., 1999).
While bison are generalist foragers, they do exhibit a preference for graminoids over forbs (Plumb &
Dodd, 1993; Keery, 2019). This preference typically results in a greater abundance of forbs in grazing
sites when compared to those that remain ungrazed (Collins & Calabrese, 2012). Bison, like many other
grazers, are deliberate in selecting sites that will maximize the amount of nutrients they gain while also
minimizing energy expenditure to get there (Senft et al., 1987). Van Vuren (2001) found that bison are
willing to expend more energy to get to high quality forage when compared with cattle in a mountainous
environment. Thus, site selection is influenced not only by where the highest quantity and quality of

forage exists, but also how the steepness of topography and distance from waterbodies in a landscape
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affect the ability of bison to get to that forage (Senft et al., 1987; Wallace et al., 1995). Site selection by
bison results in a mosaic of different plant types at the landscape scale (Truett et al., 2001).

Bison can also influence the ecosystems around them through ways other than grazing such as
wallowing and tree rubbing. Wallowing is a behaviour unique to bison where they create large
depressions in the ground by rolling from side to side on their back (McMillan et al., 2011). Collins &
Barber (1986) suggested that tallgrass prairie ecosystems subject to grazing and wallowing held higher
diversity than those that did not. Wallow pits themselves have been found to have lower plant diversity in
the centre, but higher plant diversity at their edges when compared to adjacent prairie (McMillan et al.,
2011).

Historically, bird populations were affected by disturbances from bison largely through changes
to grass height, bare ground cover, and the abundance of shrubs (Truett et al., 2001; Knopf, 1996). Wiens
(1973) found that among grassland songbirds, some species showed very strong preferences for areas of
very tall or very short vegetation, while others appeared to have no preference. The importance of having
a landscape with high heterogeneity in vegetation structure was noted in a study by Fuhlendorf et al.
(2006) where species such as Henslow’s Sparrows (Ammodramus henslowii) and Upland Sandpipers
(Bartramia longicauda) preferred disturbed patches on the landscape with shorter vegetation. Generalist
birds which generally are not limited by what vegetation is present on the landscape for vegetation types,
have been found to be relatively unaffected by disturbances to vegetation structure when compared to
those that are more selective (Richardson et al., 2014). Davis (1974) concluded that thirty-two of the
forty-six bird species identified in a study in south-eastern New Mexico would be eliminated from the
area if the woody habitat on which they were dependent were to be removed. However, in an environment
where a lack of disturbance is leading to an increasingly homogenized woody ecosystem like in the
subalpine of the Canadian Rockies, bird species may benefit from the heterogeneity brought by these
disturbances (Patterson & Best, 1996; Stockdale et al., 2019). Circa three hundred years ago, the
subalpine ecoregion of the Canadian Rockies experienced more frequent disturbances from forces like

wildfires (White, 1985). The frequency and severity of fire as well as bison grazing new growth in burned
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patches would have led to a more heterogenous habitat with a greater mix of open and closed canopy
forests and grasslands (White, 1985; Vinton et al., 1993). Birds may also learn about and respond to
vegetation structural changes from other members of their community as information on habitats, such as
where optimal breeding grounds exist, can be disseminated through social interactions (Betts et al., 2008)

Grazing intensity is a factor in how birds respond to these structural changes in vegetation. A
study of cattle grazing in grasslands found no impact of low grazing intensities on birds’ abilities to nest
successfully (Lusk, 2009). Overgrazing is a notable concern in grassland ecosystems, as high stocking
rates of cattle have been found to negatively impact some species of birds in bunchgrass prairies while
providing no beneficial effects for other birds in the ecosystem (Johnson et al., 2011). In a study of the
effects of different cattle stocking rates in pastures on grassland songbirds, a heterogeneous landscape
was found to be created when a mixture of high and low intensity stocking rates was applied to pastures,
and likewise bird abundances were both positively and negatively affected depending on their preferred
habitat type in the pasture (Sliwinski & Koper, 2015). Grazing by plains bison traditionally mimics this
heterogeneity as some sites are intensely grazed over and over while bison take advantage of palatable
regrowth while others are left undisturbed, this more heterogenous habitat may in turn provide space for a
greater diversity in birds across the landscape (Senft et al., 1987; Truett et al., 2001). Climate also plays
an important role in these effects, as years of above or below normal precipitation can alter how rapidly
vegetation recovers from being grazed and likewise the response of birds in these grazed areas (Sliwinski
& Koper, 2015). Increased habitat heterogeneity is beneficial to birds as it is linked to changes in vertical
vegetation structure in an ecosystem, increasing the habitat available for different species as vertical
structure becomes increasingly heterogeneous (Tews et al., 2004).

How vegetation structure itself is changed by a disturbance is an important determinant of how
the diversity and relative abundance of birds in disturbed areas will respond to that change. Work in
Yellowstone National Park revealed that songbirds responded more strongly to changes in the vertical
height of willows than to changes in their total ground cover (Baril et al., 2011). In shrub-steppe

communities, vegetation structure was found to have a greater influence on where songbirds chose to live
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than vegetation species composition (Williams et al., 2011). This holds true across other temperate
ecosystems where primarily understory height, rather than the characteristics of a particular species of
vegetation, are of more relevance to bird habitat suitability (MacArthur & MacArthur, 1961). Patchiness
plays an additional role in these systems, as the resulting vegetative layers provided by a meadow
intermixed with patches of shrubs and trees offers a greater variety of habitats for birds to utilize (Roth,
1976). The way a disturbance affects vegetation structure is important to consider as different types of
disturbances produce distinct vegetative communities. (Collins & Calabrese, 2012).

Climatic factors like rainfall and temperature are also important to consider in a mountain system,
as changes in either can affect the growth rate and composition of different plants as well as the
distribution and abundance of songbirds (George et al., 1992; Mahony et al., 2022). The abundance of
Grasshopper Sparrows (Ammodramus savannarum), for example, has been shown to increase in cooler,
wetter years as these sparrows potentially benefit from increased food availability or are able to seek
shelter from predators in the increased amounts of vegetation provided by higher precipitation levels
(Silber et al., 2023). Vegetation structure has also been shown to interact with temperature by providing
wintering grassland birds with cool microclimates to seek refuge on hot days, increasing their survival
rates (Perez-Ordonez et al., 2022). Both rainfall and temperature interact with the biotic and abiotic
features present on a landscape, and thus it is important to keep their influence in mind when looking at
changes on the landscape over time.

I examined changes in bird abundance and species richness at monitoring sites that ranged from
being frequently occupied by the bison herd to having never been occupied by them. I defined different
levels of occupation by the number of uploads from GPS collars worn by 13 members of the herd that
were captured within 50 meters of each of my study sites. | then looked at whether the density and height
of vegetation as well as the composition of different plant types was influenced by the bison using these
sites at varying intensities and whether songbirds utilizing the habitat in those sites were being affected by

those changes to vegetation.
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Methods

Research Sites

The study area was restricted to the core bison reintroduction zone within Banff National Park
(51° 44' 39.84" N, 115° 55' 46.56" W to 51° 21' 10.08" N 115° 33' 32.04", Figure 8), the federally-owned
Ya Ha Tinda Ranch (from 51° 45” 29.60" N, 115° 30" 23.77" W to 51° 42' 44.46" N, 115° 41' 22.37" W,
Figure 8), as well as Johnson Creek (51° 15' 29.49" N, 115° 50' 17.18" W, Figure 8) and Baker Creek (51°
20'56.32" N, 116° 3'58.57" W, Figure 8) in Banff National Park.

Monitoring transects for the project were established in 2015, three years prior to the bison
reintroduction in 2018, and bird observations at each transect have been recorded yearly since 2015
(Banff National Park Bison Project, 2019 [unpublished field protocol document]). Seven transects were
established within the lower subalpine ecoregion, with six located within the bison reintroduction area
and one located outside in Ya Ha Tinda Ranch (Figure 8). Each was established as either a five-point or
ten-point transect with points spaced three hundred to three hundred and fifty meters apart (Figure 7). One
transect, Flints-Cuthead Ridges, was dropped in 2022 after the area was burned in October of 2020. This
set of transects provided me with fifty observation points that had datasets ranging from 2015 to x.

To increase the number of transects with no bison presence for my study | added one more 10-
point bird monitoring transect at both Johnson Creek and at Baker creek within Banff National Park that
were not explicitly built for the bison reintroduction (Figure 8). These transects are part of Banff National
Park’s ongoing ecological monitoring program, are all located within the lower subalpine ecoregion and
possess datasets that began between 2007 and 2010. In total | had nine transects that | sampled over two
field seasons with a total of eighty sampling points (Figure 8).

I overlaid each of these eighty sampling points over shapefiles created from the park’s Vegetation
Resources Inventory in QGIS that had been sorted into one of three categories: grassland/shrubland,
forested, or non-vegetated (Parks Canada, 2021a; QGIS, 2021). Of these eighty points, thirty-two were

grassland/shrubland, forty-eight were forested, and no points landed in non-vegetated areas.
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10-Point Transect (Distances in Meters)
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Figure 7: Design of a 10-point transect with 300-meter spacing between each point.
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Ranch, Baker Creek and Johnson Creek all fall outside of this zone and have no influence from

bison.
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Acoustic Point Counts

Audio recordings are a suitable method for estimating the relative abundances of different species
in a survey, provided recording sessions are performed when birds are most vocally active (Pérez-
Granados et al., 2019). Methods for the acoustic bird sampling aspect of my study followed those used by
Banff National Park’s environmental integrity monitoring program (Banff National Park Bison Project,
2019 [unpublished field protocol document]). Acoustic sampling was performed through a combination
of automated recording units (ARUS) and in-person recording sessions. Sampling occurred between June
5th - 30th, as this is the peak breeding time for most songbirds in the region, with each transect being
sampled once during this period (Environment Canada, 2018). Acoustic recordings were performed both
in person and automatically using Songmeter SM Minis. ARUs have been found to be a viable alternative
to point counts for sites that are visited seasonally or annually as part of a long-term monitoring strategy,
particularly in rugged terrain or when skilled observers are unavailable (Venier et al., 2011; Klingbeil &
Willig, 2015; Shonfield & Bayne, 2017).

In-person recordings were conducted with Songmeter SM Mini recorders placed on east-facing
tripods starting half an hour before sunrise and continuing until at most 4 hours after sunrise. To minimize
wind disturbance, sampling sessions were only conducted when wind speeds were below 19 km/h and
were never conducted when there was precipitation or fog. Observers recorded their name, time and date,
location, transect name and point number, and any other relevant comments at the start of the recording
and then moved ten meters away until the end of the recording session. The 11-minute recording times are
crucial, as point transect sampling with extended listening periods tends to provide a greater chance of
detecting songbirds that may be difficult to detect due to a tendency to remain silent (Buckland, 2016).
Multiple site visits are not feasible due to the remoteness of the study area and the logistical and time
constraints imposed in travelling to the sites. Observers recorded the same information announced at the
start of their recording into a logbook and then moved to the next point on their transect. Following the

recording sessions, data were uploaded to the Banff National Park shared data drives.
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SM Mini recorders were carried into study sites on horseback and recorders meant for overnight
deployment were pre-programmed with the date and pre-set 11-minute recording times at 5:30 and 6:30
AM Mountain Daylight Time. Overnight units were mounted to trees which were then flagged for the
retrieval of the recorders on the next day of fair weather. Following retrieval, dawn recordings were
uploaded onto the Banff National Park shared data drives. Transcriptions and interpretations of all calls
captured on the recording were performed by third party consultants that have been providing Banff

National Park with this service prior to the start of my study.

Vegetation Structural Sampling

Vegetation sampling took place in July and August following the acoustic recording sessions. To
study the structure of understory vegetation, | established a series of 0.5 m? quadrats along each transect.
Each set of quadrats were placed 25 and 50 meters from the centre of each point of the transect, oriented
to the North, South, East, and West for a total of 8 paired quadrats nested within my larger plots (see
figure 3). | used a two-meter-tall Robel pole following the practice developed by Robel et al. (1970)
placed at the centre of each quadrat as this allowed me to visually estimate the density and height of
vegetation present in that quadrat. Density was determined by what percentage of the pole was covered by
foliage above and below one meter. Understory height was determined by measuring the point on the pole
at which it was fully obscured by the surrounding foliage. A measurement of density and understory
height was taken to the North, South, East, and West of the pole. If on one of these measurements the pole
was fully obscured by the trunk of a tree, that observation was discarded. Finally, I visually estimated the
percent cover of the different species within each quadrat to determine the percent cover of grasses, forbs,
shrubs, trees, mosses, and bare ground up to 100 percent. Tree coverage was included only for
completeness and occurred rarely (N = 15). For the purposes of my study bare ground included anything

that was deemed to have little or no value as a food source for bison such as rocks or pine needles.
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Figure 9. Vegetation structural sampling plots, quadrats where vegetation composition and
structure measurements are performed are space twenty-five meters and fifty meters out from the
acoustic point count location.

Data from the vegetation structure surveys were recorded in datasheets in the field along with the
date, transect name, point number, weather, and any other pertinent comments at the time of the survey
and then transcribed to Microsoft Excel spreadsheets. Data were uploaded to the Banff National Park

Shared Data Drives.
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Temperature & Precipitation Data

Temperature and precipitation data were retrieved from the Government of Alberta’s Alberta
Climate Information Service’s Historical Weather Station Data Viewer (Alberta Agriculture, Forestry and
Rural Economic Development, 2022). Temperature data were gathered from four automated weather
stations that form a polygon that covered roughly eighty percent of the study area. These stations were
Scalp Creek (51° 47'59.9994" N, 115° 39' 0" W), Dogrib Creek (51° 40' 12" N, 115° 30' 36" W), Scotch
camp (51° 40' 0.1194" N, 115° 48' 50.3994" W), and Cuthead Lake (51° 27' 0" N, 115° 46' 0.12" W).
Precipitation data were only available from two of these stations: Scalp Creek and Dogrib Creek. During
the selected period the weather stations only captured precipitation in the form of rain.

Monthly average air temperatures and monthly rainfall normals for May - August from 2015 -
2022 were downloaded from the database and averaged out over the four months to create an average
summer temperature (°C) and average accumulated rainfall (mm) for each year of the study. May -
August were chosen to capture the months during which most of the vegetation utilized by the bird
community in the park and consumed by the bison would be growing and thus affected by different
weather patterns between years. These data were then added into my models as a control for the effects of

any potential variation in weather patterns on the vegetation and bird communities during my study years.

Bison Usage Index

I created an index of bison usage as a measurement for how often bison were visiting a site with a
50-meter buffer zone in QGIS around each of the acoustic survey points | had visited. | then uploaded all
GPS points generated by the thirteen collared members of the bison herd between July 29, 2018, and
October 10, 2021.These collars are equipped with VHF and Iridium GPS uplinks that provide location
data every two hours, 24 hours per day (Vectronic Aerospace, 2023a; Vectronic Aerospace, 2023b).
Tagging and collaring of the bison herd is done in September each year and is done on horseback, as this

minimizes stress on the herd (Parks Canada, 2020b). By using the clip function in QGIS, I isolated each
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GPS point within fifty meters of each acoustic survey point as this would provide me with a measure of
how often a site was revisited by the bison. I used a count of the number of points captured within each of
these 50-meter buffers as a measurement of relative bison usage at each site. | considered only using
collar data during the bird breeding season, however | wanted to capture the potential cumulative effects

on the landscape from the bison’s use of it over the full year.

Statistical Analysis

Songbird data from the transcribed audio recordings were uploaded into a Microsoft Excel
spreadsheet and were processed into comma separated value files for analysis in R (R Core Team, 2013).
Total bird abundance and diversity data at varying usage intensities were analysed using generalized
linear mixed models. These models set species richness, total abundance of all species surveyed, and the
total abundance for four specific species (Brown-headed Cowbird [Molothrus ater], White-crowned
Sparrow [Zonotrichia leucophrys], Wilson’s Warbler [Cardellina pusilla], and Townsend’s Warbler
[Setophaga townsendi] as response variables. Three of these species were selected to provide a cross-
section of birds that use the wide variety of habitat types found throughout the reintroduction zone and
thus some insights into how species dependent on said habitats may respond to increased presence of
bison within them (White-Crowned Sparrow, Wilson’s Warbler, and Townsend’s Warbler). One species
was also selected for its unique relationship with bison and how that relationship affects other birds in the
ecosystem (Brown-headed Cowbird).

Since White-Crowned Sparrows exhibit a preference for open, shrubby habitat and consume
seeds and insects they find on the ground, they may benefit from the presence of the bison herd as they
disturb closed-canopy forests and maintain patches of open habitat following a disturbance like fire
(Gadd, 2009; Vinton et al., 1993). Wilson’s Warblers use willowy marshes and dense, shrubby growth in
coniferous forests, they are also ground nesters and use dense shrubs and grasses to hide their nests; as
such they will be negatively impacted as bison remove the dense understory that they rely upon (Gadd,

2009; Kowalczyk et al., 2021). Townsend’s Warblers are found in tall, dense late-succession forests and
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typically nest high in the overstory and much like Wilson’s Warblers will experience declines should
bison prevent the re-establishment of the forests they rely upon following a fire (Gadd, 2009; Campbell et
al., 1994). Brown-headed Cowbirds historically followed herds of plains bison that roamed across the
Great Plains and will eat the insects that are kicked up and exposed by the movements of those herds; due
to their dependence on dynamic feeding sites maintained by free-roaming bison herds, female cowbirds
will lay their eggs in the nests of other birds, often having their young reared by these other birds often at
the cost of their own offspring (Gadd, 2009). Because of the close association between bison and
cowbirds, brood parasitism rates may be influenced by how often a site is visited since often the ranges of
bison and cowbirds are intertwined (Chace & Cruz, 1998).

Bison usage, vegetation density above and below 1 meter, vegetation resources inventory
classification, understory height, vegetation composition, average summer temperature, and average
summer rainfall were set as fixed effects. | also set the individual identification number of each individual
plot as a random effect as | wanted to generalize my results to each of the plots | was studying within the
reintroduction zone. Models for each individual species were run first with only bison usage, average
temperature, and average rainfall as factors. When attempting to add vegetation structure and composition
data, the models for every species except White-crowned Sparrows failed to converge and were dropped
to avoid the risk of overfitting. Vegetation composition data were dropped to avoid overfitting the species
richness model after it failed to converge. Finally, I converted the results from each model into odds ratio

estimates.

Results

Vegetation

Vegetation density below 1 meter increased in grassland/shrubland regions when compared to

forests and was not significantly associated with bison usage, average temperature, average rainfall, or the
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number of years since the free-roaming release of the bison in 2018 (Table 2; Figure 10). Vegetation
density above 1 meter decreased in grassland/shrubland regions when compared to forests and was not
significantly associated with bison usage, average temperature, average rainfall, or the number of years
since the free-roaming release of the bison in 2018 (Table 2; Table 3; Figure 10). Understory height in
grassland/shrubland regions has increased when compared to forests as well as since the free-roaming
release of the bison in 2018 (Table 4; Figure 11). Understory height had no significant association with
bison usage, average temperature, or average rainfall (Table 2; Table 3; Figure 10).

Percent coverage of bare ground decreased in grassland/shrubland regions when compared to
forests and was not significantly associated with bison usage, average temperature, average rainfall, or the
number of years since the free-roaming release of the bison in 2018 (Table 2; Table 3; Figure 10). Percent
coverage of grasses increased in grassland/shrubland regions when compared to forests and were not
significantly associated with bison usage, average temperature, average rainfall, or the number of years
since the free-roaming release of the bison in 2018 (Table 2; Table 3; Figure 10). Percent coverage of
forbs increased with increasing bison usage (Table 4; Figure 11). Percent coverage of forbs had no
significant association with ecosystem type, average temperature, average rainfall, or the number of years
since the free-roaming release of the bison in 2018 (Table 2; Table 3; Figure 10). Percent coverage of
shrubs and trees had no significant association with bison usage, ecosystem type, average temperature,
average rainfall, or the number of years since the free-roaming release of the bison in 2018 (Table 2;
Table 3; Figure 10).

Percent coverage of mosses decreased with increasing bison usage in grasslands but increased
with increasing bison usage in forests (Table 2; Table 3; Figure 10). Moss coverage also decreased in
years with higher temperatures and higher levels of rainfall (Table 2; Table 3; Figure 10). Percent
coverage of mosses had no significant association with the number of years since the free-roaming release

of the bison in 2018 (Table 2; Table 3; Figure 10).
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Table 2. Generalised Linear Mixed Models for each measured vegetation variable. Percent moss
model was fitted with a Poisson distribution, percent Tree model was fitted with a Gaussian

distribution, and all other models were fitted with Conway-Maxwell Poisson distributions.

Response

. Model Factor Estimate Std. Error  z-value p-value
Variable
Density <1
Meter
Bison Usage -0.0188 0.0418 -0.447 0.654
Grassland/Shrubland 0.2938 0.1317 2.219 0.026
Average Temperature -0.0050 0.0739 -0.617 0.537
Average Rainfall -0.0129 0.0099 -1.322 0.186
Years Since Reintroduction -0.0001 0.2589 -0.545 0.585
Density > 1
Meter
Bison Usage 0.0008 0.0800 0.015 0.987
Grassland/Shrubland -0.5458 0.2315 -2.308 0.021
Average Temperature 0.01079 0.1259 -0.357 0.720
Average Rainfall -0.0004 0.0170 0.221 0.825
Years Since Reintroduction -0.0002 0.4410 -0.555 0.578
Understory
height
Bison Usage -0.0417 0.0519 -0.815 0.414
Grassland/Shrubland 0.3908 0.3908 2412 <0.001
Average Temperature 0.0511 0.1023 -0.085 0.932
Average Rainfall 0.0063 0.0136 0.550 0.582
Years Since Reintroduction -0.0002 0.0363 -6.887 <0.001
Bare ground
Coverage
Bison Usage 0.0067 0.0429 0.157 0.875
Grassland/Shrubland -0.4173 0.1401 -2.989 0.002
Average Temperature 0.0452 0.1075 1.133 0.257
Average Rainfall 0.0154 0.0139 0.978 0.328
Years Since Reintroduction 0.0001 0.3928 0.545 0.585
Response Model Factor Estimate  Std. Error  z-value P
Variable value
Grass
Coverage
Bison Usage 0.0049 0.0443 0.112 0.911
Grassland/Shrubland 0.4994 0.1518 3.305 <0.001
Average Temperature 0.1570 0.1579 1.271 0.203
Average Rainfall 0.0176 0.0201 1.304 0.192
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Forb
Coverage

Shrub
Coverage

Tree
Coverage

Moss
Coverage

Years Since Reintroduction

Bison Usage
Grassland/Shrubland
Average Temperature
Average Rainfall

Years Since Reintroduction

Bison Usage
Grassland/Shrubland
Average Temperature
Average Rainfall

Years Since Reintroduction

Bison Usage
Grassland/Shrubland
Average Temperature
Average Rainfall

Years Since Reintroduction

Bison Usage
Grassland/Shrubland
Average Temperature
Average Rainfall

Years Since Reintroduction

Use Index *
Grassland/Shrubland

-0.0004

0.0958
0.0937
-0.0415
-0.0114
-0.0001

-0.0674
-0.1591
0.1502
0.0118
0.0007

0.0871
-0.0106
0.1163
0.0188
-0.0002

0.3289
-0.5100
-0.3748
-4.074
-0.0005

-0.3496

0.5883

0.0466
0.0937
0.1107
0.0142
0.4008

0.0674
0.2091
0.1821
0.0234
0.6667

0.1139
0.3735
0.2719
0.0188
0.0977

0.0734
0.1862
0.0510
0.0073
0.1344

0.1069

-0.351

2.066
0.630
-0.308
-1.097
0.247

-1.193
-0.765
0.928
0.856
-0.399

0.779
-0.021
0.993
0.404
0.398

4.482

-2.775
-8.843
-5.677
-0.643

-3.267

0.725

0.038
0.528
0.758
0.272
0.804

0.233
0.444
0.354
0.392
0.690

0.436
0.983
0.321
0.687
0.691

<0.001
0.005
<0.001
<0.001
0.520

0.001
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Table 3. Noted trends in vegetation structure and composition in response to bison usage intensity.

+ Indicates an increase, - indicates a decrease and 0 indicates no significant association.

Response Variable Trend
Vegetation Density < 1 Meter 0
Vegetation Density > 1 Meter 0
Understory Height 0
Bare Ground 0
Grasses 0
Forbs +
Shrubs 0
Trees 0
Mosses - (Grassland/Shrubland)
+(Forest)
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Figure 10. Effects plots showing the relationship between bison usage intensity and the percent

coverage of forbs and mosses.
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Birds

The detection rate (the number of times a species was recorded during a sampling session) across
all species decreased with increasing bison usage, decreased with increasing temperature, and has
decreased since 2018 (Table 3; Figure 11). The detection rateof all species surveyed was not significantly
associated with average rainfall (Table 3; Figure 11). Species richness has increased since the free-
roaming release of the bison in 2018 and was not significantly associated with bison usage, average
temperature, or average rainfall (Table 3; Figure 11).

When vegetation factors were accounted for, the detection rate across all species was not
significantly associated with bison usage, the number of years since the free-roaming release of the bison
in 2018, ecosystem type, average temperature, average rainfall, density below 1 meter, density above 1
meter, understory height, or the percent coverage of bare ground, grasses, forbs, shrubs, trees, or mosses
(Table 4, Figure 12).

There was also no significant association between species richness and bison usage, the number
of years since the free-roaming release of the bison in 2018, ecosystem type, average temperature,
average rainfall, density below 1 meter, density above 1 meter, understory height, or the percent coverage
of bare ground, trees, or mosses (Table 4, Figure 12).

Wilson’s Warblers have been detected less often since the free-roaming release of the bison in
2018 and in warmer years (Table 6; Figure 13). Wilson’s Warbler abundance was not significantly
associated with bison usage or average rainfall (Table 5; Figure 13). Brown-headed Cowbirds were less
likely to be detected in warmer years and were otherwise not significantly associated with bison usage,
the number of years since the free-roaming release of the bison in 2018, or average rainfall (Table 6;
Figure 14). White-crowned Sparrows were detected less often since the free-roaming release of the bison
in 2018 and in warmer years. White-crowned Sparrow abundance was not significantly associated with
bison usage or average rainfall (Table 7; Figure 15). When vegetation factors were accounted for, no
variables were impacted the detection of White-crowned Sparrows (Table 8). Townsend’s Warblers were

detected less often as bison usage increased and were otherwise not significantly associated with the
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number of years since the free-roaming release of the bison in 2018, average temperature or average
rainfall (Table 9; Figure 16).

Table 4. Generalised Linear Mixed Models of the effects of bison usage intensity, the total
abundance of all species sampled and species richness. Both models were fitted with Conway-

Maxwell Poisson distributions.

Res_ponse Model Factor Estimate Std. Error z-value  p-value
Variable
Total
Abundance
Bison Usage -0.0328 0.0072 -4.51 <0.001
Years Since -0.0262 0.0068 -3.85 <0.001
Reintroduction
Average Temperature -0.0745 0.0091 -8.14 <0.001
Average Rainfall -0.0006 0.0068 -0.82 0.410
Species
Richness
Bison Usage 0.0080 0.0119 0.675 0.500
Years Since 0.0540 0.0108 4.993 <0.001
Reintroduction
Average Temperature 0.0215 0.0143 1.503 0.133
Average Rainfall 0.0012 0.0013 0.930 0.352
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Figure 11. Effects plots showing the relationship between bison usage intensity and the total

abundance of all species surveyed.
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Table 5. Generalised Linear Mixed Models of the effects of bison usage intensity, understory height,

density, and composition on the total abundance of all species sampled and species richness. Both

models were fitted with Conway-Maxwell Poisson distributions.

Response Model Factor Estimate Std. Error z-value p-value

Variable

Total

Abundance
Bison Usage -0.0162 0.0378 -0.430 0.667
Years Since -0.3454 0.1834 -1.882 0.059
Reintroduction
Grassland/Shrubland 0.0265 0.1388 0.191 0.848
Average Temperature -0.1720 0.0764 -2.246 0.024
Average Rainfall -0.0074 0.0207 -0.610 0.541
Density < 1 Meter -0.0012 0.0098 -0.123 0.901
Density > 1 Meter 0.0122 0.0139 0.880 0.378
Understory height -0.0099 0.0105 -0.929 0.353
Bare ground Coverage 0.0350 0.0409 0.856 0.392
Grass Coverage 0.0427 0.0409 1.044 0.296
Forb Coverage 0.0537 0.0412 1.302 0.192
Shrub Coverage 0.0428 0.0404 1.059 0.289
Tree Coverage 0.0024 0.0016 1.443 0.149
Moss Coverage 0.0271 0.0404 0.670 0.502

Species

Richness
Bison Usage 0.0283 0.0316 0.895 0.371
Years Since 0.0711 0.1149 0.619 0.536
Reintroduction
Grassland/Shrubland 0.0076 0.1087 0.070 0.944
Average Temperature 0.0103 0.0356 0.289 0.772
Average Rainfall -0.0062 0.0063 -0.977 0.328
Density < 1 Meter -0.0008 0.0068 -0.127 0.899
Density > 1 Meter -0.0062 0.9938 0.0066 -0.937 0.349
Understory height 0.0023 1.0023 0.0073 0.321 0.746
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Wilson’s Warbler

Table 6. Generalised Linear Mixed Models of the effects of bison usage intensity on the total

abundance of Wilson’s Warblers. Model was fitted with a Conway-Maxwell Poisson distribution.

Response Variable Model Factor Estimate Etr?or z-value p-value
Total Abundance
Bison Usage -0.0137 0.0357 -0.386  0.699
Years Since -0.1112 00312 -3557 <0.001
Reintroduction
Average Temperature -0.1318 0.0418 -3.155  0.001
Average Rainfall -0.0017 0.0030 -0.574 0.566
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Figure 13. Effects plot showing the relationship between the number of years that have passed since

the reintroduction occurred and the abundance of Wilson’s Warblers.

84



Brown-headed Cowbird

Table 7. Generalised Linear Mixed Models of the effects of bison usage intensity on the total

abundance of Brown-headed Cowbirds. Model was fitted with a Conway-Maxwell Poisson

distribution.
. . Std.
Response Variable Model Factor Estimate Error z-value p-value
Total Abundance
Bison Usage 0.0421 0.4157 1.013  0.310
Years Since Reintroduction -0.0583 0.0471  -1.236 0.216
Average Temperature -0.1262 0.0637  -1.979 0.047
Average Rainfall 0.0022 0.0052 0.431 0.666
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Figure 14. Effects plot showing the relationship between the number of years since the

reintroduction occurred and the abundance of Brown-headed Cowbirds.
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White-Crowned Sparrow

Table 8. Generalised Linear Mixed Models of the effects of bison usage intensity on the total

abundance of White-crowned Sparrows. Model was fitted with a Conway-Maxwell Poisson

distribution.
. . Std.

Response Variable Model Factor Estimate Error z-value p-value

Total Abundance
Bison Usage -0.0038 0.0262 -1.309 0.190
Years Since Reintroduction -0.0857 0.0251 -3.412 <0.001
Average Temperature -0.2080 0.0379 -5485 <0.001
Average Rainfall -0.0038 0.0025 -1.504 0.132

Table 9. Generalised Linear Mixed Models of the effects of bison usage intensity, understory height,
density, and composition on the total abundance of White-crowned Sparrows. Model was fitted

with a Conway-Maxwell Poisson distribution.

Response Variable Model Factor Estimate Etr?or z-value p-value

Total Abundance
Bison Usage -0.0164 0.0709 -0.232 0.816
Grassland/Shrubland 0.0077 0.3493 0.221 0.825
Years Since Reintroduction 0.1493 0.1722 0.867 0.386
Density < 1 Meter 0.0106 0.0229 0.464 0.643
Density > 1 Meter -0.0059 0.0320 -0.185 0.853
Understory height 0.0090 0.0232 0.388 0.698
Bare ground Coverage 0.0396 0.0626 0.633 0.526
Grass Coverage 0.0423 0.0608 0.696 0.486
Forb Coverage 0.0484 0.0585 0.828 0.408
Shrub Coverage 0.0381 0.0575 0.663 0.508
Moss Coverage 0.0674 0.0617 1.092 0.275
Tree Coverage -0.0053 0.0033 -1.575 0.115
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Figure 15. Effects plot showing the relationship between the number of years since the

reintroduction occurred and the abundance of White-crowned Sparrows.
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Townsend’s Warbler
Table 10. Generalised Linear Mixed Models of the effects of bison usage intensity on the total

abundance of Townsend’s Warblers. Model was fitted with a Conway-Maxwell Poisson

distribution.
. . Std.
Response Variable Model Factor Estimate Error z-value p-value
Total Abundance
Bison Usage -0.2082  0.0856  -2.432 0.015
Years Since Reintroduction -0.1007  0.0581  -1.733 0.083
Average Temperature -0.0153 0.0802 -0.192 0.848
Average Rainfall 0.0138 0.0087 1584  0.113
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Figure 16. Effects plot showing the relationship between bison usage intensity and the abundance of

Townsend’s Warblers.
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Table 11. Noted trends in bird abundance, species richness, the abundance of Wilson’s Warblers,
Brown-headed Cowbirds, White-crowned Sparrows, and Townsend’s Warblers in response to
bison usage intensity. + Indicates an increase, - indicates a decrease and 0 indicates no significant

association.

Response Variable Trend

Total Abundance

Species Richness

Total Abundance (With Vegetation Factors)
Species Richness (With Vegetation Factors)
Wilson's Warblers

Brown-headed Cowbirds

o O o o o o

White-crowned Sparrows

Townsend's Warblers -
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Table 12. Noted trends between 2015 - 2022 in bird abundance of other bird species detected within
the reintroduction zone. Birds with fewer than 5 observations or no significant association were

omitted from this table. + Indicates an increase, - indicates a decrease.

Response Variable Trend

Canada Jays -
Chipping Sparrows -
Mountain Bluebirds -
Northern Flickers -
Pine Siskins -
Red Crossbills +
Swainson’s Thrush -
Varied Thrush +
Vesper Sparrow -
Warbling Vireo -
Wilson’s Snipe -
White-winged Crosshill -

Yellow-rumped Warbler -
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Discussion

| addressed two questions with this study: Does bird abundance, bird species richness, vegetation
structure and vegetation composition differ as bison use a site more frequently? And if so, can we
attribute the differences in the bird community to changes in the vegetation community?

My results indicated that the percent coverage of forbs increased with increasing bison usage
(Table 3). The percent coverage of mosses expressed a different response to increasing bison usage
depending on ecosystem type, as it would decrease in grassland/shrublands and increase in forests (Table
3). | found no significant trends in the bird community in relation to increasing bison usage once
vegetation factors were controlled for in my model (Table 11). When vegetation factors were excluded
from my models, total abundance decreased with increasing bison usage and the abundance of
Townsend’s Warblers decreased with increasing bison usage (Table 11). Thus, | have found that bison do
impact both vegetation and birds living within the patches of land that they visit frequently, with the
abundance of Townsend’s Warblers and the overall bird community decreasing with increasing bison use.
Increasing bison use was associated with increased forb coverage well as increasing moss coverage in

forests and decreasing moss coverage in grasslands/shrublands.

Vegetation

Changes in vegetation structure were associated more closely with different ecosystem types
rather than bison usage. The reintroduction is still in its initial stages, with the bison herd freely roaming
the landscape since July 28" of 2018 and increasing to a population of eighty-eight members as of August
of 2022 (Heuer, 2019; Ellis, 2022). It is likely that any effects the bison are having on the vegetation
community at this stage of the reintroduction are highly localized. Still, by looking at bison
reintroductions elsewhere in the world, as well as at the role bison historically played in grassland
ecosystems, we may gain insights into how they will work to prevent the expansion and re-establishment

of forests after fires in the coming decades.
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The low population of the bison herd and the relative lack of time they have had to influence the
landscape is likely why there was no noted effect of bison usage on vegetation structure in my study. This
also indicates that the bison may not yet have had a significant impact on other species using the
landscape such as birds or other large herbivores. Bison do not necessarily compete directly with other
grazers and their presence may not diminish the quality of forage available to other grazers (Ranglack et
al., 2015). Despite this, bison may still have a deleterious effect on other species in an ecosystem as they
consume or otherwise disturb the plant communities they depend upon, as seen in riparian areas within in
Yellowstone National Park in the US (Kauffman et al., 2023). Much of this is contingent on how many
bison are present in a landscape, as when bison are not limited to small spaces at high stocking rates, they
have been shown to increase the biodiversity of birds in arid grassland ecosystems (Boyce et al., 2022;
Fagre et al., 2022). The population of the Banff herd is expected to continue to grow exponentially and as
it does, we may start to see highly localized effects on the landscape, particularly when the herd reaches

higher population densities (Fuhlendorf, & Engle, 2001; Parks Canada, 2022).

Bison do not graze randomly and instead seek out patches with high nutritive qualities,
particularly those that have been burned or that have a high composition of grasses (Vinton et al., 1993).
Thus, a reintroduction of bison can result in increased structural heterogeneity as they preferentially graze
across a landscape and create a “patchwork” of intensively and lightly grazed areas (Henebrey, 1993).
Paradoxically, intensive usage can also sometimes be associated with increases in vegetation density and
height, as the edges of intensively grazed patches can see an increase in productivity when space opens
for established plants to expand into (Franco & Harper, 1988). Sex ratios in a bison herd may influence
how the vegetation community responds, as male and female bison roam in separate groups outside of the
rut and have been shown to have different dietary preferences from one another; such as females
expressing a preference for C. grasses when compared to males (Rosas et al., 2005). The Banff bison herd

is comprised mostly of females to encourage population growth in these early years; thus, their usage
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patterns and the overall changes to vegetation structure they make at these localized scales may change in

the future as the sex ratio of the herd becomes more even (Heuer, 2019; Rosas et al., 2005).

Neither vegetation density nor height were significantly influenced by temperature or rainfall
amounts in the years | studied. It is possible that the small number of years examined is not a long enough
time scale to examine any significant changes from these forces, particularly as it is usually studies
including datasets that span decades that have associated significant changes in vegetation structure with
changes in mean annual temperature and precipitation (Chen et al., 2015). Work by Shyrock et al. (2015)
found that annual precipitation was an important driver in the recovery of grassland vegetation structure
following a disturbance like fire; thus, as the bison herd grows, and the scale of the disturbances they
cause grows in turn, climatic factors like precipitation will be of importance in determining how rapidly

and to what state these plant communities recover.

Changes in vegetation have been noted to occur within as little as 6 years of a bison
reintroduction (Dvorsky et al., 2022). Forbs were shown to be more common with increased bison usage,
and mosses had an interaction with both bison usage and ecosystem type, as they were more common
with increasing bison usage in forest ecosystems and became less common with increasing bison usage in
grassland/shrubland ecosystems. Bare ground, rocks, and pine needles are less common in
grassland/shrubland ecosystems, while grasses are more common in grassland/shrubland ecosystems.
Bison, being ecosystem engineers, can impact the plant community of the landscapes they roam within in

a variety of ways, benefiting some types of plants while negatively impacting others.

Bison co-evolved with grasslands in North America and have been associated with introducing
greater plant species diversity when compared to cattle (Towne et al. (2005); Karp et al. (2018); Tarleton
& Lamb, 2020). As bison preferentially graze on grasses, forbs experience less competition and can
expand across the grazed area, this “competitive release” was evident in my study, with forb coverage

increasing with increasing bison usage (Knapp et al., 1999). Work by Elson & Harnett (2017) found that
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grazing by bison resulted in an increase in both the abundance and species richness of forbs in grasslands.
Bison tend to consume a greater proportion of forbs in times of nutritional stress, though this may be
remedied by increasing protein percentages in what grasses are present on a landscape using prescribed
burns (Craine et al. 2015). The presence of wetlands within the reintroduction zone may also mediate this
response as Blackburn et al (2021) found that bison in a restored grassland preferentially consumed forbs
over grasses around wetlands in the late summer and fall. Forbs tend to respond to disturbances like
grazing or fire on a species-specific level, thus future research may wish to examine the response of the
different forb species within the reintroduction zone (Biondini et al., 1989). An increase in the coverage
of forbs on the landscape also carries implications for the bird community. Forbs can benefit some birds
by providing perches to sing and entice mates upon and may also function as nesting material (Patterson
& Best, 1996). Forbs may also provide a diverse food source for birds that can provide food over a longer
period as different forbs flower and seed throughout the year (Vickery et al., 2002; Schmidt et al., 2022).
Forbs like wildflowers also help to form a more heterogeneous vegetation structure across the landscape

and aid in obscuring birds and their nests from predators (Hummel et al., 2017).

While the decrease in the percent coverage of mosses within grassland/shrubland ecosystems was
minimal, forests saw a marked rise in mosses as bison usage increased. This is paradoxical since most
subalpine coniferous forests in the Canadian Rockies are home to long-lived feather mosses that we
would expect to decline as bison disturb their habitat (Gadd, 2009; Turetsky et al., 2010). However, this
may be explained by the differing microclimates within a forest, where a drier microclimate might
discourage the growth of bryophytes and other plants and wetter ones might encourage that growth
(Busby et al., 1978; Skre & Oechal, 1981). If these other plants are also palatable to bison or offer other
advantages like cover from predators when they are traveling through forest ecosystems, then that may
explain the associated increases between bison usage and mosses (Jaroszewicz et al., 2021). Bison
moving through these forests will likely cause repeated disturbances to the plant communities present

within them. As plant communities recover from a disturbance, they can experience significant changes in
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their composition; this is because the pathways of succession for plant communities are not pre-
determined and can be affected by a wide variety of fixed factors such as the topography around a site and
random factors like the frequency of disturbances a site experiences. (Kayes et al., 2010). As time goes on
and the herd disturbs more of the land, we may start to see declines in long-lived species of forest
bryophytes that may be replaced by more disturbance tolerant bryophytes (Turetsky et al., 2010; R.
Belland, Personal Communication, December 22, 2022). Disturbance from the Banff herd in grasslands in
the reintroduction zone may also be felt at highly localized scales; for example, bison selectively graze
closer to wetlands that will naturally contain greater percentages of bryophytes than would be found in the
drier sites (Blackburn et al., 2021; Kauffman et al., 2023). Mosses can form an important part of the
nesting material used by different species of birds (Breil & Moyle, 1976; Andreas, 2010; Hamao et al.,
2016). Some species of birds are known to consume mosses as part of their diet, though this has not been
noted in species present in my research area (Gunathilaka, 2019). Mosses may also provide other services
to birds, such as bathing material when the moss is saturated with water, or by forming hummocks that
provide birds with perches for calling or watching for predators (Glime, 2017). Conversely, birds may

also aid in dispersing moss spores and allowing them to propagate in new areas (Glime, 2017).

Bison have shown a preference for grasses in mountain grasslands, with the diet of the Henry
Mountains bison herd in Utah being almost exclusively grasses (Van Vuren, 1984). While there was no
significant reduction in grass coverage due to bison grazing in my study, the increase in forbs that was
noted was likely due to a competitive release caused by bison preferentially grazing on grass. Grasslands
subject to long-term usage by bison may show marked differences when compared to undisturbed
grasslands. Veen et al. (2008) found that patches that had been grazed by bison saw increased species
richness and decreased dominance of a few grass species when compared to ungrazed patches. For
instance, female bison will preferentially graze on C4 grasses and can result in increased coverage and

diversity of C3 grasses in the initial stages of grazing, though this effect can be moderated by colonization
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from forbs instead of C3 grasses into these patches (Plumb & Dodd, 1993; Jackson et al., 2010; Rosas et

al., 2005).

The decline in the percent coverage of bare ground in grasslands when compared to forest
ecosystems was due to the needles that fall from conifers and cover the forest floor. While some studies
have reported issues with abortions rising from cattle and bison herds that consume an excessive amount
of pine needles, the relative lack of barriers to movement and amount of superior forage available to the
Banff bison herd should minimize this risk (Short et al., 1992). Overgrazing in some areas can rarely
result in an increase in bare ground as vegetation is removed from a patch of land and should be carefully
monitored in landscapes containing ungulates like bison and elk (Pengelly, 1963; Singer et al., 1998).
Indigenous peoples understood this well and regularly set fires within the landscape to encourage bison to
return to different hunting grounds each year and resuming this practice will likely aid in having the herd
move to new areas in the reintroduction zone, possibly offering some relief to other patches that they had
been using intensely (Arthur, 1974; Anderson & Barbour, 2003). Maintaining or expanding the amount of
land available to the herd in addition to regular prescribed burns will be key in reducing the risk of

overgrazing as the herd population increases.

Traditional knowledge from Elders of the Stoney Nakoda First Nation has highlighted the
importance of willows that grow at high altitude as part of the winter forage for the plains bison in the
Canadian Rockies (Stoney Nakoda Nations, 2022). Due to my study taking place entirely within valley
bottoms at lower elevations this consumption may not have been captured. Additionally, a study by
Kowalczyk et al. (2021) found a significant reduction in woody, shrubby vegetation after European bison
had been reintroduced to an ancient forest in Poland. This study also noted that the bison were most likely
to graze in areas that were in initial stages of succession rather than in late succession closed canopy
forests (Kowalczyk et al., 2021). A study by Tareton and Lamb (2021) found negligible impacts of

reintroduced bison in Riding Mountain National Park on the shrub community and asserted that fire was a
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necessary disturbance before bison could affect the proportion of shrubs, particularly established, dense

stands.

Trees were rarely captured by the vegetation surveys (N = 15) and thus | am extremely cautious
in my interpretation of these results. However, it is likely that any effects of the Banff bison herd would
be on younger, early seral-stage forests. Bison historically were known to ‘hold back’ these forests
following a disturbance, consuming tree saplings, and preventing their re-establishment (Campbell et al.,

1994.

Plains bison reintroductions are an important part in conserving the species itself and restoring
historical disturbance regimes within their former range (Allred et al., 2011). Bison are also an important
aspect of many Indigenous cultures and restorations involving them are a key part in restoring Indigenous
sovereignty over their land (Taschereau, 2020). A deeper understanding of how bison modify the
vegetation structure and composition of landscapes they live upon will help land managers understand
their importance and the benefits they can provide to other species living on the landscape through those

modifications.

Birds

Bison had few apparent impacts on the birds surveyed in my study. Total bird abundance was
associated with a decline as bison usage increased. However, once vegetation data were added into the
models, no significant effects were noted. | had originally expected changes to vegetation structure to be
the main mechanism by which birds might be affected by the bison, though the bison only significantly
affected the percent coverage of forbs and of mosses. This change in percent coverage of forbs and
mosses seems to have had an overall negative effect on birds in the reintroduction zone, with the overall
abundance of birds in the reintroduction zone showing a decline with increasing bison presence while the
coverage of forbs showed an increase, and the coverage of mosses showed an increase in forests and a

decrease in grasslands with increasing bison usage.
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Noted changes to forb and moss coverage by bison may have significantly affected the
abundances of birds living in the reintroduction zone. Increased forb coverage can often come at the
expense of grass coverage as bison preferentially graze grasses over forbs. Patterson & Best (1996)
suggested that some birds may express a preference for patches with a greater proportion of grasses
compared to forbs and thus if the relative proportion of grasses is lowered, then the abundance of those
species may decline. Still, this decline is somewhat perplexing as forbs still offer high quality seeds and
nesting material and in the case of my study, I did not see a corresponding significant drop in grass
coverage at sites that were used more heavily by bison (Dickson et al., 1996). A decline in bird abundance
given increasing moss coverage in forests is perplexing as well, as birds have been noted as playing an
important role in dispersing moss spores (Chmielewski & Eppley, 2022). Though it is also possible that
too high a proportion of mosses on the forest floor may result in a lack of other vegetation that would

otherwise be used for nesting or that may carry more abundant insect communities for birds to consume.

Many of the bird species that showed a decline such as the Yellow-rumped Warbler (Setophaga
coronata), Chipping Sparrow (Spizella passerina), White-winged Crosshill (Loxia leucoptera), Warbling
Vireo (Vireo gilvus) and Swainson’s Thrush (Catharus ustulatus) are species dependent on forested
habitats (Table 12). While there have been fewer studies done on the effects of bison on forest birds, some
studies have noted that the effects of their presence may be complex. For instance, bison fur may provide
nesting material for some birds, while their tendency to rub against woody vegetation can disturb nesting
sites and other critical habitat (Sanderson et al., 2008). The life-history strategy of a bird may factor into
its response to disturbances from large herbivores as well, with one study in the interior mountains of
British Columbia noting that forest birds that consumed insects within bark responded positively to cattle
presence while aerial insectivores declined with cattle presence (Whitehorn et al., 2011). Many of these
bird species have also experienced a decline over time, so it is also possible that they are declining due to
a reason other than the bison. Though regardless it is possible that bison contributed to this trend since

these are birds that have established themselves over the last decades in a bison-free landscape, and those
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that are in decline are likely sensitive to the disturbances caused by bison. In the very long term, it is
likely that species which prefer the disturbed habitats that bison create will enter the reintroduction zone,

leading to a more diverse set of ecosystems in the coming decades.

Past studies have noted the importance of bison in creating a heterogenous vegetation structure
across a landscape as they preferentially use certain spots over others; however, these studies have been
performed on herds with a higher population and that are occupying smaller spaces than Banff’s herd
(Knapp et al., 1999; Fagre et al., 2022). The Banff bison herd have patches within their reintroduction
zone that they prefer to spend time in; the effects from this are highly localized and are likely not being
captured by the monitoring program that is set up to cover a 1200 km? area. In this regard, it is possible
that two things are happening. The first is that the scale of the disturbance from the bison herd is so
localized that birds that are being displaced by them can easily find alternate, undisturbed sites. The
second is that there may not have been sufficient time for birds that benefit from disturbances caused by
the bison herd to locate these patches of suitable habitat, or that there may not be enough of this habitat

that has been created to yet support a significant number of these disturbance-tolerant species.

The presence of bison on a landscape can support increased biodiversity among birds and other
species as bison use different patches at varying intensities and increase habitat heterogeneity across the
landscape (Fagre et al., 2022). However, in the short term the effects of this increased heterogeneity and
the resulting increases in biodiversity can be less apparent, and there are questions as to whether the
presence of bison on a landscape is influencing some species, as some may not be affected by the
presence of bison until the herd is sufficiently large or enough time has passed for them to alter the
vegetation of the landscape sufficiently (Herakovich et al., 2021). The scale and uniformity of the
disturbances matter as well; as noted by Powell (2006), widespread burning and intensive usage in a
grassland ecosystem led to population declines in some grassland songbirds as habitat heterogeneity

declined. In a study of the impacts of a low density, moderately grazed enclosure of bison on grassland
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songbird, Sliwinski (2011) found that most of the focal species in the study declined with increasing bison

usage, but that increasing usage also led to increased species richness.

The lack of effect the Banff herd is having on species richness is not unprecedented, as
Herakovich et al. (2021) found that there was no noticeable impact of a reintroduced herd of plains bison
on the species richness of grassland birds in a restored tallgrass prairie. They postulated that this may
have been due to the low density of the bison herd having little impact on the vegetation structure of the
study site (Herakovich et al., 2021). Researchers working with larger herds in the National Bison Range
in Montana and Yellowstone National Park in Wyoming have noted an increase in grassland songbird
richness as bison usage increased on the landscape, though cautioned that bison usage intensity ought to
be varied enough to ensure habitat is created for the widest variety of species (Fagre et al., 2022).
Monitoring the changes bird communities induced by the Banff herd over the long term will be important,
as the scale of both the herd’s potential population and the amount of habitat available to them may result
in novel changes to bird populations not otherwise noted in reintroductions of smaller, more constrained
herds (Boyce et al., 2021; Sliwinski and Koper, 2015). Bison fulfilling their historical role of creating
heterogeneous habitat across the landscape that is used by the herd at different intensities will be a key

part in increasing grassland songbird species richness into the future (Henebrey, 1993).

While Wilson’s Warbler numbers have declined since the reintroduction occurred, it is difficult to
link this change to the bison themselves. One method by which Wilson’s Warblers have been known to
decline is by the increased consumption and trampling of shrubs by herbivores (Baril et al. 2011).
Willows and thickets in riparian zones form part of the habitat used by Wilson’s Warblers and work in
Yellowstone National Park has shown that large herbivores like moose can decrease the abundance of
birds dependent on those habitats via consumption or trampling of the vegetation (Berger et al., 2001;
Gadd, 2009). However, given the lack of any significant reduction in shrub coverage by the bison, it is
unlikely that this is taking place at any meaningful scale due to the Banff herd. In fact, Wilson’s Warblers

have even been shown to benefit from the thinning of tree canopies and may be able to access new habitat
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in forests that are opened by bison following a fire (Stuart-Smith et al., 2006). Warbler nests have also
been recorded as being parasitized by Brown-headed Cowbirds, though Brown-headed Cowbird numbers
have not increased significantly since the start of the reintroduction (Chace & Cruz, 1998). There are
other factors beyond Banff National Park that are responsible for the decline, particularly given declining
trend of these and other songbirds in North America as well as the fact that Wilson’s Warblers spend most
of the year outside of Banff National Park (Rosenberg et al., 2019). Any notable increase or decrease in
Wilson’s Warblers will require far more bison and far more time to have passed before they may become
apparent, and as of right now it does not appear as though the bison are significantly affecting Wilson’s
Warbler populations in the reintroduction zone. In the future, however, Wilson’s Warblers may
experience population declines if the Banff herd trample and browse on the riparian shrubs that form their

habitat.

Brown-headed Cowbirds had no significant response to the bison, showing results consistent with
work by Bock et al. (1993) on cattle grazing in the great plains, where Brown-headed Cowbirds showed
little response to increased cattle usage. Sliwinsky (2011) found that Brown-headed Cowbird abundance
increased immediately following the introduction of cattle onto a grazing enclosure but did not continue
to increase with increased stocking rates. The detection frequency of Brown-headed Cowbirds was also
found to be unaffected by the presence of bison at low herd densities in a study by Herakovich et al.
(2021). In a similar study at the Konza Prairie Biological Station, Powell (2006) found that the abundance
Brown-headed Cowbirds exhibited no response to the presence of bison or fire in their habitat. Powell
(2006) considered that because Brown-headed Cowbirds can utilize a wide array of habitats across a large
range when compared to other songbirds, they may be less affected by disturbances like bison and fire.
Importantly, my study captured Brown-headed Cowbird abundance via acoustic recordings of bird song,
which are typically performed by males and thus may not have fully captured the abundance of female
cowbirds that parasitize the nests of other birds (Norman & Robertson, 1975). Brown-headed Cowbirds

observed near modern bison herds will often feed in areas where plains bison are foraging and are willing
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to travel as far as ten kilometers from potential mates to access those feeding areas (Goguen et al., 2005).
Further evidence for this ability to travel is provided by Rothstein et al. (1984), who noted ranges of 2.1 -
6.7 kilometers for Brown-headed Cowbirds to travel to horse corrals and feeders. That large range can
come at a cost to Brown-headed Cowbirds, however, as their ability to effectively parasitize the nests of
other birds may be mediated by the movement of the bison herds taking them further from breeding
grounds (Goguen et al., 2005). It is entirely possible that the Banff bison herd will not be responsible for
an increase in abundance of Brown-headed Cowbirds so much as an increase in their range, allowing
them to access habitat they would not have been able to before. For instance, bison historically allowed
cowbirds to exist at higher elevations and could increase the parasitism rates on songbirds that nest at

those high elevations (Chace & Cruz, 1998).

Past studies have shown that White-crowned Sparrows exhibit a wide range of responses to
disturbances caused by large herbivores, and in this study were shown to have decreased in the years
since the reintroduction. It is difficult to say whether this was a result of the bison reintroduction,
however, as when vegetation factors were included in the model there were no significant associations
between White-crowned Sparrow abundance and any factor in the model. Still, work with other bison
herds may offer insights into some mechanisms by which Banff’s bison may have affected White-
crowned sparrows in the future. Bock et al. (1993) predicted that White-crowned Sparrows in shrubby
habitats would be negatively affected by increased cattle grazing due to the removal of ground cover. This
ground cover would otherwise obscure the nests they build in low shrubs or on the ground itself (Gadd,
2009). White-crowned Sparrow abundance may also potentially be reduced by bison rubbing on dead
trees and removing the branches that White-crowned Sparrows use to aid in their foraging (Knopf et al.,
1988). Fire may serve to mitigate these effects, as work by Porzig et al. (2018) found that White-crowned
Sparrows selected for early successional stage habitat. However, increased usage by bison after a burn
may remove ground cover and lead to increased nest predation which was a major source of nest failure

(Porzig et al., 2018).
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Townsend’s Warblers are a forest species and make their nests in tall conifers and it is
unsurprising that they are less associated with the open grasslands where the Banff herd is at its densest
(Gadd, 2009). The tendency of bison to convert forests to grasslands holds important implications for this
species and many other forest obligates. Townsend’s Warblers have been shown to respond poorly to
reductions in canopy cover that can result from disturbances like bison and fire (Campbell et al., 1994;
Collins & Calabrese, 2012; Sallabanks et al., 2006). Thinning of a tree stand in Oregon was found to
result in twice the number of Brown-headed Cowbirds than in a non-thinned stand while Townsend’s
Warblers were not present in the thinned stand but were present in the non-thinned stand (Bull et al.,
1995). Townsend’s Warblers can still maintain their populations well given sufficient overstory trees left
over after a disturbance like fire or logging (Stuart-Smith et al., 2006). It is likely that if major
disturbances like fire open late stage, closed canopy forests within the reintroduction zone and if the bison
prevent the re-establishment of those forests after they have burned, then there will be a reduction in
species dependent on those forest habitats like the Townsend’s Warbler. But if the influence of bison is
limited to their movements through forests and their occasional mechanical destruction of younger trees,

then it is likely that species like the Townsend’s Warbler will be unaffected.

Predictions for the Future

While the ecosystem in which the Banff bison have been reintroduced to is incredibly dynamic
and will be subject to much change in future decades as the climate continues to warm, it is possible to
predict how the populations of some bird species living within the reintroduction zone might change in
the future by considering how bison disturb and transform landscapes they exist within (Bhning-Gaese
et al., 2004). In doing so | assume two things: 1) the warming climate and shifting priorities for Park
management means there will be more frequent wildfires in the reintroduction zone, and 2) that the bison
population will continue to increase to the projected carrying capacity of between six hundred — one

thousand animals (Steenweg et al., 2016).
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I have selected five other species for my predictions to assess other common birds living within
the reintroduction zone: (America Robin [Turdus migratorius], and Canada Jay [Perisoreus canadensis])
as well as species of special concern for Banff National Park: Common Nighthawk [Chordeiles minor],
Evening Grosbeak [Coccothraustes vespertinus], and Olive-sided Flycatcher [Contopus cooperi].

American Robins are found most often in forested environments within the Canadian Rockies and
can be found up to the treeline (Gadd, 2009). | would expect American Robins to experience a reduction
in presence within the reintroduction zone if increased fire frequency and grazing by bison converts some
of the reintroduction zone from forest habitat to grassland/shrubland habitat. | would also not expect any
potential increase in Brown-headed Cowbird populations due to the bison to negatively affect American
Robins as they are able to consistently detect and reject the eggs of Brown-headed Cowbirds laid in their
own nests (Cruz et al., 2001). American Robins may benefit by the increase forage available from the
insects that bison typically introduce to patches that they move into (Moran, 2014). American Robins are
widespread across the reintroduction zone, and | do not predict their numbers trending in any significant
way as bison provide both benefits and costs to American Robins (Table 13).

Canada Jays are common to forests in the subalpine and montane ecoregions in the Canadian
Rockies (Gadd, 2009). Like American Robins, they may experience some population decline if forest
habitats are converted to grasslands/shrublands while also benefiting from the increased insect abundance
that bison bring. A current threat to Canada Jays is increased freeze-thaw events due to climate change in
the fall and early winter that led to their food caches rotting (Sutton et al., 2019). Thus, | would attribute
any future population declines in the species within the reintroduction zone to climate change rather than
bison (Table 13).

Common Nighthawks are seen within open, forested areas in the Canadian Rockies (Gadd, 2009).
They are also listed as threatened on the Species at Risk Act, with some potential sources of the decline
being listed as habitat loss, reduced insect prey, and fire suppression (Environment Canada, 2016a). Open
forests, particularly those where disturbances like burns have occurred, are preferred habitat for Common

Nighthawks (Foley, 2018). They are a species that may benefit from the long-term effects of fire and
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bison on the landscape, as bison trample and consume forest regrowth following a fire and help to
maintain open patches of habitat (De Grandpré et al., 2000; Simonson et al., 2014). Even in the absence
of fire, bison may help to open forests through mechanical removal of trees, as we witnessed a male bison
toppling three young lodgepole pine trees by rubbing against them during a field outing in August of
2022. | predict that the bison herd will benefit the Common Nighthawk by helping to restore critical
habitat in the form of disturbed, open-canopy forests (Table 12).

Evening Grosbeaks are commonly found in the forests of the lower subalpine ecoregions of the
Canadian Rockies (Gadd, 2009). They are listed as a species of special concern on the Species at Risk Act
partially due to a reduction in mature mixed wood and conifer forests (Environment Canada, 2022).
Evening Grosheaks selectively use older trees as nest-building sites and typically build their nests high up
and close to the tree trunk to shield the nests from the elements and from predators (Bekoff et al., 1987).
The prey provided by these forests are important to Evening Grosbeaks as well as the birds show a strong
preference to consuming Spruce budworms and have been shown to avoid areas where mass tree die-offs
have led to a reduction in this food source (Gillihan & Byers, 2001; Mosher et al., 2019). | predict that the
bison herd will negatively affect the Evening Grosbeak by disturbing the mature, old growth trees that the
species rely upon for nesting and food, though the decline itself may not be very dramatic due to much
old-growth forest is available to these birds in the reintroduction zone (Table 13).

Olive-sided Flycatchers are found in open coniferous woods, particularly in places that have been
burned recently; the Canadian Rockies, including Banff National Park, form a sizable portion of their
breeding range (Gadd, 2009; COSEWIC, 2018). As of April 2018, they have been designated a species of
special concern by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC),
reflecting an improved situation from their former Threatened designation in November of 2007
(COSEWIC, 2018). Threats to the species on their breeding grounds in Canada have been identified as
habitat loss or degradation due to forest harvesting and disturbance by humans as well as changes in fire
regimes from climate change and fire suppression (COSEWIC, 2018). Olive-sided Flycatcher populations

often require a patchwork of different ecosystem types at the landscape scale to thrive, with a mix of old-
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growth forests mixed with patches that have been subject to natural disturbances (Haché et al., 2014).
Frequent, intense burns have been noted as a valuable tool in maintaining these open patches, though
bison may also act as a supplement to this due to their ability to consume regrowth from the forest and
keep those post-fire patches open and suitable for supporting high densities of Olive-sided Flycatchers
(Environment Canada, 2016b). | predict that in the long-term, Olive-sided Flycatchers will benefit from
the increased habitat heterogeneity bison bring to the landscape scale, particularly as they prevent forests
from re-establishing after a fire and aid in maintaining conditions that support high densities of Olive-

sided Flycatchers (Table 13).

Table 13. Predicted trends in bird abundance for two common and three at-risk species in Banff
National Park in response to long-term bison usage. + indicates a positive trend, - indicates a

negative trend, 0 indicates no significant influence of bison on the species.

Species name Predicted Trend
American Robin 0
Canada Jay 0
Common Nighthawk +

Evening Grosbeak -

Olive-sided Flycatcher +

Conclusions

The Banff bison herd is small and has only had five years to make some sort of impact on the
landscape they have been reintroduced to. Yet, my results show that the bison have made a noticeable

impact on forbs, mosses and by decreasing the overall abundance of birds within the reintroduction zone
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and these examples may provide a window of how the reintroduction zone and those living beings within
it may be changed by bison into the coming decades. The herd has been growing at a rate of 33 percent
per year over the last five years of the reintroduction project and could grow to over two hundred animals
within 8 years (Parks Canada, 2022). These minor changes in the ground cover of mosses and forbs, or in
the potential increases in species richness may only grow in scale as more bison roam and modify the
landscape. Being able to make predictions by looking at these results in conjunction with other
reintroduction projects and historical and traditional knowledge may help in guiding management
decisions. Generalist species like the American Robin or the Canada Jay are unlikely to be affected by the
bison herd in the long-run, while species requiring close-canopy forests like the Evening Grosbeak may
be negatively affected due to loss of their habitat (Table 12; Table 13). Species like the Common
Nighthawk or the Olive-sided Flycatcher that rely on natural disturbances that have been absent from the
park for many decades will benefit in the long run, taking advantage of the habitat heterogeneity bison
help to produce after a fire (Table 12; Table 13). Monitoring changes to the bird community and the
vegetation that they depend upon for habitat will continue to be of immense importance in tracking just

how the bird community is shifting in response to the bison herd.

Future research could benefit from looking at small scale, localized changes in the plant and bird
community at sites that bison are using particularly heavily. Identifying differences in the coverage of
different species of grasses and forbs in areas that the bison use at varying intensities could give insights
into how different species of plants in the Canadian Rockies respond to disturbances caused by the bison.
It may also be useful to investigate what sorts of characteristics allow different plants to thrive around the
bison. For example, whether a species can spread its seeds via bison consumption and deposition in fecal
pats. The effects of the bison on ground nesting bird species would also be an interesting avenue of
exploration, as these species are affected both directly and indirectly by actions of the bison such as

trampling or exposure of their nests to predators.
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The effects of bison reintroductions on the vegetation and the birds present within prairie
ecosystems have been investigated before (Powell, 2006; Vinton et al., 1993; Jackson et al., 2010; Elson
& Harnett, 2017). However, my work is unique in that it attempts to capture those effects in a
reintroduction that is occurring on a massive scale within the subalpine ecoregion of the Canadian
Rockies. As the range of the plains bison once reached the Eastern Rockies, this research can help to
serve as part of the knowledge base for other Indigenous groups, conservation agencies, or governments

who wish to reintroduce bison herds into the Canadian Rockies.
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Chapter 4: Summary & Management Implications

Summary

It is hard to overstate the scope of the Banff bison reintroduction in terms of both its ambition and
its actual physical scale. In my study | attempted to capture but one of many impacts the bison herd may
potentially bring in the coming years. The question | asked was twofold: what draws the bison to different
parts of the landscape and how are some of the creatures living in those different parts of the landscape

affected by how intensely the bison use those same areas?

In chapter 2 | investigated the first of those questions by performing a resource selection function
based on the GPS collar data following thirteen members of the herd’s movements throughout the
reintroduction zone. I found evidence for the Banff herd’s preference for spending time in areas that had
been experienced at least ten burns since 1909, and that were in grassier or shrubbier ecosystems close to

sources of water and on flat slopes.

In chapter 3 | found that vegetation structure changed with ecosystem type rather than bison
usage, with understory height and the density of vegetation below 1 meter increasing in
grassland/shrubland ecosystems and the density of vegetation above 1 meter decreasing in
grassland/shrubland ecosystems. Regarding the percentages of ground cover, the coverage of forbs
increased with increasing bison usage, the coverage of mosses increased with increasing bison usage in
forests but showed the opposite response in grasslands, and that bare ground, shrubs and trees showed no
response to any of the variables | investigated. When | examined the bird community, the total abundance
of the birds in the reintroduction area decreased with increasing bison usage However, once vegetation
was factored into the models there were no longer any significant associations between my factors and
bird abundance and species richness. | also examined four focal species within the bird community, with

Wilson’s Warblers and White-crowned Sparrows showing declines in abundance since 2018 and in
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warmer years, Brown-headed Cowbirds declining in warmer years, and Townsend’s Warblers showing
declines with increasing bison usage. Finally, | made predictions for how the bison herd would affect two
common bird species and three at-risk bird species in Banff National Park. | predicted that the common
species, American Robins and Canada Jays, would not be significantly affected by bison in the long run.
For the at-risk species, | predicted that Evening Grosbeaks would decline in population while Common
Nighthawks and Olive-sided Flycatchers would increase in population due to the changes bison make to

the critical habitat for all three species.

Management Implications

The Plains Bison truly encapsulates the title of ecosystem engineer. Forests are opened and
grasslands expand through their actions as they roam the mountain landscape (Babin et al., 2011; Knapp
et al., 1999). They, along with fire, are the great disturbances that create a patchwork of heterogeneity
across the land which displace some species whilst creating room for new ones (Henebrey, 1993; Truett et
al., 2001). It is a relationship that was well understood by humans who have maintained this land since
time immemorial, and one that would be wise to maintain in the years to come for the Banff herd

(Anderson & Barbour, 2003).

Banff National Park has decided to continue the plains bison reintroduction past the pilot stage
(Banff National Park, 2022). This is encouraging news, as it means we will be able to bear witness to the
long-term effects of a reintroduction on this scale. My results highlight just some of the complex

relationships that will play out in the coming years.

The Banff bison are unique from other reintroductions done in the prairies in their reluctance to
travel quite as far from water sources present in their home range as, though they exhibit the same
reluctance to scale steep slopes as other herds unless sufficiently high-quality forage is present at the top

of them. That desire for good forage may be what also motivates their preference for burned areas over
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unburned ones, as burns often contain nutritious, palatable plants as vegetation regrows (Verrall &
Pickering, 2019; Raynor et al., 2015; Proffitt et al., 2015). The preference the herd expressed for
grassland and shrubland ecosystems is unsurprising, as these ecosystems often contain more desirable
forage when compared to forests, though bison are known to forage within forests if better sources of
food are unavailable (Sanderson et al., 2008, Hecker et al., 2021, Keene et al., 2021). Predation risk may
have played a factor in how the bison selected for different sites on the land as well. Most of the collared
bison were female which could have led to a bias in selecting for more open habitats like grasslands and
shrublands because of a lower perceived risk of predation due to their tendency to travel in large groups
(Post et al., 2001). While the preference for wide open, grassy, and shrubby areas makes intrinsic sense
for a species like the plains bison, the Banff herd still makes use of the forests within the reintroduction
zone. Continuing to build an understanding of what forces drive resource selection by the bison will be
important in being able to decide how to best apply management practices like prescribed burning to

encourage biodiversity within the reintroduction zone.

One of the largest potential impacts of the bison on the landscape could be the prevention of
forests re-establishing themselves after a fire, leading to a greater proportion of grasslands on the
landscape in the coming decades. The current bison herd has not had the numbers nor the time to make
substantial changes to the landscape yet, but we can start to see some small effects at this early point in
the reintroduction. For instance, while there were no noted effects on vegetation structure, bison have
been associated with an increase in forb coverage. This is potentially due to bison opening room for forbs
to other species to expand into patches that they are disturbing through disturbances like grazing. The
overall lack of significant impacts from the bison herd on the vegetation community is an explanation for
the few responses that were noted in birds. However, again there were some small, early impacts that may

provide some insight into how things are starting to change.

Most bird species showed either a decline or no response at all to increasing bison presence or in

the years since the reintroduction took place. It is too early to say how much, if at all, the bison have
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influenced species richness, though in time the impacts of bison on the bird community in general may
become more apparent. We may see established species declining in number as their habitat is disturbed
and new ones are entering the ecosystem as space opens for them. Yet, given the declines grassland
songbirds have experienced due to habitat loss elsewhere, the conservation value of improving habitat for
grassland songbirds may be worth any potential losses to established closed-canopy forest species (Sauer

& Link, 2011).

Maintaining and potentially expanding the prescribed burning program will be important in both
creating good grazing habitat for the Banff herd and for allowing the land to resume its natural cycles of
disturbance. Additionally, the expansion of the reintroduction zone itself would be an admirable goal,
allowing for a greater population of bison to be sustained on the landscape and minimizing the risk of
over usage. An expansion into provincial lands to the east would also be a landmark achievement of inter-
agency cooperation along with Indigenous groups and local stakeholders; one that could set the standard

for similar reintroductions in North America.

It will be important to avoid the degradation of vegetative communities in the future, as it is a
problem faced by other wild plains bison herds in North America like in Yellowstone National Park
(Kauffman et al., 2023). The US National Park Service currently maintains a bison cull each year to
attempt to mitigate this issue in Yellowstone National Park (National Park Service, 2021). Parks Canada
would be wise to think towards a future where the bison herd sees this level of successful reproduction
and how that might be managed. Hunting by humans was historically one of the biggest sources of
mortality for bison, with buffalo jumps taking hundreds of animals and providing the necessities of life
for entire communities for a year (National Park Service, 2021). Beginning a hunting program with
Indigenous peoples within the reintroduction zone would be a major step towards reconciling National
Park management principles and Indigenous knowledge and sovereignty. A yearly bison harvest will
allow for an important cultural reconnection while maintaining management goals of preventing

landscape degradation.
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Continued collaboration with organizations like the Yellowstone to Yukon Conservation
Initiative and the signatories to the Buffalo Treaty will be an important goal in the long-term. Banff is but
one of many locations within which bison once roamed and can serve both as an example to strive for and
to learn from as other reintroductions on similar scales take place. In time we may very well see a
reconnection of bison in many senses. To the landscapes that they have been absent from for so long. To
the peoples to whom they hold immense cultural importance. And of the herds themselves, one day

flowing freely between this ‘patchwork’ of reintroduction zones, much as they once did.
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