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Abstract 

Plains bison (Bison bison bison) have been absent from Banff National Park (BNP) since before 

its establishment, primarily due to over-hunting in the 19th century. Reintroducing bison to BNP 

is an important step to restore the full diversity of species and natural processes in the Park’s 

ecosystem. The reintroduction of a dominant ungulate is expected to have a significant impact on 

the ecosystem through grazing and physical disturbance. My research assessed what impact 

reintroduced bison had in a 18 ha soft-release pasture system. I monitored the impact bison had 

on vegetation using a before-after control impact (BACI) experimental design. I also examined 

a) habitat selection b) diet and c) forage selection of bison. Data were collected in 2016 and 

2017, before and after the bison were reintroduced. My results showed bison selected burned 

forest (Manly’s selection ratio, β = 2.1) and grassland (β  = 1.6) landcover types. Bison strongly 

avoided the Panther river (β = 0.1), shrubland (β = 0.4) and gravel riparian (β = 0.4, CI = 0.3-

0.6) and to a less extent the winter pasture (β = 0.7) and vegetated riparian (β = 0.8, CI = 0.7-

0.9). Grass dominated bison diet in the summer (92%) which corresponded with strong selection 

for this vegetation type (β=1.9). Forbs and shrubs represented minor components of their diet 

(<1% & 7% respectively) and consequently were avoided (forb, β=0.03; shrub, (β=0.2). Bison 

browsing consisted primarily of Salix spp. Multivariate analysis of variance (MANOVA) on 

forage classes and herbaceous species confirmed that bison had strong impacts on vegetation 

through herbivory and physical impacts (forage class, F 1, 54 = 0.1, p=0.04; herbaceous species F 

1, 54 = 2.7, p=0.01). Grass cover decreased most significantly in grassland, which also contained 

cover of Festuca spp. a dominant grass found in bison diet (46.6%, Table 6). Burned forest 

contained substantial forb cover and biomass, and both decreased significantly in this landcover 

type however forbs were a minor component of bison diet. My results support Parks Canada’s 
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ecological motivations for bison restoration, however because impacts to shrub were minimal, 

Parks Canada’s desire for bison to reduce shrub encroachment and restore grassland vegetation 

might not be realized, especially when the bison population is small. Ongoing monitoring of 

ecosystem effects is essential for determining if bison in BNP reach ecologically effective 

densities and fulfill their ecological function. 
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Bison, bison reintroduction, habitat selection, bison diet, grazing impacts, forage selection 
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Introduction 

The North American bison (Bison bison) was an historically influential terrestrial wildlife 

species in North America, shaping early cultures (Danz, 1997; Boyd, 2003) and impacting 

ecosystems and landscapes (COSEWIC, 2013). Bison are the largest North American ungulate, 

and historically ranged widely over North America (Shaw, 1995; COSEWIC, 2013; Johnson, 

Haseltine & Cowardin, 1994; Boyd, 2003). During the 19th century, both wood (B.b. athabascae) 

and plains bison (B.b. bison) populations were driven nearly to extinction (Boyd & Gates, 2006) 

due to over-hunting for bison meat and hides (Gates & Aune, 2008). Wood bison were extirpated 

from the US, including Alaska, with only a small population remaining in Canada in an area now 

contained in Wood Buffalo National Park (COSEWIC, 2013). Plains bison were completely 

extirpated in Canada and only existed in small isolated herds in the U.S. (Gates, Freese, Gogan & 

Kotzman, 2010). The creation of Yellowstone National Park (YNP) and the actions of private 

citizens to protect individuals prevented the extinction of plains bison (Plumb, White, 

Coughenour & Wallen, 2009, Boyd, 2003).  

Currently, 500,000 plains bison exist in North America, although only 4-5% of the 

existing bison populations are managed for conservation and ecological restoration (Freese et al, 

2007; Boyd, 2003). While extinction is no longer a risk for plains bison (Boyd, 2003), scarcity of 

suitable habitat within the species original range due to agricultural development and intensive 

land constrains population increases or addition of new subpopulations (Johnson et al., 1994; 

Boyd, 2003; COSEWIC, 2013). Additional pressures that threaten the survival of wild 

populations include reductions in genetic diversity, disease, hybridization and inconsistent 

legislation and policies that govern the management of bison (Boyd, 2003; Boyd & Gates, 2006). 

The IUCN designated American bison as “near threatened” because there are a limited number 
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of viable populations which are isolated, and their survival beyond the next 5 years relies on 

conservation interventions (Aune, Jørgensen & Gates, 2017). In 2004, the Committee on the 

Status of Endangered Wildlife in Canada (COSEWIC) designated wild plains bison as 

“threatened” for the same reasons and also because nearly half of plains bison in Canada are 

located outside of the original range (COSEWIC, 2013). A petition to include plains bison under 

the U.S. Endangered Species Act (ESA) was rejected, and the U. S. Fish and Wildlife Service 

Region 2 classifies bison as ‘not sensitive’ (Gates et al., 2010). In the U. S., bison conservation 

efforts are guided by the Joint Bison Management plan and the Department of Interior’s Bison 

Conservation Initiative (Gates et al., 2010).  

Although bison were historically a native ungulate in the Banff National Park (BNP) 

area, they have been absent from the park since it was established. The reintroduction of a 

dominant ungulate such as a bison is expected to have a significant impact on the ecosystem 

through grazing and physical disturbance (Knapp et al., 1999). The goal of my Masters thesis 

research is to take advantage of a unique opportunity to evaluate the ecosystem effects of plains 

bison in a soft-release pasture used prior to bison reintroduction to BNP in spring of 2018. Since 

bison have been absent from the reintroduction site for a long period of time, limited information 

exists on their former habitat relationships (Steenweg, Hebblewhite, Gummer, Low & Hunt, 

2016). This study will provide an opportunity to establish baseline data and monitor how bison 

interact with the BNP ecosystem. The results of this study could provide Parks Canada and other 

agencies considering bison restoration with valuable insight into bison ecosystem interactions. 

 Before I provide my scientific research questions, methods, and goals, I first review 

relevant aspects of bison ecology to situate my research.  I then review the ecological rationale 



EVALUATING IMPACT OF REINTRODUCED BISON IN BNP 24

for bison reintroduction to BNP, as well as the practical considerations that influenced my 

research design.   

Bison Ecology 

There are two subspecies of bison, plains bison and wood bison, which are genetically 

and morphologically distinct (COSEWIC, 2013).  The historical northern limit of the plains 

bison population and southern limit of wood bison coincided with the transition between the 

Boreal Forest and Parklands (Van Zyll de Jong, 1986). Wild bison have been reported to live 

over 20 years (Meagher, 1973), however on average, a bison is considered aged at 15 (Fuller, 

1991). While males and females look similar, they are sexually dimorphic with males having 

larger body size and horns with a broader head shape than females (Meagher, 1973). Males 

outweigh females averaging 700-900 kg in comparison to females averaging 400-600 kg 

(Chapman & Feldhamer, 1982). Bison are polygynous which means mature males compete for 

multiple mating opportunities (Chapman & Feldhamer., 1982) during the rut which typically 

occurs from July until early September (Kirkpatrick, Gudermuth, Flagan, McCarthy & Lasley, 

1993). Bison are monoparous and the typical age of first reproduction in cows is 3 or 4 years old. 

In some herds, there have been documented conceptions in yearlings and 2-year olds (Meagher, 

1973; Fuller, 1961; Halloran, 1968). Males have the ability to reproduce at age 2 or 3 (Fuller, 

1991, Chapman & Feldhamer, 1982) however they typically participate in the rut around age 5 or 

6, when they are large enough to achieve high status within the herd (Meagher, 1973; Maher and 

Byers, 1987). Throughout most of the year, adult males form smaller groups separate from the 

main herd which consists of cows, calves and immature males (Meagher, 1973). 

Bison have the most extensive historical range of any indigenous ungulate species in 

North America (Gates et al., 2010). They can persist in desert and cold sub-arctic winter 
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conditions and in heavy snow-covered mountain valleys, grasslands and meadows (Sanderson et 

al., 2008). They have adapted unique foraging techniques such as using their heads to clear 

heavy snow cover away to access forage and survive in these challenging conditions (Chapman 

& Feldhamer, 1982). While they are adaptable to many different landscapes, bison were most 

commonly found in grasslands and meadows due to availability of their preferred diet of grasses 

and sedges (Gates et al., 2010; Fahnstock & Knapp, 1993; Van Vuren, 1979; Chapman & 

Feldhamer, 1982). Studies of bison in mountainous environments found that bison selected 

specifically for aspen, grassland/meadows and grass/shrub mix habitat types (Ranglack & Toit, 

2015; Duschesne, Fortin & Courbin, 2010). Bison also interacted with burned areas and the 

combined effects of fire and herbivory led to increased biomass production and plant diversity 

(Fuhlendorf, Engle, Kerby, Hamilton, 2009). In tallgrass prairie systems, bison heavily foraged 

in areas that were recently burned areas and avoided unburned areas (Fuhlendorf et al., 2009). In 

mountainous environments bison also showed seasonal preference for burned areas, although 

another study found that bison avoided burned forest habitat (Keller, 2011). Ultimately, the 

distribution of bison and migratory patterns is strongly influenced by the availability of preferred 

forage and decreasing intake rates or foraging efficiency can induce dispersal movements (Plumb 

et al., 2009). 

Bison are predominately grazers of herbaceous vegetation and minimally browse willows 

and other woody plants (Keller, 2011; Knapp et al. 1999; Shaw & Meagher, 2000; Reynolds, 

Gates, Glaholt 2003). In contrast, other studies show that forb and browse can be a large 

proportion of bison diets and can be selected for even when grass abundance is higher (Leonard, 

Perkins, Lammers & Jenks, 2017; Bergmann, Craine, Robeson & Fierer, 2015; Craine, Towne, 

Miller & Fierer, 2015). On ranges where woody browse is abundant, high consumption of woody 
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vegetation by bison was observed (Miquelle, 1985; Larter, & Gates, 1991), therefore bison 

herbivory can also affect woody plants, potentially leading to changes in the shrub communities.  

Wood bison in Alaska and Northwest Territories were both reported to have high browse content 

in their diets in summer and fall (Waggoner and Hinkes 1986; Larter and Gates 1991). In YNP, 

bison browsing of willow (Salix spp.), aspen (Populus tremuloides), cottonwood (Populus 

balsamifera) and other woody species during the summer removes the current year’s growth 

which results in an overall decrease in shrub cover because the plants have little opportunity to 

recover (Ripple, Painter, Beschta & Gates, 2010). In fact, in YNP, bison may actually be 

suppressing willow growth in some areas, reversing the woody vegetation recovery that is 

attributed to the reintroduction of wolves (Canis lupus) (Ripple et al., 2010).  

Through herbivory and other processes, bison respond to and create ecological 

heterogeneity at the landscape level (Gates et al., 2010; Sanderson et al., 2008). They interact 

with the ecosystem through grazing, physical disturbance from movement, trampling, wallowing, 

rubbing and horning behaviours and deposition of nutrients (Sanderson et al., 2008). Bison graze 

biomass at a higher rate than other ungulates because of their large bite size and rapid bite rates 

(Hudson & Frank, 1987). Bison are bulk-feeders that have the ability to process large amounts of 

low-quality fibrous forage (Hudson and Frank, 1987). In tallgrass prairie ecosystems, bison were 

observed grazing in patterns which produces distinct patches (Knapp et al., 1999). Bison revisit 

these patches to graze and create distinct areas of defoliation. This grazing and physical 

disturbance influences the abundance and distribution of many other species in the ecosystem 

(Knapp et al., 1999).  

Studies have shown that grazing can increase and decrease the spatial heterogeneity of 

vegetation (Adler, Raff & Lauenroth, 2001). Stohlgren et al. (1999), evaluated heterogeneity of 
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vegetation in response to grazing at 1000-m2 scale in Rocky Mountain grasslands and found that 

grazing had little impact on native species richness at the landscape scale. There was also no 

significant difference between grazed and ungrazed plots in diversity or evenness of vegetation 

although forb cover was consistently higher in grazed plots at the 1-m2 scale (Stohlgren et al., 

1999). This is consistent with findings in a study examining bison grazing impacts in tallgrass 

prairie ecosystems (Fahnestock & Knapp, 1993). The high abundance of ungrazed forb species 

in tallgrass prairie was likely due to increase in light availability (Fahnestock & Knapp, 1993). 

Another study in the Rocky Mountains by Ware, Terletzky & Adler (2014), concluded that 

grazing did not result in significant shifts in plant productivity or plant community composition. 

These researchers, however, acknowledged that transformation at the ecosystem level can take a 

long time to unfold and may not have been observable on the time scale of this study. Bison 

grazing impacts are variable and context specific, reinforcing the need for rigorous monitoring 

efforts. 

Bison also affect the overall productivity of ecosystems, like many other ungulates 

(Hobbs, 1996). In YNP, productivity of grazed grassland was on average 45% greater than that 

of ungrazed grasslands (Frank, 1998). Grasses respond to defoliation by increasing resource 

allocation to shoot growth and thereby increasing aboveground production (Day & Detling, 

1990). Another study in YNP found that large herbivores (including bison and elk) also increase 

nutrient cycling in grazed areas (Frank, 1998) by removing plant nitrogen and spatially 

redistributing it within ecosystems (Frank & Evans, 1997, Day & Detling, 1990). Urine 

deposition can positively affect aboveground biomass on some grasses, although this can be 

dependent on the timing of urine deposition and plant phenology (Day & Detling, 1990). Bison 

urine deposition resulted in patches of vegetation that are then preferentially grazed by native 
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herbivores (Day & Detling, 1990).  Bison can also affect vegetation heterogeneity through 

physical impacts. For example, bison wallows are oval depressions in the ground created when 

bison trample the ground and roll in the exposed soil (Knapp et al., 1999). A study conducted by 

Polly & Collins (1984) in Alaska found that wallows contained different vegetation species 

composition than adjacent due to variability in environmental conditions in the wallow. 

Bison Reintroduction in Banff National Park 

Reintroduction initiatives have contributed significantly to the recovery of wild bison in 

North America (Gates & Aune, 2008). The combined efforts of local initiatives and cooperation 

of different agencies and stakeholders are essential for the recovery of a wide-ranging species 

like a bison (Sanderson et al., 2008). In 2005, bison were reintroduced to the American Prairie 

Reserve (APR) in Montana, an area that now comprises 1.5 million acres devoted to wildlife 

conservation in the Great plains.  With 860 individuals currently, the long-term goal for the APR 

is to establish a population of at least 10,000 free-roaming bison (American Prairie Reserve, 

2018). Turner Enterprises owns 14 ranches, which collectively contain the largest number of 

privately-owned bison that are maintained with low management inputs (Gates et al., 2010). The 

Blackfeet Nation in partnership with Glacier and Waterton National Parks in Montana and 

Alberta, embarked upon the Iinnii initiative which envisions free-roaming plains bison in their 

traditional lands (Aune et al., 2017). In 2014, the first cross-border indigenous treaty (the 

“buffalo treaty”) was signed to establish an intertribal alliance to restore bison to 6.3 million 

acres of land between the U. S. and Canada. The bison reintroduction project in BNP is an 

important step in restoring free-roaming plains bison to their historical range and First Nations’ 

traditional lands. Thus, my Masters research will provide valuable ecological insights relevant to 

bison restoration across their range, in addition to Parks Canada. 
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Parks Canada is mandated by federal policy and law to maintain and restore ecological 

integrity which is defined by the Canada National Parks Act as “a condition that is determined to 

be characteristic of its natural region and likely to persist, including abiotic components and the 

composition and abundance of native species and biological communities, rates of change and 

supporting processes” (Canada National Parks Act, (S.C. 2000, c. 32)). Integrity means native 

components of ecosystems are intact including abiotic, biodiversity and ecosystems processes 

(Environment and Climate Change Canada, 2018). Reintroducing an endemic herbivore to BNP 

is an important step to restore the full diversity of species and natural processes in the park’s 

ecosystem and maintain ecosystem integrity (Parks Canada, 2010). Thus, one of the key 

ecological reasons for bison reintroduction in BNP is to restore an important ecological process 

of herbivory in grassland and shrub vegetation communities. My research will provide the 

necessary monitoring and establish baseline data for evaluating ecosystem integrity in BNP with 

respect to the ecological impacts of bison restoration. 

Bison grazing and physical disturbance is predicted to create a patchwork of meadows 

and grasslands that provide habitat for animals and plants (Gates et al., 2010; Knapp et al, 1999, 

Sanderson et al., 2008). Analyses of woody plant encroachment since the 1950s in areas of close 

proximity to BNP showed that grasslands are diminishing while shrub and tree encroachment 

increases, reducing overall forage availability (Glines, 2012, Burkinshaw & Bork, 2009). Betula 

glandulosa (dwarf birch), a dominant shrub in encroached areas (Burkinshaw & Bork, 2009), has 

chemical defences which deter browsing (De Groot, Thomas & Wein, 1997). Although other 

ungulates utilize browse in their diets, at present, grazing pressure does not appear to be high 

enough sufficiently to restore grassland vegetation (Glines, 2012, Burkinshaw & Bork, 2009). 

There is particular interest if bison grazing and physical disturbance will reduce shrub 
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encroachment. Other bison reintroduction projects showed that bison are capable of maintaining 

open grassland vegetation which would typically be succeeded by shrubland or woodland 

(Knapp et al, 1999). As reviewed above, bison impacts on grasslands are well known and 

anticipated. What is less certain are the potential effects of bison on shrub communities. 

Currently, bison forage selection in the Albertan Rocky Mountain ecoregion is not well 

documented or understood. 

Plains bison have been absent from BNP since its establishment (Parks Canada, 2010), 

although archeological evidence found in and around the Park confirm the presence of bison in 

the area (Langemann, 2002; 2004). Historical research indicates that bison were a dominant 

ungulate in the BNP area before they were extirpated (Kay, White, Pengelly & Patton, 1999, Kay 

& White, 2001, Langemann, 2004). Within BNP, bison bones have been found in Front range 

river valleys and also in high elevation areas of Elkhorn and Nigel passes (Langemann, 2002). 

There were also a number of bison bones found along the Red Deer River and northeastern 

boundary of the Park at the Ya Ha Tinda Ranch (Langemann, 2002).  

A successfully reintroduced Banff population has the opportunity to contribute 

significantly to the conservation of the species by expanding its range (Steenweg et al., 2016). To 

test whether BNP might contain suitable habitat for bison, and sufficient to support a viable and 

ecologically meaningful population, Steenweg et al. (2016) conducted a habitat suitability 

analysis for bison in BNP.  The habitat suitability model was based on results of previous studies 

of wild bison in mountainous environments, and predicted seasonal use concentrated in river 

valleys, especially during winter when snow depths limit bison habitat use. The model also 

indicated that BNP has sufficient winter habitat to support 600 – 1,000 plains bison which is also 

sufficient to maintain genetic variation and have potentially relevant ecological impacts 
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(Steenweg et al., 2016). The model identified the Panther river valley region as holding some of 

the highest quality bison habitat in BNP. 

Soft-releases are well known to increase success in reintroductions of large mammals by 

allowing animals to acclimatize to their new environment in an enclosed area (Fritts et al., 2001; 

Jachowski, Millspaugh, Angermeier & Slotow, 2016). Adopting this method, Parks Canada 

reintroduced a small herd of 16 plains bison from Elk Island National Park to an 18-hectare soft-

release pasture system located in the Panther River Valley in February 2017 (Figure 1). Holding 

the bison in the pasture system during 18 months was hypothesized to increase site fidelity to the 

Panther river valley and improve survival during the free-roaming stage (Fritts et al, 2001; 

Jachowski et al., 2016). During the winter months (fall-spring), bison were supplementally fed 

with hay (Parks Canada, 2016). On July 12, 2017 the bison were moved to the summer pasture 

where they naturally foraged (Parks Canada, 2016). All year round, the bison were fed alfalfa 

cubes for daily conditioning exercises. The purpose of the daily condition exercises was to have 

bison associate a whistle-blow with feeding of alfalfa, which could then be used by Parks Canada 

to facilitate bison movement.  The bison were released to freely-roam a reintroduction zone of 

approximately 1200 km2 on July 29, 2018. Movements outside of this zone are discouraged with 

drift fences and active hazing by Parks personnel (Figure 1).  

In the long-term, Parks Canada predicts that plant productivity and diversity could 

increase in response to bison grazing, similar to findings in other studies (Bakker et al. 2003, 

Frank, 1998, Knapp et al., 1999). Other studies also show that bison have the ability to reduce 

shrub and tree cover which could open up more optimal grazing habitat for other ungulates 

(Ripple et al., 2010). While the time frame for my study is too short to detect changes in plant 

productivity, the findings from this research will provide insights into what immediate impacts 
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bison may on vegetation when recovered to ecologically effective densities (Soulé, Estes, Berger 

& Martinez del Rio, 1993).  
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Figure 1: Map of plains bison reintroduction area in Banff National Park showing core 

reintroduction zone, hazing zone and possible expansion areas in the Upper Red Deer.  

Map provided by Parks Canada. 
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Research Questions and Hypotheses 

With this background, the purpose of my Master’s thesis was to assess what impact 

reintroduced plains bison had on the composition and structure of vegetation in the soft release 

pasture system. I also examined bison diet and landcover selection to help interpret vegetation 

impacts. My research will guide Parks Canada and other bison conservation managers across 

North America in developing monitoring programs and anticipating bison grazing impacts. 

Specifically, I addressed the following research questions. 

1. Did bison differentially use landcover types in their summer pasture? This helped me 

interpret differential impacts of herbivory on plants in different landcover types. I predicted that 

bison will spend the majority of their time grazing in landcover types where biomass is most 

abundant.  Because there was no variation in landcover types in the winter pasture (see below), 

for this question, I focused solely on the data collected when the bison were contained in the 

summer pasture. Therefore, my hypotheses (H) for this question were: 

H-null1: In the summer pasture, bison will not preferentially select for specific landcover 

types and will graze equally in all landcover types. 

H-alt1: In the summer pasture, bison will preferentially select landcover types where 

biomass is abundant. 

2. Was bison diet dominated by herbaceous vegetation during the summer when bison 

were naturally foraging? An important component of understanding bison impacts on vegetation 

was understanding their actual diet. I predicted, like other studies, that bison diet was dominated 

by > 90% by herbaceous vegetation and woody plants represented a minor component during the 

summer. Therefore, my hypotheses for this question were: 

H-null2: Bison diets are driven by the availability of plant forage classes to bison.  
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H-alt2: Bison diets are dominated by herbaceous vegetation in the summer.  

3. What were the impacts of herbivory (grazing, browsing) and physical disturbance 

(trampling, wallowing) on vegetation? I predicted that bison grazing would have a strong 

measurable negative impact on herbaceous vegetation in the summer pasture. Bison browsing 

would also have the biggest impact on woody vegetation during the winter when herbaceous 

biomass was less available. Bison physical impacts would result in an increase of dead woody 

vegetation, bare ground and wallows. Therefore, my hypotheses for this question were: 

H-null3: Bison grazing will not have a strong measurable impact on the % cover and 

species composition of herbaceous vegetation in the winter and summer pastures. 

H-alt3: Bison grazing will have a strong measurable impact on the % cover and species 

composition of herbaceous vegetation in the winter and summer pastures. 

And secondary hypotheses (4, 5) were:  

H-null4: Bison presence in the winter pasture will not result in a difference in the % cover, 

height browse and mortality of shrubs. 

H-alt4: While the bison are present in the winter pasture, they will have a strong, 

measurable impact on the % cover, height browse and mortality of shrubs. 

H-null5: The physical impacts of bison will not result in changes to litter, bare ground and 

woody debris cover. 

H-alt5: The physical impacts of bison will result in measurable changes to litter, bare 

ground and woody debris cover. 

4. Did bison select for different types of vegetation when they graze? An important 

objective for this research was to examine bison forage selection patterns in the summer pasture 

where they naturally graze, by comparing changes in vegetation species composition to bison 
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diet data. Because bison are known to primarily graze herbaceous biomass, I predicted that bison 

diet will not be consistent with forage availability. Therefore, my hypotheses for this question 

were: 

H-null6: Bison diets are consistent with forage availability 

H-alt6: Bison diets are not consistent with forage availability 
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Research Methodology 

My Masters research was conducted over two years, before and after the bison were 

introduced in the soft release pasture system. To assess effects of bison herbivory on vegetation, 

a before-after control impact (BACI) experimental design (Underwood, 1997) was used.  During 

the first year (pre-bison 2016), vegetation surveys were conducted to assess the vegetation 

composition and structure in and adjacent to the soft-release study area prior to the effects of 

bison herbivory. During the second year (post-bison 2017), bison diet and bison Global 

Positioning System (GPS) data were collected and vegetation surveys were repeated to assess the 

change in vegetation composition and structure. To control for interannual variation of 

environmental conditions, I conducted vegetation surveys in control plots, immediately adjacent 

to the soft-release pastures in both 2016 and 2017 (Underwood, 1997).  

Study Area   

The soft-release pasture system is located in the front ranges of BNP (N51.53862° 

W115.72994°) in the subalpine ecoregion at approximately 1800m elevation (Fig. 1). Prescribed 

burns were conducted in this area 2006 through 2008.  The winter pasture was 5.8 hectares in 

area and consists primarily of shrubs, predominantly Salix spp., Potentilla fruticosa and Betula 

glandulosa. The summer pasture was 11.9 hectares and contained more natural forage and 

variable vegetation communities which were also present in the core reintroduction zone. I 

developed a vegetation type model to classify the pasture system into 6 different landcover types. 

Landcover types were classified using 2014 air photos from Banff National Park (30 cm 

resolution) based on dominant vegetation species present. Table 1 contains a list of the 6 

different landcover types, a description of the dominant plant species in each and the areas of 

each landcover type. Figure 2 shows the layout of the 18-hectare soft release pasture system. 
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Control plots of each landcover type were located on the outside of the pasture fencing in close 

vicinity to the soft-release pasture system. 

Table 1. List of different landcover types, area of each landcover type and the dominant plant 

species in each landcover type in 2016 & 2017. All landcover types are contained in the 

summer pasture inside the bison soft-release pasture system in BNP.  

Landcover Type Code Area 

(hectares) 

Dominant Plant Species 

Vegetated Riparian VR 4.6 Salix spp., Sherperdia canadensis, Leymus 

innovatus 

Gravel Riparian GR 1.6 Salix spp., Leymus innovatus, Bromus inermis 

pumpellianus 

Grassland G 0.8 Festuca campestris, Festuca saximontana, 

Leymus innovatus 

Shrubland S 0.6 Salix spp., Leymus innovatus, Betula 

glandulosa, Chamerion angustifolium 

Burned Forest BF 4.0 Pinus contorta, Picea engelmannii, Festuca 

campestris, Leymus innovatus 

Aspen A 0.07 Populus tremuloides, Festuca campestris, 

Leymus innovatus 

 

Other ungulates known to be present in this area include bighorn sheep (Ovis 

canadensis), elk (Cervus canadensis), white-tailed deer (Odocoileus virginianus) and mule deer 

(Odocoileus hemionus). Densities of elk (Hebblewhite et al., 2006; Hebblewhite, Eacker, 

Eggeman, Bohn & Merrill, 2018, Parks Canada, 2018) and moose (Hurd, 1999) are known to be 

low and mountain caribou (Rangifer tarandus caribou) are extinct (Hebblewhite, White, 

Musiani, 2010). It is highly unlikely the bison interacted with any other ungulates while in the 

soft release pasture system because they were enclosed by an 8 ft page-wire fence. 
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Figure 2. Map of soft-release pasture system in the Panther River Valley in BNP where bison 

were contained. Layout of vegetation transects contained inside and outside the pasture are 

indicated by red lines. Map provided by Parks Canada. 

Data Collection 

Habitat selection 

To answer research question 1, I examined how bison used the summer pasture and 

selected for different landcover types. I used data from Global Positioning System (GPS) 

Vectronics telemetry collars (Vertex Plus model) which were deployed on 2 adult female bison. 

Data was collected between July 12, 2017 - Sept 6, 2017 which corresponded to the time period 

when bison naturally foraged in the summer pasture and the eastern portion of the winter pasture. 
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Location data was collected every 2 hours while the bison were in the summer pasture which 

resulted in a total of 1,316 GPS locations (Figure 3). The bison location data was classified by 

the landcover type in which it was located. Approximately 9% of the bison GPS locations were 

located just outside of the pasture system. These GPS locations were shifted inside the pasture 

into the closest adjacent landcover type. To determine relative availability of landcover types an 

equal number of random GPS locations (1,317) were randomly placed throughout in the soft-

release pasture. The proportion of locations used in each landcover type was compared to the 

relative availability of the respective landcover type in the pasture system (Table 2) (Manly et al. 

2002). This, along with forage selection data, provided insight into potential bison selection and 

use of landcover types (Manly et al. 2002).  

Table 2. Number of bison GPS locations (used locations) and randomly GPS 

locations (available locations) in each landcover type. All landcover types 

are contained in the summer pasture inside the bison soft-release pasture 

system in BNP. 

Landcover Type 
Number of used 

locations 

Number of 

available locations 

Aspen 6 5 

Burned Forest 596 283 

Grassland 88 55 

Gravel Riparian 52 124 

River 3 28 

Shrub 17 48 

Slope 26 49 

Vegetated Riparian 236 292 

Winter Pasture 292 433 
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Figure 3. Map of soft-release pasture system in the Panther River Valley in BNP which contains 

bison GPS locations of 2 radio collared bison collected from July 12, 2017 - Sept 6, 2017. Map 

provided by Parks Canada. 

Bison diet 

For research questions 2 and 4, I analyzed bison diet and tested if bison showed a preference 

for specific vegetation types or species (Manly et al. 2002).  Composite bison fecal samples were 

collected weekly by combining samples from 20 different fresh bison fecal piles. The botanical 

composition for each composite sample was analyzed by the wildlife habitat and nutrition lab at 

Washington State University (WSU). WSU determined botanical composition using 

microhistological plant fragment analysis by modifying the existing frequency - density 
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conversion sampling procedures of Sparks and Malechek (1968); Flinders and Hansen (1972), 

Holechek and Vavra (1981) and Holechek and Gross (1982). Relative cover (Korfhage 1974, 

Davitt 1979) of plant cuticle and epidermal fragments were quantified for a total of 50 

microscopic views. Measurements of area covered were recorded for plant species, genus, and 

forage classes that were greater than 5%.   

Vegetation  

For research question 3 and 4, I collected data on the vegetation species composition and 

structure in the soft-release pasture system in each landcover type using a BACI study design 

(Underwood, 1997). All vegetation data was collected during the growing season (June – 

September) over two time periods: pre-bison 2016 (before) and post-bison 2017 (after). I also 

collected vegetation data in the same landcover types outside of the soft-release pasture system, 

which served as controls for the study. The following sections describe the specific data 

collection techniques that were used for different types of vegetation. 

Shrub Sampling Methodology 

I sampled shrubs to estimate the species composition, canopy cover, height, mortality and 

browse levels for all major species present in the study area.  I randomly laid out six 30 meter 

(m) transects in all representative landcover types. I attempted to rotate through each landcover 

type before so that each landcover types was sampled evenly throughout the sampling period.  It 

was not necessary for transects to be along the same bearing, but they could not intersect. I took 

a photo from both ends of the transect which provided a visual record of vegetation change (See 

Figure 4). The following characteristics of each transect were recorded: GPS location of each 

end of transect, transect ID, length, transect bearing, observers, slope and aspect. 
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Figure 4. Photo of shrub transect used to keep a visual record of transect in soft release pasture 

system in Banff National Park. 

Along each transect, the line-intercept method provided an estimation of percent cover of 

all shrub species (Canfield, 1941). I classified all shrubs to the species level except for willows 

(Salix spp.) which was classified to the genus level. For this study, to be consistent with previous 

studies on ungulate forage in BNP (Sachro et al., 2005, Hebblewhite et al. 2006), I defined a 

shrub as a woody plant less than 2 meters tall which was determined to be accessible to bison as 

forage. Consequently, all shrubs over 2 meters were excluded. The length that a specific shrub 

species intersects with the transect was measured in centimeters (cm) and recorded (see Table 3) 

(Canfield, 1941). A new measurement was recorded when a gap between shrubs along the 

intercept is greater than 10 cm. Percent cover was calculated for each species by summing all 

measurements and expressing as a percentage of the total length of the transect.  

Table 3. Example data sheet used to record line-intercept measurements for shrub sampling in 

the soft-release pasture system in BNP in 2016 & 2017. 

Species Start (cm) End (cm) Difference (cm) 

Betula glandulosa 3109 3690 581 

Potentilla fruticosa - - 11 
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I also recorded height, percent dead and percent browsed of shrubs every 10 m along the 

transect.  I recorded measurements of each shrub species nearest to the 10 m point on the 

transect. Measurements for an individual shrub was not recorded twice. Any fresh (within the 

last year) ungulate pellets present 1 m on either side of the entire transect were classified by 

species and recorded in order to know with better certainty, that the impacts detected in the soft-

release pasture system, were in fact due to bison. There was some physical damage to shrubs in 

the pasture due to operation of mechanical equipment and physical clearing of shrubs. Physical 

damage was classified as bison related or mechanical and was recorded separately.   

Herbaceous Sampling Methodology 

I conducted herbaceous vegetation sampling to estimate species composition and cover. I 

laid out six 30 meter (m) transects in all representative landcover types. I attempted to evenly 

rotate through time during the sampling period in each landcover type. It was unnecessary for 

transects to be along the same bearing, but they could not intersect. I took a photo from both ends 

of the transect which provided a visual record of vegetation change (See Figure 4). I recorded the 

following characteristics for each transect: GPS location of each end of transect, transect ID, 

length, transect bearing, observers, slope and aspect. Five 1-m2 plots were spaced evenly along 

the transect and I collected the % cover measurements on the following: shrubs, forbs, 

graminoids, standing dead grass, bare ground, woody debris and wallow (indicated by a bare 

ground depression). I identified forb and graminoid species present in 3 out of the 5 plots and 

recorded % cover measurements for each species. If any of the vegetation could not be identified 

to species level, then they were identified to the genus level (Stohlgren et al., 1999). 

In addition to species composition, I also measured the amount of herbaceous biomass 

which was available for bison to forage. Three 0.5 m2 plots were spaced evenly along the 
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transect, from which all herbaceous vegetation was clipped. Clip plots did not overlap with 

locations used for herbaceous plots. I also recorded % cover of forbs, shrubs, grass and standing 

dead grass for each clip plot. Clipped biomass was classified as grass/standing dead grass or forb 

and separated accordingly in brown paper bags and weighed. Percent cover of standing dead 

grass was used to determine the weight of standing dead grass within the clipped grasses and was 

subtracted from the total weight. Samples were dried in the field for a minimum of 2 days and 

then oven dried for 12 hours at 50 degrees C°. Weights were also collected after drying in the 

field and oven. I used the final oven dry weights to determine the amount of biomass available to 

bison. Wet weights and field dry weights were measured so that a linear model could be 

developed to extrapolate a field dry weight in the event that a biomass sample was lost or 

spoiled. The details of these linear models and the equations used to predict grass and forb field 

and oven dry weights are available in Appendix A. 

I also used a non-destructive method to measure biomass in 2017 to reduce the time 

required for sampling and to avoid destructive sampling of vegetation. A poster-board – 0.25m2 

disc was dropped from a height of 1.0m and the height of the disc was recorded in mm (Vartha 

and Matches 1977, Dorgeloh 2002). A separate predictive model was built for forbs and grasses 

which related disc height to herbaceous biomass using previous data which was collected from 

pots where herbaceous biomass was clipped, dried and weighed (n = 86). The data did not follow 

a normal distribution, so the biomass data was transformed by applying the natural logarithm to 

all biomass values. The data also contained a number of 0 values therefore 0.1 was added to all 

biomass values so that a natural logarithm value could be computed. To improve prediction of 

biomass, the % cover of forb, shrub and grass vegetation communities were included as 

continuous variables in the model. Similar to the methods used by Hebblewhite (2006), I used 
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backwards-stepwise model selection to select the best disc-height – biomass regression which 

included vegetation community % cover covariates. The overall fit of the model was assessed 

using normal probability and residual plots to assess violation of linear regression assumptions.  

The final forb model explained 58% of the variation in dry weight and the overall fit was 

significant [(F2, 84) = 60, p < 2.2x10-16, R2=0.58]. The details of this linear model are included in 

Appendix A. The final model predicting dry weight was: 

Forb weight (grams) = exp[-0.994 + 0.055(disc height) + 0.058(forb cover)] – 0.01 

Equation 1.  

The final grass model explained 48% of the variation in dry weight and the overall fit was 

significant [(F2, 84) = 41, p < 3.872x1013, R2=0.58]. The details of this linear model are included 

in Appendix A. The final model predicting dry weight was: 

Grass weight (grams) = exp[0.034 + 0.068(disc height) + 0.028(grass cover)] – 0.1  

Equation 2. 

Forage selection 

To answer research question 4, I examined bison forage selection patterns in the summer 

pasture where they naturally graze, by comparing relative availability of major forage classes 

(grass, forb and shrubs) with bison summer diet data. The proportion vegetation forage classes 

present in the bison diet was compared to the relative availability of each forage class in the 

pasture system (Manly et al. 2002) and is shown in Table 4. 

Table 4. Percent composition in diet, percent cover and percent of total biomass measurements 

for major forage classes contained in the bison soft-release pasture in BNP.  

Vegetation Type % composition in summer diet % cover % of total biomass 

Grass/Sedge 92.0% 36.9% 63.8% 

Forb 0.4% 14.0% 36.2% 

Shrub 7.2% 26.6% Not measured 
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Data Analysis 

Habitat selection 

A resource selection function (RSF) was developed which used the proportion of 

locations used by bison in each landcover type compared with an equal number of GPS locations 

which were randomly located throughout the pasture system (Manly et al., 2002). Resource 

selection ratio’s (wi) for each landcover type (i) were calculated by taking the proportion of used 

locations (ui) and dividing by the proportion of available locations (ai).  A ratio value above 1 

indicated that bison selected for a landcover type and a value below 1 indicated that bison 

avoided a landcover type. Manly’s selection ratio for design I was used to test for significance of 

habitat selection using a log-likelihood Chi-square test following Manly et al. (2002) in the R 

package adehabitatHS (Calenge, 2010). The null hypothesis I tested was that bison will not 

preferentially select for specific landcover types and will graze equally in all landcover types.  

Bison Diet 

The bison diet data was divided into two categories: summer and winter. Summer diet 

data refers to samples that were collected between July 12, 2017 until Sept 6, 2017 and 

corresponds to the time when bison were naturally foraging. Winter diet data refers to samples 

that were collected from February 20, 2017 until July 5, 2017 and corresponds to the time when 

bison were supplementally fed with hay. Because winter diets were largely determined by 

feeding, in my Master’s thesis, I focus on the summer diet. I analyzed diet data by estimating the 

proportion of species or genus in the diet of bison in each time period. The diet composition data 

received from the WSU wildlife nutrition lab included data that was classified both to the species 

and genus level. This was due to the level of analysis that was completed. There were a number 
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of samples which contained unknown species <5% composition. These data were removed, and 

proportions of each species or genus were recalculated to total 100% for each sample. 

Impacts on vegetation and non-vegetation attributes 

Vegetation data that was collected in plots was averaged to obtain a single value for each 

transect to avoid pseudo replication. The following dependent variables were evaluated: % cover 

of vegetation communities, % cover of non-vegetation attributes (i.e. bare ground) % cover of 

vegetation species, % cover, height, browse and mortality of shrub species and biomass of 

grasses and forbs. When examining impact at the species level, I decided to focus my analysis 9 

different herbaceous plants genera and species. I did not proceed with detailed analysis on any 

genera or species which amounted to less than 2% in cover or if they were not present in the 

control plots. Some grass and forb species data were combined and analyzed at the genus level. 

This was done to account for possible error in field identification of species within the same 

genus. The 9 herbaceous species and genus that were selected for analysis were: Festuca spp., 

Bromus spp., Leymus innovatus, Koeleria macrantha, Chamerion angustifolium, Chamerion 

latifolium, Hedysarum spp., Achillea millefolium, and Fragaria virginiana glauca 

Vegetation impacts were analyzed using a BACI design used to estimate the differential 

change in means between the two sites: inside the pasture (bison) and outside the pasture 

(control) (Underwood 1997), before and after the bison were reintroduced. I conducted factorial 

multivariate analysis of variance (MANOVA) of vegetation communities (grass/sedge, forb and 

shrub) and the top 9 herbaceous species. I also conducted analysis of variance (ANOVA) tests on 

all vegetation and non-vegetation attributes to estimate the differential change in mean between 

the two sites: inside the pasture (bison) and outside the pasture (control). Conducting the 

MANOVA accounted for the fact that changes in a species or vegetation class may lead to non-
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independent changes in other species or vegetation classes which would be overlooked in a series 

of independent ANOVA. MANOVA also reduces the experiment-wise probability of making a 

Type I error which inflates when conducting independent ANOVAs on the dependent variables. 

Because post-hoc analyses for MANOVA are difficult to complete and interpret, I relied on the 

results from the three-way ANOVA and associated Tukey’s Honestly Significant Difference 

(HSD) tests to determine where differences existed. The three-way interactive MANOVA and 

ANOVA included the following factors; 1) bison versus the control treatments, 2) time before 

and after, and 3) the landcover types. The key interaction which corresponds to the BACI design 

and tests my main hypothesis that the addition of bison in time affected plant cover is the 

time*treatment interaction (Underwood 1997). I included all two-way interactions and the three-

way interaction between landcover, time and treatment to test whether there were significant 

differences within landcover types due to other factors (landcover, annual differences, etc). I also 

explored whether there were specific differences within landcover types in the after period 

between bison and the control using post-hoc Tukey’s HSD tests (Underwood 1997).  

Forage selection 

Similar to the methods used to determine habitat selection, I calculated Manly’s selection 

ratio to understand how bison diet related to forage availability. I added the species and genera 

from the summer diet data for grasses/sedge, forb and shrub and expressed this as a % of the 

total diet composition. To calculate forage availability, I used both % cover and biomass data. 

This allowed me to differentiate selection according to % cover and biomass (grams). This 

analysis was not completed at the species or genera level because the resolution of the diet 

analysis did not match with how the species composition data was collected and biomass data 
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was only collected at the forage class level. The null hypothesis tested was that bison diets are 

not consistent with forage availability. 

  



EVALUATING IMPACT OF REINTRODUCED BISON IN BNP 51

Results 

Before presenting the results from bison habitat selection, diet, and vegetation impacts, I 

present information on the vegetation community and forage availability in the winter and 

summer soft-release pastures to help interpret subsequent results.  

Vegetation community in soft-release pasture 

Figure 5 shows the relative abundance, measured by % cover, of grasses/sedges, forbs 

and shrubs within the soft-release pasture in 2016 prior to bison reintroduction. The pasture 

system was dominated by grasses/sedges and shrubs, with forbs representing the least abundant 

vegetation type. Aspen, grassland and burned forest contained the highest cover of 

grasses/sedges and shrubland, winter pasture, vegetated riparian contained the highest cover of 

shrubs. Shrub cover was high in grassland, however this was because Arctostaphylos uva-ursi 

(kinnikinnick) was abundant in this landcover type and was included in shrub cover estimates. 

Grass/sedge, forb and shrub cover was lowest in gravel riparian. 
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Figure 5. Relative abundance (% cover) of vegetation communities (grass/sedge, forb and shrub) 

in 2016 in each landcover type inside the soft-release pasture where the bison (Bison bison) were 

contained in Banff National Park from February 2017 – August 2018. 

Figure 6 shows the amount of herbaceous biomass (grasses/sedges and forbs) that was 

available as forage inside the soft-release pasture in 2016 (pre-bison). Burned forest and aspen 

had the highest amount of forage available to bison. Grass and forb cover in burned forest was 

less than aspen and grassland, however the actual amount of biomass for both was high. Table 5 

contains a list of the most abundant grass, forb and shrub species contained in each landcover 

type. I often observed Chamerion angustifolium plants that were between 20-60 cm in height 

throughout the pasture system. This was the dominant forb in both the burned forest, aspen and 

the winter pasture and likely contributed to the higher amount of biomass found in these 

landcover types. 
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Figure 6. Average grass/sedge and forb biomass available for forage in 2016 in each landcover 

type inside the soft-release pasture where the bison were contained in Banff National Park, from 

February 2017 – August 2018. 

Figure 7 shows relative abundance, measured by % cover, of the dominant shrub species 

inside the soft-release pasture in 2016 prior to bison reintroduction. The pasture was dominated 

by Salix spp. and Betula glandulosa. The shrubland and winter pasture contained the highest 

cover of shrubs overall and the grassland landcover type contained the least amount of shrub 

cover. 
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Figure 7. Relative abundance (% cover) of shrub species in 2016 in each landcover type inside 

the soft-release pasture where the bison (Bison bison) were contained in Banff National Park 

from February 2017 – August 2018. 
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Table 5. Percent (%) cover measurements of the most abundant species of grasses, forbs and shrubs in each landcover type 

contained within the soft-release pasture system where Bison bison were contained in BNP from February 2017 – August 2018. 

Vegetation 

Type 
Species Aspen 

Burned 

Forest 
Grassland 

Gravel 

Riparian 
Shrubland 

Vegetated 

Riparian 

Winter 

Pasture 

Grass Festuca spp. 27.6 13.1 32.2 0.3 0.4 6.1 12.7 

Grass Bromus spp. 0 1.6 0 3.1 1.7 1.3 0.4 

Grass Leymus innovatus 22.3 11.8 11.9 2.7 15.3 12.6 14.9 

Grass Koeleria macrantha 0.2 0 0.08 0 0 0 0.1 

Forb 
Chamerion 

angustifolium 
1.4 11.1 0.5 0.3 10.8 3.9 24.1 

Forb Chamerion latifolium 0 0 0 0.25 0 0 0 

Forb Hedysarum spp. 3.5 1.3 2.9 0.3 0 2.9 0.7 

Forb Achillea millefolium 1.0 0.8 0.8 1.1 0.3 0.8 0.7 

Forb 
Fragaria virginiana 

glauca 
1.3 0.6 1.4 0.7 3.3 4.2 6.8 

Forb Danthonia intermedia 0 0 0.4 0 5.2 0.3 0 

Shrub Salix spp. 3.8 1.9 0.5 23.4 84.0 19.4 42.0 

Shrub Betula glandulosa 0.4 5.4 0 0 21.2 1.4 16.2 

Shrub Sherperdia canadensis 0.3 5.7 0 3.0 0.00 12.4 0.1 

Shrub Populus tremuloides 24.5 0.3 0.05 0 0 0 0 
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Next, I report on potential confounding variables that differed between years or could 

affect results. There was substantial interannual variation in the plant communities due to the 

difference in rainfall between 2016 and 2017. Analysis of the weather station data located inside 

the bison pasture revealed that precipitation in 2016 was significantly higher than in 2017. In 

2016 there was 426 mm whereas 2017 only received 346 mm of precipitation. Previous studies 

in the region demonstrated a strong correlation between spring/summer precipitation and forage 

biomass with biomass increasing by 0.24 grams for ever millimetre of rain (Spaedtke, 2009). 

Herbivory by other ungulates was minimal, however, allowing me to attribute grazing effects to 

bison. Surveys of pellets of other ungulate species throughout the pasture system revealed 

historical use by horses, but zero pellets of any other ungulate species. This allowed me to 

conclude with better certainty, that the impacts detected in the soft-release pasture system were 

due to bison. 

Habitat selection 

Bison showed preferential selection for specific landcover types during summer, which 

led me to reject my null hypothesis 1 that bison equally grazed in all landcover types (Figure 8). 

My analysis showed bison select burned forest (Manly’s selection ratio, β = 2.1, 95% 

Confidence Interval (CI) = 1.9-2.4) and grassland (β = 1.6, CI = 1.08-2.1) landcover types. It is 

possible that bison also selected aspen (β = 1.2, CI = -0.2-2.6), however this represented a small 

portion of the total study area, therefore the confidence intervals were very large and overlapped.  

Bison strongly avoided the Panther river (β = 0.1, CI = -0.02-0.2), shrubland (β = 0.4, CI = 0.2-

0.6) and gravel riparian (β = 0.4, CI = 0.3-0.6) landcover types. The winter pasture (β = 0.7, CI 

=0.6-0.8) and vegetated riparian (β = 0.8, CI = 0.7-0.9) areas were also avoided, however not as 

strongly as the other landcover types. 
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Figure 8. Selection ratio indices for different landcover types which indicate areas that bison 

select for. Error bars represent a 95% confidence interval. Values above 1 indicate bison 

selection and values below 1 indicate bison avoidance for the landcover type. 

Bison diet 

Bison diet was dominated by herbaceous vegetation (Figure 9) during the summer when 

bison naturally foraged which led me to reject null hypothesis 2 which predicted that bison diet 

was driven by the availability of plant forage classes. Grass/sedge comprised 92% (CI = 86.3% - 

97.7%) of bison diet while forbs made up less than 1% (CI = 0% - 1.5%) of bison diet in the 

summer. Shrubs were present in the bison summer and winter with shrubs comprising 7% (CI = 

2.3% - 12.2%) and 12% (CI = 6.6% - 18.0%) of bison diet respectively. When the bison naturally 

foraged in the summer, Festuca spp. dominated bison diet (46.6%, (CI = 32.9% - 60.3%), Table 

6). Poa spp. also comprised a significant component of their diet at 25.7% (CI = 17.6% - 33.8%, 
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Table 6) in the summer. Bison browsing on shrubs was dominated by Salix spp., with little 

browsing observed on Potentilla fruticosa or Betula glandulosa. Some browsing (<1%) was 

detected on Populus tremuloides. 

 

 

Figure 9. Percent composition of different vegetation types in bison diet in 2017 in the winter 

and summer. During the summer, the bison naturally foraged, and in the winter, they were 

supplementally fed with hay.  

  



EVALUATING IMPACT OF REINTRODUCED BISON IN BNP 59

 

Table 6. Percent composition of species present in bison diet in 2017 in the winter and 

summer when contained in the soft-release pasture in BNP. During the summer, Bison 

bison naturally foraged, and, in the winter, they were supplementally fed with hay.  

Vegetation 

Type 
Species/Genus 

Diet composition 

in summer (%) 

Diet composition 

in winter (%) 

Grass Festuca spp. 46.6 26.4 

Grass Poa spp. 25.7 16.5 

Grass Leymus innovatus 11.3 19.9 

Grass Koeleria macrantha 0.0 1.1 

Sedge Carex spp. 5.4 4.8 

Grass Bromus spp. 3.0 13.7 

Forb Medicago/Melilotus 0.4 2.7 

Forb Fragaria virginiana 0.1 0.0 

Forb Achillea millefolium 0.0 0.2 

Forb Chamerion spp. 0.0 0.3 

Forb Hedysarum spp. 0.0 1.1 

Shrub Populus tremuloides 1.6 2.9 

Shrub Betula glandulosa 0.0 0.4 

Shrub Potentilla fruticosa 0.3 1.4 

Shrub Salix spp. 5.4 7.6 

Moss Mosses  0.3 1.0 

 

Impacts on vegetation and non-vegetation attributes 

The following sections contains a summary of the key results which tests three 

hypotheses related to bison herbivory and physical impacts on vegetation communities, species 

and non-vegetation attributes. Bison grazing had a strong, measurable impact on the % cover, 

species composition and biomass of herbaceous vegetation which led me to reject null 

hypothesis 3, that bison grazing had no effect on herbaceous vegetation. Bison grazing impacted 

mortality of Salix spp., but no other species of shrub was impacted. This led me to reject null 

hypothesis 4, which predicted that bison presence in the winter pasture will not impact shrubs. 

And finally, bison had an impact on some non-vegetation attributes but not others, which led me 

to reject null hypothesis 5 which predicted that the physical impacts of bison will not result in 

changes to litter, bare ground and woody debris cover. In the following sections I examine each 
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of these hypotheses in more detail, starting first with multivariate MANOVA for each question, 

and then exploring where significant differences occur within each MANOVA using ANOVA. 

The mean differences reported in the post-hoc Tukey’s HSD tests reflect the combined effect of 

bison and environmental variables. Partitioning out the vegetation impacts from bison alone was 

outside the scope of this research.  A detailed analysis of all vegetation data collected is available 

in Appendix C.  

MANOVA analysis on vegetation communities and non-vegetation attributes 

The MANOVA analysis on effects of bison grazing on forage classes, revealed that there 

were significant interactions between forb, grass/sedge and shrub communities in response to 

time and treatment using Pillai’s trace (time:treatment F 1, 54 = 0.1, p=0.04). These results led me 

to reject my null hypothesis, that bison did not have an impact on grass/sedge, forb and shrub 

communities. These vegetation communities were most strongly affected by time (time F 1, 54 = 

42.1, p=6.1x10-14, Table 7) and landcover type (landcover F 6, 54 = 19.6, p=<2.2x10-16). The 

subsequent sections contain the results from the three-way ANOVAs which allowed me to 

understand which vegetation communities were impacted. 
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Table 7: Three-way MANOVA results for analysis of interactions between grass/sedge, forb 

and shrub cover (%) in the soft-release pasture system in BNP in 2017. MANOVA tested for 

interaction of three factors: 1) Bison bison versus the control treatments, 2) time before and 

after, and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Df Pillai’s trace  F Ratio Df1 Df2     P value 

intercept 1 1.0    456.1 3 52 <2.2x10-16 

time 1 0.7 42.1 3 52 6.1x10-14 

treatment 1 0.3 7.7 3 52 0.0002 

landcover 6 2.1 19.6 18 162 <2.2x10-16 

time:treatment              1 0.1 2.9 3      52 0.04 

time:landcover              6 0.8 3.4 18 162 1.9x10-5 

treatment:landcover         6 0.7 2.9 18 162 0.0002 

time:treatment:landcover   6 0.4 1.4 18 162 0.1 

residuals 54                                
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ANOVA analysis on vegetation communities and non-vegetation attributes 

Forbs 

The three-way ANOVA analysis provided support that post-bison treatment reduced forb 

cover across all landcover types (time:treatment F 1, 54 = 6.8, p=0.01), consistent with my main 

hypothesis that bison grazing was a significant driver of forb cover. On average, forb cover 

declined by 10% in the presence of bison across all landcover types (Tukey post-hoc test 

comparing bison before and after difference = -10.4, p = <5.0x10-7, Figure. 9, Table 9). Forb 

cover was generally lower in 2017 (time F 1, 54 =57.7, p=4.4x10-10), however the effects of bison 

and time did not differ significantly across landcover types (time:treatment:landcover, F 6, 54 

=0.9, p=0.5). The three-way ANOVA explained 72% of the variation in forb cover (adjusted R-

squared, Table 8). Tukey post hoc multiple comparisons revealed that the differences are driven 

by larger declines in burned forest (Tukey post-hoc test comparing bison before and after 

difference in burned forest = -14, p = 0.02, Figure 10 burned forest, Table 9) and in the winter 

pasture landcover types (Tukey post-hoc test comparing bison before and after difference in 

winter pasture = -1.8, p =8.8x10-4, Figure 10 winter pasture). Bison grazing also reduced forb 

cover in aspen, vegetated riparian, and shrubland, however these were not significant in post-hoc 

Tukey comparisons (Figure 10, Table 9).  
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Figure 10. Change in percent cover of forb species in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where bison were contained.  

Grass 

The three-way ANOVA analysis provided support that post-bison treatment reduced 

grass cover across all landcover types (F1, 54 = 3.1, p = 0.08). Grass cover was lower in 2017 

(time F 1, 54 = 111.5, p=3.1x10-15), and the effects of bison and time differed across landcover 

types (time:treatment:landcover, F 6, 54 =2.3, p=0.04). On average, grass cover decreased by 

17.6% after bison across all landcover types (Tukey post-hoc test comparing bison before and 

after difference = -17.6, p<5.0x10-7, Figure 11 Table 9). The three-way ANOVA explained 83% 

of the variation in grass cover (adjusted R-squared, Table 8). Tukey post hoc multiple 
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comparisons revealed that the differences were driven by larger declines in aspen (Tukey post-

hoc test comparing bison before and after difference in aspen -43.6, p<5.0x10-7, Figure 11 aspen, 

Table 9) and grassland (Tukey post-hoc test comparing bison before and after difference in 

grassland -28.5, p = 3.7x10-05, Figure 11 grassland, Table 9) landcover types. Grass cover also 

declined in shrubland (Tukey post-hoc test comparing bison before and after difference in 

shrubland -15.7, p=0.2, Figure 11 shrubland, Table 9) and vegetated riparian (Tukey post-hoc 

test comparing bison before and after difference in vegetated riparian -15.4, p=0.2, Figure 11 

vegetated riparian, Table 9) which was biologically significant, however these were not 

significant in post-hoc Tukey comparisons (Figure 11, Table 9). 
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Figure 11. Change in percent cover of grass in the 7 different landcover types before (2016) and 

after bison (2017) were brought into the pasture system. Red indicates data collected in control 

plots and blue indicates data collected inside the pasture where bison were contained.  
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Shrubs 

The three-way ANOVA analysis revealed that shrub cover, did not change significantly 

in response to bison or time (time:treatment F 1, 54 = 1.8, p=0.2). Shrub cover was most strongly 

affected by landcover types (landcover F 6, 54 = 17.9, p=2.6x10-11), however the effects of bison 

and time did not differ significantly across landcover types (time:treatment:landcover, F 6, 54 

=0.4, p=0.9). The three-way ANOVA explained 55% of the variation in shrub cover (adjusted R-

squared, Table 8). Tukey post hoc multiple comparisons revealed that shrub cover decreased in 

the winter pasture (Tukey post-hoc test comparing bison before and after difference = 26.4, 

p=0.7, Figure 12 winter pasture, Table 9) and in grassland (Tukey post-hoc test comparing bison 

before and after difference = 20.7, p=1.0, Figure 12 grassland, Table 9) which was biologically 

significant however not statistically significant.  
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Figure 12. Change in percent cover of shrubs in the 7 different landcover types before (2016) 

and after bison (2017) were brought into the pasture system. Red indicates data collected in 

control plots and blue indicates data collected inside the pasture where bison were contained.  

Litter  

The three-way ANOVA analysis provided support that post-bison treatment impacted 

litter cover across all landcover types (time:treatment F 1, 54 = 21.9, p=2.0x10-5). Litter cover 

increased in 2017 (time F 1, 54 =20.5, p=3.4x10-5) however the effects of bison and time did not 

differ significantly across landcover types (time:treatment:landcover, F 6, 54 =1.7, p=0.1). On 

average litter cover increased by 12.0% in the presence of bison across all landcover types 

(Tukey post-hoc test comparing bison before and after difference = -12.0, p = 3.0x10-7, Figure 

13, Table 9). The three-way ANOVA explained 57% of the variation in litter cover (adjusted R-

squared, Table 8). Tukey post hoc multiple comparisons revealed that the differences were 

driven by larger increases in aspen (Tukey post-hoc test comparing bison before and after 

difference aspen 34.5, p=1.2x10-5, Figure 13 aspen, Table 9) and burned forest (Tukey post-hoc 

test comparing bison before and after difference burned forest 24.6, p=2.2x-3, Figure 13 burned 

forest, Table 9) landcover types. Bison also increased litter cover in grassland, vegetated riparian 

and winter pasture however these were not significant in post-hoc Tukey comparisons (Figure 

13, Table 9). 
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Figure 13. Change in percent cover of litter in the 7 different landcover types before (2016) and 

after bison (2017) were brought into the pasture system. Red indicates data collected in control 

plots and blue indicates data collected inside the pasture where bison were contained.  
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Bare ground, rock and wallows  

The three-way ANOVA analysis revealed that bare ground, rock and wallow did not 

significantly change in response to bison or time (time:treatment F 1, 54 = 0.07, p = 0.8). Bare 

ground, rock and wallow cover was most strongly affected by landcover types (landcover F 6, 54 = 

35.5, p = <2.0x10-16), however the effects of bison and time did not differ significantly across 

landcover types (time:treatment:landcover, F 6, 54 =0.9, p=0.5). The three-way ANOVA 

explained 72% of the variation in bare ground, rock and wallow cover (adjusted R-squared, 

Table 8). Tukey post hoc multiple comparisons revealed that bare ground, rock and wallow cover 

increased slightly in vegetated riparian (Tukey post-hoc test comparing bison before and after 

difference = 7.2, p=1.0, Figure 14 vegetated riparian, Table 9) and in the winter pasture (Tukey 

post-hoc test comparing bison before and after difference = 8.3, p=1.0, Figure 14 winter pasture, 

Table 9) which was biologically significant but not statistically significant.  
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Figure 14. Change in percent cover of bare ground, rock and wallow in the 7 different landcover 

types before (2016) and after bison (2017) were brought into the pasture system. Red indicates 

data collected in control plots and blue indicates data collected inside the pasture where bison 

were contained.  

Woody debris 

The three-way ANOVA analysis revealed that woody debris cover did not significantly 
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was most strongly affected by landcover types (landcover F 6, 54 = 5.0, p=3.9x10-4) however the 

effects of bison and time did not differ significantly across landcover types 

(time:treatment:landcover, F 6, 54 =1.4, p=0.2). The three-way ANOVA explained 33% of the 

variation in woody debris cover (adjusted R-squared, Table 8). Tukey post hoc multiple 
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comparisons confirmed that woody debris was not significantly impacted by bison after they 

were introduced (Figure 15, Table 9). 

 

Figure 15. Change in percent cover of woody debris in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where bison were contained.  
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Table 8: Three-way ANOVA results for analysis of Bison bison on impact on vegetation community and non-vegetation attributes 

cover (%) in the soft-release pasture system in BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus 

the control treatments, 2) time before and after, and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Df F Statistics and P values 

  Forb Grass Shrub Litter 
Bare ground, 

rock & wallow  

Woody 

debris 

time 1 
F = 57.7 

P = 4.3x10-10 

F = 118.5 

P = 3.1x10-15 

F = 0.6   

P = 0.4     
F = 20.5 

P = 3.4x10-5 

F = 0.9 

P = 0.3     

F = 3.2 

P = 0.08 

treatment 1 
F = 0.2   

P = 0.6 
F = 18.1 

P = 8.34x10-5 

F = 3.0 

P = 0.09 
F = 9.9 

P = 2.7x10-3 

F = 3.7 

P =0.06   

F = 0.02 

P = 0.9     

landcover 6 
F = 21.9 

P = 7.5x10-13 

F = 30.5 

P = 1.2x10-15 

F = 17.9 

P = 2.6x10-11 

F = 5.4 

P = 2.1x10-4 

F = 35.5 

P =<2.0x10-16 

F = 5.0 

P = 3.9x10-4 

time:treatment             6 
F = 6.8 

P = 0.01 

F = 3.1 

P = 0.08 

F = 1.8   

P = 0.2     
F = 21.9 

P = 2.0x10-5 

F = 0.07 

P = 0.8  

F = 2.7 

P = 0.1     

time:landcover             6 
F = 1.7 

P = 0.1 
F = 8.6 

P = 1.5x10-6 

F = 1.4    

P = 0.2     
F = 4.4 

P = 1.2x10-3 

F = 0.09 

P = 1.0 

F = 2.1 

P = 0.07 

treatment:landcover        1 
F = 4.0 

P = 2.1x10-3 

F = 4.1 

P = 1.9x10-3 

F = 0.6    

P = 0.8     

F = 2.1 

P = 0.07 

F = 1.8 

P = 0.1     

F = 1.9 

P = 0.1     

time:treatment:landcover   6 
F = 0.9  

P = 0.5    

F = 2.3   

P = 0.5 

F = 0.4    

P = 0.9     

F = 1.7 

P = 0.1     

F = 0.9 

P = 0.5     

F = 1.4 

P = 0.2     

residual 54       

adjusted R-squared  0.72 0.83 0.55 0.57 0.72 0.33 
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Table 9: Mean differences in cover (%) of vegetation communities and non-vegetation attributes in different landcover types in the 

soft-release pasture system in BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated 

using post-hoc Tukey’s Honestly Significant Difference tests. Bold values indicate significance (p<0.05). 

     Forb  Grass  Shrub  Litter  
Bare ground, 

rock & wallow  

Woody 

debris  

After:Bison-

Before:Bison 

All 

Landcover 

types 

 

Mean 

difference 
-10.4 -17.6 -5.7 12.0     2.1  -0.6 

p-value <5.0x10-7 <5.0x10-7 0.5 3.0x10-7  0.9  0.9 

After:Bison: 

Landcover 

type-

Before:Bison

:Landcover 

type 

Aspen 

Mean 

difference 
-9.1 -43.6 -3.8 34.5  1.0    -1.2 

p-value 0.8 <5.0x10-7 1.0 1.2x10-5  1.0  1.0 

Burned 

Forest 

Mean 

difference 
-14.9 -16.1 2.9 24.6  -0.9    -1.7 

p-value 0.02 0.2 1.0 2.2x10-3  1.0  1.0 

Grassland 

Mean 

difference 
-7.6 -28.5 -20.7  14.3  5.1    0.8 

p-value 0.9 3.7x10-5 1.0 0.5  1.0  1.0 

Gravel 

Riparian 

Mean 

difference 
-1.4 -1.6 -1.4 2.4  -6.4    -3.8 

p-value 1.0 1.0 1.0 1.0  1.0  1.0 

Shrubland  

Mean 

difference 
-12.2 -15.7 -2.00 3.2  0.3    3.0 

p-value 0.2 0.2 1.0 1.0  1.0  1.0 

Vegetated 

Riparian 

Mean 

difference 
-12.6 -15.4 12.0 6.2  7.2  -3.2 

p-value 0.1 0.2 1.0 1.0  1.0  1.0 

Winter 

Pasture 

Mean 

difference 
-1.8 -6.0 -26.4   5.3  8.3    1.6 
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p-value 8.8x10-4 1.0 0.7 1.0  1.0  1.0 
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MANOVA analysis of herbaceous plant species 

The MANOVA analysis revealed that there were significant interactions between top 9 

herbaceous species and genera in response to time and treatment (time:treatment F 1, 54 = 2.7, 

p=0.01). These results led me to reject my null hypothesis, thus concluding that bison did have a 

significant impact on herbaceous vegetation. These vegetation communities were most strongly 

affected by time (time F 1, 54 = 8.8, p=1.6x10-7, Table 10) and landcover type (landcover F 6, 54 = 

4.0, p=7.7x10-15). The subsequent sections contain the results from the three-way ANOVAs 

which allowed me to understand which herbaceous species and genera were impacted.  

Table 10: Three-way MANOVA results for analysis of interactions between top 9 

herbaceous species and genera cover (%) in the soft-release pasture system in BNP in 2017. 

MANOVA tested for interaction of three factors: 1) Bison bison versus the control 

treatments, 2) time before and after, and 3) the landcover types. Bold values indicate 

significance (p<0.05). 

 Df Pillai’s trace  F Ratio Df1 Df2    P value 

intercept 1 0.9    65.4 9 46 < 2.2x10-16 

time 1 0.6     8.8 9 46 1.6x10-7 

treatment 1 0.3     2.3 9 46 0.04 

landcover 6 2.5    4.0 54 306 7.7x10-15 

time:treatment              1 0.3    2.7 9 46 0.01 

time:landcover              6 1.3    1.6 54 306 0.006 

treatment:landcover         6 1.2    1.4 54 306 0.05 

time:treatment:landcover  6 1.0     1.1 54 306 0.3 

residuals 54                                                  

 

ANOVA analysis of herbaceous plants 

Festuca spp. 

The three-way ANOVA analysis provided support that post-bison treatment reduced 

Festuca spp. cover across all landcover types (time:treatment F 1, 54 = 12.9, p=0.0007). Festuca 

spp. cover was lower in 2017 (time F 1, 54 =21.7, p=2.2x10-5), and the effects of bison and time 
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differed across landcover types (time:treatment:landcover, F 6, 54 =2.5, p=0.03). On average, 

Festuca spp. cover declined by 4.2% in the presence of bison across all landcover types (Tukey 

post-hoc test comparing bison before and after difference = -4.2, p = 1.6x10-6, Figure 16, Table 

12).  The three-way ANOVA explained 74% of the variation in Festuca spp. cover (adjusted R-

squared, Table 11). Tukey post hoc multiple comparisons revealed that the differences are driven 

by larger declines in aspen (Tukey post-hoc test comparing bison before and after difference 

aspen -14, p = 0.002, Figure 16 aspen, Table 12) and the grassland landcover types (Tukey post-

hoc test comparing bison before and after difference grassland -10.5%, p =0.0003, Figure 16  

grassland, Table 12). No significant changes in Festuca spp. was observed in other landcover 

types. 
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Figure 16. Change in percent cover of Festuca spp. in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where bison were contained.  

Bromus spp. 

The three-way ANOVA analysis revealed that Bromus spp. cover did not significantly 

change in response to bison or time (time:treatment F 1, 54 = 0.4, p = 0.5). Bromus spp. cover was 

most strongly affected by time, with 0.5% lower cover in year 2, 2017 (time F 1, 54 =6.4, p=0.01). 

The effects of bison and time did not differ significantly across landcover types 

(time:treatment:landcover, F 6, 54 =0.9, p=0.5). The three-way ANOVA only explained 3% of the 

variation in Bromus spp. cover (adjusted R-squared, Table 11). Tukey post hoc multiple 
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landcover types after the bison after they were introduced (Table 12). Even at the genus level, 

there is high variability in the data which makes it difficult to detect actual changes. Detailed 

analysis of Bromus spp. available in Appendix C. 

Leymus innovatus 

The three-way ANOVA analysis revealed that post-bison treatment did not significantly 

impact Leymus innovatus cover (time:treatment F 1, 54 = 0.8, p=0.4), however Tukey post-hoc test 

comparing bison before and after did indicate that Leymus innovatus reduced by 7.8% across all 

landcover types (p=0.002). Leymus innovatus cover was most strongly affected by time, with 

8.8% lower cover in year 2, 2017 (time F1, 54 = 26.9, p<3.3x10-6). Leymus innovatus cover was 

also strongly affected by landcover types (landcover, F 6, 54 = 5.3, p=0.0002). The three-way 

ANOVA explained 47% of the variation in Leymus innovatus cover (adjusted R-squared, Table 

11). Tukey post hoc multiple comparisons shows that the differences were driven by 20% 

decline in cover in aspen (Tukey post-hoc test comparing bison before and after difference =-

20.5, p=0.1, Figure 18 aspen, Table 12) which was biologically significant but not statistically 

significant (p=0.2). It is important to note however that Leymus innovatus decreased in aspen 

control plots by 34%. Leymus innovatus also decreased in cover in burned forest, grassland, 

shrubland and vegetated riparian landcover types these were not significant in post-hoc Tukey 

comparisons (Figure 18, Table 12).  
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Figure 18. Change in percent cover of Leymus innovatus in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where bison were 

contained.  

Koeleria macrantha 

The three-way ANOVA analysis confirmed that post-bison treatment reduced Koeleria 

macrantha cover across all landcover types (time:treatment F1, 54 = 4.3, p=0.04). However, 

further analysis of Tukey post-hoc multiple comparisons revealed that there was not a significant 

difference in Koeleria macrantha when comparing bison before and after (p=1.0, Table 12) 
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(time:treatment:landcover, F6, 54 =1.9, p=0.1). The three-way ANOVA explained 14% of the 

variation in Koeleria macrantha cover (adjusted R-squared, Table 11). Additional Tukey post 

hoc multiple comparisons examining change in Koeleria macrantha cover in different landcover 

types revealed that bison did not significantly impact this species (Table 12). Detailed analysis of 

Koeleria macrantha available in Appendix C. 

Chamerion angustifolium 

The three-way ANOVA analysis provided support that post-bison treatment reduced 

Chamerion angustifolium cover across all landcover types (time:treatment F 1, 54 = 3.5, p=0.07). 

On average, Chamerion angustifolium cover declined by 6% in the presence bison across all 

landcover types (Tukey post-hoc test comparing bison before and after difference = -6.0, p = 

2.0x10-5, Figure 19, Table 12). Chamerion angustifolium cover was strongly affected by time 

and was 4.8% lower in 2017 (time F 1, 54 =25.7, p=5.8x10-6), however the effects of bison and 

time did not differ significantly across landcover types (time:treatment:landcover, F 6, 54 =1.5, 

p=0.2). The three-way ANOVA explained 61% of the variation in Chamerion angustifolium 

cover (adjusted R-squared, Table 11). Tukey post hoc multiple comparisons revealed that the 

differences are driven by a decline in the winter pasture (Tukey post-hoc test comparing bison 

before and after difference winter pasture = -0.2%, p = 3.6x10-5, Figure 19 winter pasture, Table 

12). Bison grazing reduced Chamerion angustifolium cover by 10.7% in burned forest and 

shrubland landcover types however these were not significant in post-hoc Tukey comparisons 

(Table 12).  
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Figure 19. Change in percent cover of Chamerion angustifolium in the 7 different landcover 

types before (2016) and after bison (2017) were brought into the pasture system. Red indicates 

data collected in control plots and blue indicates data collected inside the pasture where bison 

were contained.  

Chamerion latifolium 

Because Chamerion latifolium was only found in the gravel riparian landcover type, a 

two-way ANOVA analysis was completed. The analysis indicated that Chamerion latifolium 

cover did not significantly change in response to bison and time (time:treatment F 1, 8 = 1.2, p = 

0.3). The two-way ANOVA explained 21% of the variation in Chamerion latifolium cover 

(adjusted R-squared, Table 11). Detailed analysis of Chamerion latifolium available in Appendix 

C.  
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Hedysarum spp. Achillea millefolium and Fragaria virginiana glauca 

The three-way ANOVA analysis revealed that Hedysarum spp., Achillea millefolium and 

Fragaria virginiana glauca cover did not significantly change in response to bison or time 

(time:treatment: Hedysarum spp. F 1, 54 = 1.4, p = 0.2, Achillea millefolium F 1, 54 = 0.4, p = 0.5, 

Fragaria virginiana glauca F 1, 54 = 0.05, p = 0.5). However, Tukey post hoc multiple 

comparisons for impact of bison across the entire pasture indicated that both Hedysarum spp. and 

Achillea millefolium cover declined by 0.7% and 0.5% respectively (Hedysarum spp. p=3.3x10-4, 

Achillea millefolium p=4.7x10-4, Table 12). All species were most strongly affected by time 

(Hedysarum spp. time F 1, 54 =19.3, p=4.1x10-5, Achillea millefolium time F1, 54 = 13.9, p=5.0x10-

4, Fragaria virginiana glauca time F 1, 54 =6.4, p=4.1x10-5). The effects of bison and time on the 

cover of these species did not differ significantly across landcover types 

(time:treatment:landcover : Hedysarum spp., F 6, 54 =1.0, p=0.5, Achillea millefolium F 6, 54 =0.5, 

p=0.8, Fragaria virginiana glauca F 6, 54 = 0.4, p=0.8 ). Additional Tukey post hoc multiple 

comparisons examining change in cover for all species in different landcover types revealed that 

bison did not have a significant impact (Table 12). The three-way ANOVA explained 30% of the 

variation in Hedysarum spp. cover, 10% of the variation in Achillea millefolium and 58% of the 

variation in Fragaria virginiana glauca (adjusted R-squared, Table 11).  Detailed analysis of 

Hedysarum spp., Achillea millefolium and Fragaria virginiana glauca available in Appendix C. 
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Table 11a: Three-way ANOVA results for analysis of Bison bison impact on herbaceous vegetation species cover (%) in the soft-

release pasture system in BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus the control 

treatments, 2) time before and after, and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Df F Statistics and P values 

  Bromus spp. Festuca spp. Hedysarum spp. 
Leymus 

innovatus 

Koeleria 

macrantha 

time 1 
F = 6.4 

P = 0.01 

F = 21.7 

P = 2.2x10-5 

F = 20.0 

P = 4.1x10-5 

F = 26.9 

P = 3.3x10-6 

F = 3.6 

P = 0.06 

treatment 1    
F = 0.09 

P = 0.8   

F = 3.4   

P =0.07 

F = 0.09 

P = 0.8     

F = 0.3 

P = 0.6     

F = 3.6 

P = 0.06 

landcover 6    
F = 1.3 

P = 0.3   
F = 29.6 

P = 2.1x10-15 

F = 3.2   

P = 0.01 

F = 5.3 

P = 2.2x10-4 

F = 0.8 

P = 0.6   

time:treatment             1    
F = 0.4 

P = 0.5  
F = 13.0   

P = 7.0x10-4 

F = 1.4 

P = 0.2    

F = 0.8 

P = 0.4     
F = 4.3 

P = 0.04 

time:landcover             6    
F = 1.0 

P = 0.4   
F = 3.4   

P = 0.3x10-3 

F = 1.8  

P = 0.1     
F = 3.0 

P = 0.01 

F = 0.6 

P = 0.7   

treatment: landcover       6    
F = 0.7 

P = 0.7   

F = 0.4   

P =0.9     

F = 0.8    

P = 0.6     
F = 2.7 

P = 0.02 

F = 1.6 

P = 0.2   

time:treatment: 

landcover   
6    

F = 0.9 

P = 0.5   
F = 2.5 

P = 0.03 

F = 1.0     

P = 0.5     

F = 0.6 

P = 0.7     

F = 1.9 

P = 0.1   

Residual 54        

Adjusted R-squared  0.03 0.74 0.30 0.47 0.14 
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Table 11b: Three-way ANOVA results for analysis of Bison bison impact on herbaceous vegetation species 

cover (%) in the soft-release pasture system in BNP in 2017. ANOVA tested for interaction of three factors: 1) 

Bison bison versus the control treatments, 2) time before and after, and 3) the landcover types. Bold values 

indicate significance (p<0.05). 

 Df F Statistics and P values Df 
F Statistics and 

P values 

  
Achillea 

millefolium 

Chamerion 

angustifolium 

Fragaria virginiana 

glauca 
 

Chamerion 

latifolium* 

time 1 
F = 13.9 

P = 4.7x10-4 

F = 25.7 

P = 5.1x10-6 

F = 6.4 

P = 0.01 
1 

F = 1.0 

P = 0.4   

treatment 1    
F = 1.8 

P = 0.2     

F = 3.0   

P = 0.09 

F = 2.8    

P = 0.1     
1 

F = 3.7 

P = 0.09 

landcover 6    
F = 0.8 

P = 0.5     
F = 12.2 

P = 1.2x10-8 

F = 18.7 

P = 1.3x10-11 
- 

time:treatment             1    
F = 0.4 

P = 0.5     

F = 3.5   

P = 0.07 

F = 0.05 

P = 0.8     
1 

F = 1.2 

P = 0.3   

time:landcover             6    
F = 1.1 

P = 0.4    

F = 3.9   

P = 0.003 

F = 0.8    

P = 0.6     
- 

treatment: landcover       6    
F = 0.9 

P = 0.5     

F = 2.3   

P = 0.05 

F = 1.7    

P = 0.2     
- 

time:treatment: 

landcover   
6    

F = 0.5 

P = 0.8     

F = 1.5   

P = 0.2     

F = 0.4    

P = 0.8 
- 

Residual 54      8  

Adjusted R-squared  0.10 0.61 0.58  0.21 
* 2-way ANOVA completed 
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Table 12a: Mean differences in cover (%) of herbaceous vegetation species in different landcover types in the soft-release pasture 

system in BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated using post-hoc 

Tukey’s Honestly Significant Difference tests. Bold values indicate significance (p<0.05). 

     Bromus spp. Festuca spp. 
Hedysarum 

spp. 

Leymus 

innovatus 

Koeleria 

macrantha 

After:Bison - 

Before:Bison 

All Landcover 

types 

 

Mean 

difference 
-0.6 -4.2 -0.7  -7.8 0.05 

p-value 0.08 1.6x10-6 3.3x10-4  2.2x10-4 1.0 

After:Bison: 

Landcover 

type - 

Before:Bison:

Landcover 

type 

Aspen  

Mean 

difference 
1.0x10-14 -10.1 -1.5  -20.5 -0.2 

p-value 1.0 2.0x10-3 0.4  0.1 1.0 

Burned Forest 

Mean 

difference 
-0.8 -3.4 -0.6  -7.7 0.3 

p-value 1.0 1.0 1.0 1.0 1.0 

Grassland 

Mean 

difference 
-2.5x10-2 -10.5 -1.4  11.1 0.3 

p-value 1.0 2.6x10-5 0.4  0.9 1.0 

Gravel Riparian 

Mean 

difference 
-1.4 -5.0x10-2   -0.1  -1.2 3.2x10-16 

p-value 0.9 1.0 1.0  1.0 1.0 

Shrubland  

Mean 

difference 
-0.8 -0.2   3.2x10-16  -9.1 -4.0x10-16 

p-value 1.0 1.0 1.0 1.0 1.0 

Vegetated 

Riparian 

Mean 

difference 
-0.8 -2.0   -1.5  -9.2 -2.9x10-16 

p-value 1.0 1.0 0.3  1.0 1.0 

Winter Pasture 

Mean 

difference 
-0.2 -3.2 0.2  0.4 -7.5x10-2 

p-value 1.0 1.0 1.0  1.0 1.0 
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Table 12b: Mean differences in cover (%) of herbaceous vegetation species in different landcover types in the soft-

release pasture system in BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were 

calculated using post-hoc Tukey’s Honestly Significant Difference tests. Bold values indicate significance (p<0.05). 

   
Achillea 

millefolium 

Chamerion 

angustifolium 

Chamerion 

latifolium 

Fragaria virginiana 

glauca 

After:Bison - 

Before:Bison 

All Landcover 

types 

 

-0.5 -6.0 - -0.8 

5.8x10-3 1.6x10-5 - 0.2 

After:Bison: 

Landcover type - 

Before:Bison:Land

cover type 

Aspen  
-0.8 -1.4 - -1.3 

0.9 1.0 - 1.0 

Burned Forest 
-0.8 -10.2 - 0.1 

0.9 0.2 - 1.0 

Grassland 
-0.4 -0.4 - -1.1 

1.0 1.0 - 1.0 

Gravel Riparian 
-0.9 0.1 -0.3 -4.4x10-16 

0.7 1.0 1.0 1.0 

Shrubland  
5.0x10-16 -9.6 - -1.0 

1.0 0.3 - 1.0 

Vegetated 

Riparian 

-0.3 -3.8 - -2.0 

1.0 1.0 - 1.0 

Winter Pasture 
-9.5x10-2 -0.2 - -1.1 

1.0 3.6x10-5 - 1.0 
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ANOVA analysis of shrub species cover 

 The following sections examine the impacts that bison had on the cover, height, browse 

and mortality of the 5 dominant shrub species found in the pasture using ANOVA. Cover, height, 

browse and mortality was examined for Picea engelmannii and Pinus contorta; however, no 

impacts were detected due to variability in the data and small sample sizes since only a few 

individuals of these species were <2m in height. Detailed analysis of other shrub species cover 

available in Appendix C. 

Salix spp.  

The three-way ANOVA analysis revealed that Salix spp. cover, did not significantly 

change in response to bison or time (time:treatment F 1, 57 = 1.3, p = 0.3), however Tukey post-

hoc comparisons of the time:treatment interaction showed that bison reduced Salix spp. cover on 

average by 10%  (p=0.0006, Table 14) across all landcover types inside the pasture (Figure 20). 

Salix spp. cover was generally lower in 2017 (time F 1, 57 =17.3, p=0.0001) but was most strongly 

affected by landcover types (landcover F 6, 57 = 104.1, p = < 2x10-16). The combined effects of 

bison and time did not differ significantly across landcover types (time:treatment:landcover, F 6, 

57 = 0.6, p=0.7). The three-way ANOVA explained 89% of the variation in Salix spp. cover 

(adjusted R-squared, Table 13). Tukey post-hoc analyses of differences before and after bison 

grazing in specific landcover types failed to demonstrate significant bison impacts on Salix spp. 
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Figure 20. Change in percent cover of Salix spp. across entire pasture before (2016) and after 

bison (2017) were brought into the pasture system. Red indicates data collected in control plots 

and blue indicates data collected inside the pasture where bison were contained.  

Betula glandulosa, Potentilla fruticosa and Sherperdia canadensis 

The three-way ANOVA analysis revealed that Betula glandulosa, Potentilla fruticosa, 

and Sherperdia canadensis cover did not significantly change in response to bison and time 

(time:treatment: Betula glandulosa F 1, 57 = 0.07, p = 0.8, Potentilla fruticosa F 1, 57 = 1.6, p = 

0.2, Sherperdia canadensis F 1, 57 = 0.2, p = 0.7). Cover of all species was most strongly affected 

by landcover types (landcover: Betula glandulosa F 6, 57 = 7.4, p = 7x10-6, Potentilla fruticosa F 

6, 57 = 5.8, p = 8.76x10-5, Sherperdia canadensis F 6, 57 = 10.2, p = 1.15x10-7), however the 

combined effects of bison and time did not differ for any of these species significantly across 

landcover types (time:treatment:landcover: Betula glandulosa F 6, 57 = 0.2, p=1.0, Potentilla 

fruticosa F 6, 54 = 0.2, p=1.0, Sherperdia canadensis F 6, 54 = 0.1, p=1.0). The three-way ANOVA 

explained 23% of the variation in Betula glandulosa cover, 28% of the variation in Potentilla 

fruticosa cover and 46% of the variation in Sherperdia canadensis cover (adjusted R-squared, 
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Table 13). Tukey post-hoc analyses of differences before and after bison grazing in specific 

landcover types failed to demonstrate significant bison impacts on any of these species (Table 

14). 

Populus tremuloides  

Because Populus tremuloides was primarily found in the aspen landcover type, a two-

way ANOVA analysis was completed. I found Populus tremuloides cover did not significantly 

change in response to bison and time (time:treatment F 1, 9 = 1.2, p = 0.3). Populus tremuloides 

cover was generally lower in 2017 (time F 1, 9 = 7.3, p = 0.02). The two-way ANOVA explained 

32% of the variation in Populus tremuloides cover (adjusted R-squared, Table 13). 
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Table 13: Three-way ANOVA results for analysis of Bison bison impact on shrub species cover (%) in the soft-release 

pasture system in BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus the control 

treatments, 2) time before and after, and 3) the landcover types.  Bold values indicate significance (p<0.05). 

  Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

 Df F Statistic 

P values 
Df 

F Statistic 

P values 

time 1 F = 17.3 

P = 1.0x10-4 

F = 0.02   

P = 0.9     

F = 2.1 

P = 0.2 

F = 0.04 

P = 0.8 
1 

F = 7.3 

P = 0.02 

treatment 1 F = 7.3 

P = 0.009 

F = 3.2   

P = 0.08 

F = 6.7   

P = 0.01 

F = 4.5 

P = 0.04 
1 

F = 0.0 

P = 1.0 

landcover 6 F = 104.1   

P = < 2.0x10-16 

F = 7.4   

P = 7.0x10-6 

F = 5.8 

P = 8.8x10-5 

F = 10.2 

P = 1.2x10-7 
- 

time:treatment             1 F = 1.3 

P = 0.3     

F = 0.07   

P = 0.8     

F = 1.6 

P = 0.2     

F = 0.2 

P = 0.7 
1 

F = 1.2 

P = 0.3 

time:landcover            6 F = 1.0 

P = 0.4     

F = 0.2   

P = 1.0     

F = 0.4    

P = 0.9     

F = 0.2 

P = 1.0 
- 

treatment:landcover       6 F = 3.3 

P = 0.007 

F = 0.2   

P = 1.0     

F = 2.0   

P = 0.08 
F = 5.2 

P = 3.0x10-4 
- 

time:treatment: 

landcover   

6 F = 0.6 

P = 0.7     

F = 0.2  

P = 1.0     

F = 0.2    

P = 1.0     

F = 0.1 

P = 1.0 
- 

Residual 57     9  

Adjusted R-squared  0.89 0.23 0.28 0.46  0.32 

* 2-way ANOVA completed 
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Table 14. Mean differences in cover (%) of shrub species in different landcover types in the soft-release pasture system in 

BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated using post-hoc Tukey’s 

Honestly Significant Difference tests. Bold values indicate significance (p<0.05). 

 
    

Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

After:Bison-

Before:Bison 

All Landcover 

types 

 

Mean difference -10.0 -0.01   -0.8 -0.4 - 

p-value 6.4x10-4 1.0 0.2 1.0 - 

After:Bison: 

Landcover 

type-

Before:Bison:

Landcover 

type 

Aspen 
Mean difference -0.7 -0.6 -1.4   2.6x10-15 -9.8 

p-value 1.0 1.0 1.0 1.0 0.4 

Burned Forest 
Mean difference -2.4   0.1 -0.9   -7.7x10-2 - 

p-value 1.0 1.0 1.0 1.0 - 

Grassland 
Mean difference -0.6   -1.7x10-15 1.3x10-15   2.8x10-15 - 

p-value 1.0 1.0 1.0 1.0 - 

Gravel Riparian 
Mean difference -4.4   3.7x10-15 1.4x10-15 -2.0 - 

p-value 1.0 1.0 1.0 1.0 - 

Shrubland  
Mean difference -13.3   0.8 -1.1 -1.1x10-15 - 

p-value 1.0 1.0 1.0 1.0 - 

Vegetated 

Riparian 

Mean difference -11.4 -1.9 -0.9 -3.9 - 

p-value 1.0 1.0 1.0 1.0 - 

Winter Pasture 
Mean difference -8.0 -1.2 -0.9 -6.8x10-2   - 

p-value 1.0 1.0 1.0 1.0 - 

* 2-way ANOVA completed 
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ANOVA analysis of shrub species height  

Most shrub species height were not impacted by bison except for Betula glandulosa. A 

detailed analysis of all shrub species height is available in Appendix C and a summary of the 

statistical analysis is summarized in tables 13 and 14. When examining the combined effects of 

bison and time across landcover types, Betula glandulosa height was impacted 

(time:treatment:landcover, F 4, 34 =2.9, p=0.04). However, Tukey post hoc multiple comparisons 

examining change in Betula glandulosa height in specific landcover types revealed that there 

was no significant change (Table 16). The three-way ANOVA explained 70% of the variation in 

Betula glandulosa height (adjusted R-squared, Table 15). 
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Table 15: Three-way ANOVA results for analysis of Bison bison impact on shrub species height in the soft-release pasture system in 

BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus the control treatments, 2) time before and after, 

and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Salix spp. Betula glandulosa Potentilla fruticosa Sherperdia 

canadensis 

Populus 

tremuloides* 

 Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

time 
1 

F = 0.04    

P = 0.09     
1 

F = 4.4   

P = 0.04 
1 

F = 5.7 

P = 0.02 
1 

F = 0.002 

P = 1.0    
1 

F = 0.1   

P = 0.7 

treatment 
1 

F = 2.0     

P = 0.2     
1 

F = 0.05   

P = 0.8     
1 

F = 0.09 

P = 0.8     
1 

F = 9.8 

P = 0.004 
1 

F = 0.08   

P = 0.2 

landcover 
6 

F = 14.3 

P = 2.1x10-9 
6 

F = 17.9 

P = 3.1x10-9 
6 

F = 5.3 

P = 4.0x10-4 
6 

F = 3.7 

P = 0.008 
- 

time:treatment            
1 

F = 0.3     

P = 0.6     
1 

F = 0.007   

P = 0.9     
1 

F = 1.3 

P = 0.3     
1 

F = 0.3 

P = 0.6    
1 

F = 0.6   

P = 0.5 

time:landcover            
6 

F = 0.3 

P = 1.0     
6 

F = 1.0   

P = 0.4     
6 

F = 2.3 

P = 0.06 
6 

F = 1.5 

P = 0.2    
- 

treatment: 

landcover        
6 

F = 0.9     

P = 0.5     
5 

F = 5.8   

P = 6.0x10-4 
5 

F = 1.4 

P = 0.2     
4 

F = 1.0 

P = 0.4    
- 

time:treatment: 

landcover   
5 

F = 0.5     

P = 0.8     
4 

F = 2.9 

P = 0.04 
5 

F = 0.5 

P = 0.7     
1 

F = 1.6 

P = 0.2    
- 

Residual 50  34  44  27  9  

Adjusted R-squared  0.49  0.70  0.35  0.37  -0.22 
* 2-way ANOVA completed 
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Table 16. Mean differences in height (cm) of shrub species in different landcover types in the soft-release pasture system in BNP 

before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated using post-hoc Tukey’s Honestly 

Significant Difference tests. Bold values indicate significance (p<0.05). 

 
    

Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

After:Bison-

Before:Bison 
All Landcover 

types 

 

Mean 

difference 
0.7 8.5 7.2 0.6  - 

p-value 1.0 0.3 0.06 1.0 - 

After:Bison: 

Landcover type-

Before:Bison:L

andcover type 

Aspen 

Mean 

difference 
11.2 -16.5 7.5 1.1 2.6   

p-value 1.0 1.0 1.0 1.0 1.0 

Burned Forest 

Mean 

difference 
8.4 6.6 28.3 -2.9 - 

p-value 1.0 1.0 0.8 1.0 - 

Grassland 

Mean 

difference 
-7.2 11.3 -0.4 -6.3 - 

p-value 1.0 1.0 1.0 1.0 - 

Gravel 

Riparian 

Mean 

difference 
-8.3 3.0 24.3 5.8 - 

p-value 1.0 1.0 0.6 1.0 - 

Shrubland  

Mean 

difference 
1.6 1.1  22.7 - - 

p-value 1.0 1.0 0.5 - - 

Vegetated 

Riparian 

Mean 

difference 
14.5 12.3 5.9 7.0 - 

p-value 1.0 1.0 1.0 1.0 - 

Winter Pasture 

Mean 

difference 
-0.9 19.6 -5.0 -12.4 - 

p-value 1.0 0.7 1.0 1.0 - 
* 2 way ANOVA completed 
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ANOVA analysis of shrub species browse and mortality 

 The results of browse and mortality data on shrub species were consistent with each 

other. Salix spp. was the only shrub type which bison browsed, which in turn resulted in an 

increase in mortality to Salix spp. The three-way ANOVA analysis provided support that bison 

browsed and increased mortality of Salix spp. across all landcover types (browse time:treatment 

F 1, 50 = 12.3, p=1.0x10-3, mortality time:treatment F 1, 50 = 10.4, p=0.002). On average, browse 

levels on Salix spp. increased by 2.5% and mortality increased by 4% in the presence bison 

across all landcover types (Tukey post-hoc test comparing bison before and after difference: 

browse = 2.5, p = <5.0x10-7, Figure 21, mortality = 4.0, p = 2.1x10-5, Figure 21, Tables 18 and 

20). The three-way ANOVA explained 64% of the variation in Salix spp. browse and 47% of the 

variation in mortality (adjusted R-squared, Tables 17 and 19). Tukey post hoc multiple 

comparisons revealed that the differences are driven by increased browsing and mortality in the 

winter pasture landcover type (Tukey post-hoc test comparing bison before and after difference 

in winter pasture: browsing = 6.0%, p =8.810-4, mortality = 9.5, p =5.1x10-6, Figure 21 and 22 

winter pasture, Tables 18 and 20). Detailed analysis of browse and mortality on other shrub 

species is available in Appendix C. 
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Figure 21. Change in browse levels of Salix spp. in the 7 different landcover types before (2016) 

and after bison (2017) were brought into the pasture system. Red indicates data collected in 

control plots and blue indicates data collected inside the pasture where bison were contained.  
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Figure 22. Change in mortality of Salix spp. in the 7 different landcover types before (2016) and 

after bison (2017) were brought into the pasture system. Red indicates data collected in control 

plots and blue indicates data collected inside the pasture where bison were contained.  
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Table 17. Three-way ANOVA results for analysis of Bison bison impact on shrub species browse in the soft-release pasture 

system in BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus the control treatments, 2) time 

before and after, and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Salix spp. Betula glandulosa Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

 Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

time 
1 

F = 38.6 

P = 1.0x10-7 
1 

F = 2.7   

P = 0.1 
1 

F = 1.8   

P = 0.2 
1 

F = 3.1 

P = 0.09 
1 

F = 2.3 

P = 0.2 

treatment 
1 

F = 14.7 

P = 3.6x10-4 
1 

F = 0.6   

P = 0.4 
1 

F = 0.6   

P = 0.4 
1 

F = 1.0 

P = 0.3   
1 

F = 1.0   

P = 0.3 

landcover 
6 

F = 6.7 

P = 2.9x10-5 
6 

F = 0.7   

P = 0.7 
6 

F = 1.5   

P = 0.2 
6 

F = 1.5 

P = 0.2   
- 

time:treatment             
1 

F = 12.3 

P = 0.001 
1 

F = 0.8   

P = 0.4 
1 

F = 0.5   

P = 0.5 
1 

F = 0.4 

P = 0.5   
1 

F = 1.0   

P = 0.4 

time:landcover             
6 

F = 7.0 

P = 1.9x10-5 
6 

F = 0.6   

P = 0.8 
6 

F = 1.5   

P = 0.2 
6 

F = 1.6 

P = 0.2   
- 

treatment: landcover       
6 

F = 0.9 

P = 0.5     
5 

F = 0.06   

P = 1.0 
5 

F = 0.003   

P = 1.0 
4 

F = 0.0 

P = 1.0   
- 

time:treatment: 

landcover   
5 

F = 1.1 

P = 0.4     
4 

F = 0.07   

P = 1.0 
5 

F = 0.002   

P = 1.0 
1 

F = 0.0 

P = 1.0   
- 

Residual 50  34  44  27  9  

Adjusted R-squared  0.64  -0.26  -0.06  0.06  0.10 
* 2-way ANOVA completed 
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Table 18. Mean differences in browse (%) of shrub species in different landcover types  in the soft-release pasture system in 

BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated using post-hoc Tukey’s 

Honestly Significant Difference tests.  Bold values indicate significance (p<0.05). 

 
    

Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

After:Bison-

Before:Bison 

All Landcover 

types 

 

Mean difference 2.5 0.2 0.5 0.2 - 

p-value <5.0x10-7 0.3 0.4 0.3 - 

After:Bison: 

Landcover 

type-

Before:Bison:

Landcover 

type 

Aspen 
Mean difference 0.7 1.5x10-16 -8.1x10-16 0.7 1.1 

p-value 1.0 1.0 1.0 0.3 0.3 

Burned Forest 
Mean difference 1.0 -8.7x10-18 -3.0x10-16 4.2x10-17 - 

p-value 1.0 1.0 1.0 1.0 - 

Grassland 
Mean difference 2.9 -2.5x10-17 -2.8x10-16 0.2 - 

p-value 0.6 1.0 1.0 1.0 - 

Gravel 

Riparian 

Mean difference 1.3 7.0x10-17 -7.0x10-16 -3.8x10-17 - 

p-value 1.0 1.0 1.0 1.0 - 

Shrubland  
Mean difference 0.3 2.2x10-16 3.3 - - 

p-value 1.0 1.0 0.2 - - 

Vegetated 

Riparian 

Mean difference 0.6 0.6 -2.3x10-16 1.7x10-16 - 

p-value 1.0 1.0 1.0 1.0 - 

Winter Pasture 
Mean difference 6.0  0.3 0.4 1.7x10-17 - 

p-value 5.2x10-10 1.0 1.0 1.0 - 

* 2-way ANOVA completed 
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Table 19. Three-way ANOVA results for analysis of Bison bison impact on shrub species mortality in the soft-

release pasture system in BNP in 2017. ANOVA tested for interaction of three factors: 1) Bison bison versus the 

control treatments, 2) time before and after, and 3) the landcover types. Bold values indicate significance (p<0.05). 

 Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

 Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

Df F statistic 

P value 

time 

1 
F = 17.1 

P = 

1.4x10-4 

1 
F = 1.8   

P = 0.2 
1 

F = 0.4 

P = 0.5 
- 1 

F = 2.7   

P = 0.1 

treatment 
1 

F = 9.0 

P = 0.004 
1 

F = 1.0   

P = 0.3 
1 

F = 0.09   

P = 0.8   

- 
1 

F = 1.3 

P = 0.3 

landcover 
6 

F = 2.5 

P = 0.03 
6 

F = 0.9   

P = 0.5 
6 

F = 1.8   

P = 0.1   

- 
- 

time:treatment             
1 

F = 10.4 

P = 0.002 
1 

F = 0.8 

P = 0.4 
1 

F = 0.7   

P = 0.4   

- 
1 

F = 1.8   

P = 0.2 

time:landcover            
6 

F = 3.7 

P = 0.004 
6 

F = 0.7   

P = 0.6 
6 

F = 1.4   

P = 0.2   

- 
- 

treatment: landcover       
6 

F = 1.9 

P = 0.1 
5 

F = 0.8   

P = 0.6 
5 

F = 2.0  

P = 0.1 

- 
- 

time:treatment: 

landcover   
5 

F = 1.6 

P = 0.2    
4 

F = 0.4   

P = 0.8 
5 

F = 1.5   

P = 0.2   

- 
- 

Residual 50  34  44  - - 

Adjusted R-squared  0.47  -0.09  0.15 - 9 0.19 

* 2-way ANOVA completed 
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Table 20:  Mean differences in mortality (% dead) of shrub species in different landcover types in the soft-release pasture system in 

BNP before (2016) and after (2017) the presence of Bison bison. Mean differences were calculated using post-hoc Tukey’s Honestly 

Significant Difference tests.  Bold values indicate significance (p<0.05). 

 
    

Salix spp. Betula 

glandulosa 

Potentilla 

fruticosa 

Sherperdia 

canadensis 

Populus 

tremuloides* 

After:Bison-

Before:Bison 

All Landcover 

types 

 

Mean difference 4.0 -1.8 -0.1 - - 

p-value 2.1x10-5 0.4 1.0 - - 

After:Bison: 

Landcover type-

Before:Bison:La

ndcover type 

Aspen 
Mean difference -3.1 -10.0 1.3 - 8.1 

p-value 1.0 0.9 1.0 - 0.2 

Burned Forest 
Mean difference -2.6 -0.3 -3.5 - - 

p-value 1.0 1.0 1.0 - - 

Grassland 
Mean difference -4.1 -2.0 -0.7 - - 

p-value 1.0 1.0 1.0 - - 

Gravel 

Riparian 

Mean difference 1.6 -10.0x10-16 -6.0 - - 

p-value 1.0 1.0 1.0 - - 

Shrubland  
Mean difference -2.3 0.6 8.9   - - 

p-value 1.0 1.0 0.8 - - 

Vegetated 

Riparian 

Mean difference -1.1  -4.2 -0.3 - - 

p-value 1.0 1.0 1.0 - - 

Winter Pasture 
Mean difference 9.5 -0.4 -1.5 - - 

p-value 5.1x10-6 1.0 1.0 - - 
* 2-way ANOVA completed 
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ANOVA analysis of biomass impacts 

Grass 

The three-way ANOVA analysis provided support that post-bison treatment reduced 

grass biomass across all landcover types (time:treatment F 1, 54 = 5.9, p=0.02). On average, grass 

biomass declined by 10.3% in the presence bison across all landcover types (Tukey post-hoc test 

comparing bison before and after difference = -10.3, p = <5.0x10-7, Fig. 20). Grass biomass was 

lower in 2017 (time F 1, 54 =62.2, p=1.5x10-10), however the effects of bison and time did not 

differ significantly across landcover types (time:treatment:landcover, F 6, 54 =0.2, p=1.0). The 

three-way ANOVA explained 58% of the variation in grass biomass (adjusted R-squared, Table 

21). Tukey post-hoc multiple comparisons revealed that the differences were driven by larger 

declines in aspen (Tukey post-hoc test comparing bison before and after difference in aspen = -

16.1, p = 0.02, Figure 23 aspen) and in the burned forest landcover types (Tukey post-hoc test 

comparing bison before and after difference in burned forest = -14.0, p =0.03, Figure 23 burned 

forest). Bison grazing also reduced grass biomass in grassland and vegetated riparian, however 

these were not significant in post-hoc Tukey comparisons (Figure 23).  
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Figure 23. Change in grass biomass in the 7 different landcover types before (2016) and after 

bison (2017) were brought into the pasture system. Red indicates data collected in control plots 

and blue indicates data collected inside the pasture where bison were contained.  
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post hoc multiple comparisons revealed that the differences are driven by larger declines in 

burned forest (Tukey post-hoc test comparing bison before and after difference in burned forest = 

-7.9%, p =0.01, Figure 24 burned forest, Table 22), shrubland (Tukey post-hoc test comparing 

bison before and after difference in shrubland = -8.0, p =1.1x10-2, Figure 24 shrubland, Table 

20), and winter pasture landcover types (Tukey post-hoc test comparing bison before and after 

difference in winter pasture = -14.1, p =1.3x10-8, Figure 24 winter pasture, Table 22).  

 

Figure 24. Change in forb biomass in the different landcover types before (2016) and after bison 

(2017) were brought into the pasture system. Red indicates data collected in control plots and 

blue indicates data collected inside the pasture where bison were contained. 
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Table 21: Three-way ANOVA results for analysis of Bison bison impact on herbaceous 

biomass in the soft-release pasture system in BNP in 2017. ANOVA tested for interaction of 

three factors: 1) Bison bison versus the control treatments, 2) time before and after, and 3) the 

landcover types. Bold values indicate significance (p<0.05). 

 Df F Statistics and P values 

  Grass biomass Forb biomass 

time 1 F = 62.2 

P = 1.5x10-10 

F = 66.2 

P = 6.0x10-11 

treatment 1 F = 3.5 

P = 0.07 

F = 1.0 

P = 0.3    

landcover 6 F = 7.4 

P = 7.9x10-6 

F = 7.7 

P = 5.4x10-6 

time:treatment             1 F = 5.9 

P = 0.02 

F = 12.2 

P = 9.7x10-4 

time:landcover             6 F = 2.8 

P = 0.02 

F = 3.2 

P = 0.009 

treatment:landcover        6 F = 0.9 

P = 0.5 
F = 3.1 

P = 0.01 

time:treatment:landcover   6 F = 0.2 

P = 1.0 
F = 4.5 

P = 9.5x10-4 

Residual 54   

Adjusted R-squared  0.58 0.67 
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Table 22. Mean differences in biomass (grams) in different landcover types in the soft-release 

pasture system in BNP before (2016) and after (2017) the presence of Bison bison. Mean 

differences were calculated using post-hoc Tukey’s Honestly Significant Difference tests. 

Bold values indicate significance (p<0.05). 

     Grass biomass Forb biomass 

After:Bison-

Before:Bison 

All Landcover 

types 

 

Mean difference -10.3 -6.0 

p-value <5.0x10-7 <5.0x10-7 

After:Bison: 

Landcover type-

Before:Bison : 

Landcover type 

Aspen 
Mean difference -16.1 -3.4 

p-value 0.02 1.0 

Burned Forest 
Mean difference -14.0 -7.9 

p-value 0.03 0.01 

Grassland 
Mean difference -12.5 -2.3 

p-value 0.1 1.0 

Gravel Riparian 
Mean difference -1.7 -1.0   

p-value 1.0 1.0 

Shrubland  
Mean difference -7.3 -8.0 

p-value 0.9 1.1x10-2 

Vegetated 

Riparian 

Mean difference -12.9 -4.7 

p-value 0.08 0.7 

Winter Pasture 
Mean difference -7.9 -14.2 

p-value 0.8 1.3x10-8 

 

 

Forage selection 

The forage selection analysis revealed that bison diets were not consistent with forage 

availability, which led me to reject my null hypothesis 6 (Figure 24). My analysis showed that 

bison preferentially selected grass/sedge (β=1.9 , CI = 1.5-2.4) when grazing and avoided forbs 

(β=0.03 , CI = -0.05-0.1) and shrubs (β=0.2 , CI = 0.05-0.4). The same analysis was completed 

on grass and forb biomass data which revealed the same results. 
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Figure 24: Selection ratios indices comparing diet composition and forage availability (% cover) 

which indicates bison forage selection. Error bars reflect a 95% confidence interval. Values 

above 1 indicate bison selection and values below 1 indicate bison avoidance for the forage class. 
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Discussion 

The results of my analyses revealed that bison dynamically interacted with the landscape 

and impacted vegetation structure and composition through grazing and physical disturbance. 

My before-after-control-impact (BACI) experimental design allowed me to isolate the effect of 

bison, while controlling for important environmental variables, such as drier conditions in the 

second summer. When I examined if bison differentially selected landcover types in the summer 

pasture, I determined that bison strongly selected burned forest and grassland. Analysis of the 

bison diet data revealed that herbaceous vegetation comprised 93% of bison diet. This indicated 

that rather than bison diet being driven predominantly by the availability of vegetation, bison 

were selective at both the landcover, and forage class level.  This strong selectivity for 

herbaceous forage resulted in noticeable impacts to herbaceous vegetation and species, 

particularly in the landcover types they most strongly selected. For example, they had the 

strongest impact on Festuca spp. in grassland and burned forest landcover types, where this grass 

was abundant. There were other impacts, such as increased mortality on Salix spp. in the winter 

pasture, which corresponded to an increase in woody vegetation in bison diet in the winter. 

Overall, my results showed that bison had strong impacts through landcover and forage selection 

in subalpine ecosystems.  

Like many other studies of free-ranging bison, I found that bison showed the strongest 

selectivity for grassland and burned forest landcover types in the summer. Aspen may have been 

selected for however, the aspen landcover type was rare in the pasture and rendered my 95% CI 

very broad. Bison avoided the river, gravel and vegetated riparian and shrubland in the summer 

pasture. The results of my habitat selection analysis both conflict and was supported by other 

studies. Many studies focused on winter habitat selection, and since my research examined 
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summer habitat selection, I did not include these studies for comparison. My results are 

consistent with the studies of plains bison in Henry Mountain and Prince Albert National Park, 

which found that female bison selected aspen, grassland/meadows and grass/shrub mix habitats 

(Ranglack & Toit, 2015; Duschesne, et al., 2010). Ranglack & Toit (2015) also found that female 

bison selected riparian areas in the summer, which were contrary to my findings showing 

avoidance of the river and riparian areas. Other studies indicated that bison showed no 

preference for riparian areas (Duschesne et al., 2010) and they were less likely to graze near 

water (Van Vuran, 2001). Ranglack & Toit (2015) found that female bison preferred burned 

areas in the winter, spring and fall, but not in the summer. A study conducted in Black Hills, 

South Dakota, also found that female bison avoided burned forest landcover types (Keller, 2011), 

contrary to my findings. A study in YNP analyzing bison movement found that travel occurred in 

close proximity to foraging areas and the probability of travel increased in meadows 

(Bruggeman, Garrott, White, Watson & Wallen, 2007). They also found that bison selected for 

landcover types which contain the highest amount of herbaceous biomass which is consistent 

with my results. While the bison in BNP were contained in the soft-release system, I include this 

comparison because it may provide insight into what might influence the bison in BNP when 

they become free-roaming.  

Landcover selection, both in my study and comparing with the literature, was supported 

by the diet results.  My analysis of bison summer diet revealed that grasses/sedges comprised 

92%, forbs represented < 1% and shrubs made up 7%. Studies of bison diet in South Dakota and 

YNP also found that grasses and sedges dominated diet and shrubs and forbs made up a small 

component (Keller, 2011; Meagher 1973). My results were also consistent with studies on plains 

bison in tall-grass prairie ecosystems (Knapp et al., 1999) and on wood bison (Fisher & Gates, 
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2005). Some studies found that sedges were the dominant graminoid present in bison diet (Fisher 

& Gates, 2005; Larter 1984; Meagher 1973), which was not the case for my study. Sedges were 

not abundant in the soft-release pasture system therefore, the low sedge composition in diet 

could be due to limited availability. Fisher & Gates (2005) found that shrubs represented 1.5% of 

diet, whereas Larter (1984) found that shrubs ranged from 18-25% of total diet. Other prominent 

studies that examined plains bison diet (Fortin, Fryxell & Pilote, 2002; Fortin & Andruskiw, 

2003) were excluded from my comparison because these analyses focused on species that were 

not present in the soft-release pasture system, therefore bison diet composition was not 

comparable.  

When examining vegetation response to bison herbivory and physical impact, most of the 

results on habitat selection and diet are supported. Bison grazing had a strong, measurable impact 

on the % cover, species composition and biomass of grasses and forbs. A number of studies 

conducted in tall-grass prairie documented increased forb biomass in response to bison grazing 

(Cid, Detling, Whicker, 1991; Fahnestock & Knapp, 1993; Damhourehey & Hartnett, 1997), 

whereas I saw a consistent decrease in forb cover and biomass. Damhourehey & Hartnett (1997) 

did see some forb species decrease, however this was attributed to non-grazing activities. A 

study conducted on bison in a mountainous environment, found that forbs both increased and 

decreased in response to grazing (Stohlgren et al., 1999). It is possible that I observed a decrease 

in forb cover because the bison were enclosed and grazed the same area intensively. When 

looking at plant responses to grazing, it is difficult to find consistent, directional responses to 

grazing and exclusion of grazing (Stohlgren et al., 1999). I acknowledge, like Ware et al. (2014), 

that transformation at the ecosystem level can take a long time to unfold and may not have been 

observable on the time scale of this study. 
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I detected no impact from bison on overall shrub cover, however bison appeared to 

browse and increase mortality on Salix spp. (willow) which reduced its cover in the pasture. In 

YNP, browsing of willow and aspen (Populus tremuloides) by bison was detected at levels that 

removed the current year’s growth, resulting in an overall decrease in cover. Another study in the 

US Rocky Mountains found that shrub frequency decreased in grazed plots across the entire 

study area, however the results were variable when examining impacts at a finer scale (Stohlgren 

et al., 1999). While I detected impacts to Salix spp., no other shrub species was affected by 

bison. There was interest from Parks Canada if bison would negatively impact Betula glandulosa 

however, my results indicate that it is unlikely that bison will have any negative effect on this 

species. The only ungulate shown to negatively impact Betula glandulosa was caribou (Rangifer 

tarandus) (Crete & Doucet, 1998; Crete, Ouellet, & Lesage, 2001; Henry & Gunn, 1991; 

Manseau, Huot & Crete, 1996). In all instances, this was observed in areas where forage was 

limited or there was intensive grazing pressure due to overpopulation (Crete & Doucet, 1998; 

Henry & Gunn, 1991; Manseau, Huot & Crete, 1996). Even under these conditions, browsing 

pressure by caribou was not sufficient to destroy stands of Betula glandulosa (Crete, Ouellet, & 

Lesage, 2001). 

My results on forage selection are also consistent with studies in a tall-grass prairie 

ecosystem, which found bison avoided forbs and woody species and selected grasses (Knapp et 

al., 1999; Fahnestock & Knapp, 1993). In contrast, a study of bison forage selection in aspen 

forests found that as the summer progressed, bison selection of forbs increased and grasses were 

avoided (Leonard et al., 2017). A study of wood bison diet selection revealed diverse diets, 

attributed largely to relative forage availability (Larter, 1984). It is interesting to note that forage 
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selection of bison in Banff more closely resembled what was observed in tall-grass prairie 

ecosystem.  

Generally, vegetation impacts in response to bison were consistent with bison diet and 

habitat selection, however there were some exceptions. Grass cover decreased most significantly 

in grassland, a strongly selected for landcover types. Grassland and aspen contained the highest 

cover of Festuca spp. which was the dominant grass genera found in bison diet (46.6%). Burned 

forest also contained a high amount of forb cover and biomass and both decreased most 

significantly in this landcover type. Forb biomass also decreased significantly shrubland. In both 

these landcover types, fireweed (Chamerion angustifolium) was the dominant forb species and 

was also the most significantly impacted species of forb in the pasture. Despite the heavy impact 

to forbs, they consisted < 1% of bison diet in the summer. One explanation for the small amount 

of forb in the summer diet is that forbs were less abundant overall in the soft-release pasture. 

Forbs were also likely underestimated in bison diet because they are highly digestible and known 

to be less detectable in microhistological analysis (Larter, 1984; Vavra, Rice & Hansen, 1978; 

Vavra & Holechek, 1980; McInnis, Vavra & Krueger, 1983). Possible under-detection of forbs 

in the diet data, also impacted the forage selection analysis by potentially overestimating bison 

avoidance of forbs. Overall, bison grazing had a strong, measurable impact on the % cover, 

species composition and biomass of herbaceous vegetation. This led me to reject null hypothesis 

3 which predicted that bison will not have a strong measurable impact on herbaceous vegetation. 

In the summer, bison avoided shrubland, vegetated riparian and the winter pasture which 

all contained a significant amount of shrub cover. Bison also avoided gravel riparian which 

contained the least vegetation cover. The forage selection analysis indicated that bison avoided 

shrubs, which supports the habitat selection results. I also predicted that in the winter, bison 
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browsing would have the biggest impact on woody vegetation, when herbaceous biomass was 

less available. In the winter, I detected increased browsing and mortality on Salix spp. which is 

supported by the diet results which showed higher shrub composition in the winter. This led me 

to reject null hypothesis 4 which predicted that bison presence in the winter pasture would not 

result in a difference in the % cover, height browse and mortality of shrub, although only Salix 

spp. was impacted.  

Finally, I examined bison impacts on non-vegetation components of the ecosystem: litter, 

woody vegetation and bare ground. I predicted that the physical impacts of bison would result in 

increased litter, woody debris and bare ground due to wallowing and trampling. I detected no 

statistically significantly change in bare ground, which was unexpected given that bison 

wallowing exposes soil and creates areas which are devoid of vegetation (Knapp et al., 1999). 

Observations of bison behaviour in the pasture however confirmed that bison wallowed, and 

many new wallows formed in the pasture after bison were reintroduced (Figure 25). I did detect 

an increase in litter in the presence of bison. This led me to reject null hypothesis 5 which 

predicted that bison would not impact litter, bare ground and woody debris cover. 
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Figure 25: Photos indicate evidence of bison wallowing behaviour inside the soft-release pasture 

in BNP. Photo (A) shows newly formed wallow inside the soft-release pasture which was created 

by bison. The circle outlines the outer boundary of the wallow. Photo (B) captures a bison 

wallowing. 

There were a few interesting results for vegetation species that emerged during the 

analysis which are worth mentioning. The ANOVA analysis for Koeleria macrantha revealed 

that the time*treatment interaction was statistically significant and Tukey post-hoc comparisons 

showed a minor increase in cover, however it was not statistically significant. Koeleria 

macrantha can increase under intense grazing pressure (Dixon, 2000), therefore it is possible I 

detected a faint increase in response to bison. Another surprising result included the presence of 

Populus tremuloides in winter diet. This species was not present in the winter pasture, which 

could indicate incorrect identification of plant fragments in the microhistological analysis. Bison 

diet analysis also showed that Poa spp. represented 26% of summer bison diet, however Poa spp. 
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cover was <5% across the entire pasture. I believe that I might have made an error in classifying 

grass species, and misidentified Poa spp. for Leymus innovatus 

Limitations and assumptions 

It is important to acknowledge that there are some limitations and assumptions associated 

with my study. When examining vegetation impacts, there was substantial interannual variability 

in weather between 2016 and 2017. 2016 received 24% more rainfall than 2017, which 

experienced near drought conditions. Herbaceous plants appeared to “brown-up” earlier in 2017 

when compared with 2016. The ANOVA analyses on vegetation communities and species often 

revealed that time (2016 vs 2017) had a stronger effect on vegetation communities and species 

than the bison time*treatment interaction.  Spaedtke (2009) showed, for example, that for every 

additional mm of cumulative summer precipitation, herbaceous biomass on the nearby Ya Ha 

Tinda increased by 0.24 grams. The strong relationship between rain and herbaceous biomass is 

known worldwide. Nevertheless, the BACI experimental design allowed me to control for 

interannual variation in rainfall and I was still able to detect bison impact of bison in 2017 

despite the lower rainfall in 2017.  

Another concern is that the GPS data was collected only on female bison, however 

resource selection was extrapolated to the entire herd. In doing so, I assumed that all the bison in 

the herd had similar movement patterns and behaviour. When I analyzed the vegetation data, I 

found that I had limited ability to detect bison impact on vegetation at the species level. It was 

difficult to detect changes for species that were low in abundance (for example, many forb 

species). Data at the species level was also highly variable, making it difficult to understand with 

confidence, how species were impacted. For both these reasons, this study design is likely 

inadequate for detecting bison impacts to rare vegetation species.  
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Finally, it is important to acknowledge that all my findings are reflective of bison 

behaviour in a contained environment. Grazing conditions during this study could be 

characterized as intense, since the bison were enclosed inside a pasture. Findings from my 

research could provide insights into the immediate impacts that bison may have on vegetation 

when recovered to ecologically effective densities (Soulé et al., 2003). Vegetation impacts 

observed in my study are not likely to be the same in the broader reintroduction zone when the 

bison are initially free roaming, especially when the population is small. In particular, the results 

on bison impact to shrubs during the winter may be underestimated because the bison were 

supplementally fed with hay. When the bison free-roam, they will not be fed hay during the 

winter, and it’s possible the woody vegetation could represent a more significant portion of their 

diet. On the other hand, shrubs were the dominant vegetation in the winter pasture and therefore 

highly available as forage for the bison, yet it still was not a significant component of their diet.   

It is also possible that bison preference for the burned forest landcover type was 

overestimated because the bison preferred to bed in the northeast portion of the summer pasture, 

located in the burned forest landcover type. The time spent in this landcover type might be 

associated with activities that are unrelated to bison asserting a preference for specific 

characteristics of a landcover type. While my findings provide insight into summer habitat 

selection, foraging behaviour and potential vegetation impacts, bison may behave differently 

when they are free-roaming. Caution should be used when making any extrapolations or 

predictions for the larger landscape based on my results.  

Conclusion 

One of the key findings from my research which has implications for Parks Canada’s 

expected ecological outcomes for the bison reintroduction project, is that bison are capable of 



EVALUATING IMPACT OF REINTRODUCED BISON IN BNP 117

having strong ecosystem impacts through herbivory and physical impacts in areas where they 

spend intensive amounts of time. This supports their ecological motivations for bison restoration. 

It is important to note that bison impacts to shrubs were minimal and negative impacts 

(decreased cover and increased browsing or mortality) were only detected on Salix spp. Parks 

Canada’s desire for bison to reduce shrub encroachment on meadows might not be realized, 

especially when the population is initially small. Other studies also showed that preferential 

herbivory on herbaceous vegetation can promote woody plant invasion (Burkinshaw & Bork, 

2009), therefore bison have the potential to exacerbate woody plant encroachment in BNP. 

Betula glandulosa was a species which Parks Canada attributed with shrub encroachment in 

BNP and prescribed burned efforts to reduce its cover had variable results (Bork, Smith & 

Willoughby, 1996, DeGroot, Thomas & Wein, 1997). Parks Canada was interested to know if 

bison might reduce Betula glandulosa cover, however it only represented 0.4% of diet in the 

winter, and my analysis detected no impact to this species. Betula glandulosa was abundant in 

the winter pasture (17% cover), and even in confined conditions, bison did not impact this 

species.  

A concern identified in the Detailed Environmental Impact Assessment for bison 

reintroduction was that bison would select riparian habitats and damage these areas or negatively 

affect water quality (Parks Canada, 2016). My results show that bison did not select riparian 

areas and the river was the most strongly avoided area in the pasture. This will likely minimize 

adverse impacts to riparian areas or water quality. I also revisited the analysis that was completed 

by Steenweg et al. (2016) to assess potential habitat and carrying capacity for the reintroduction 

of bison in BNP. Herbaceous, burned grassland, shrub and burned forest were identified as the 

top 4 most suitable landcover types for bison in Banff in the summer by their habitat suitability 
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index (HSI) model based on literature review. My results support the HSI landcover rankings 

because bison selected areas with high herbaceous biomass, burned forest and grasslands. 

However, in the soft-release pasture, the bison avoided shrublands therefore it is possible the HSI 

overestimated bison selection for shrubland. I was unable to evaluate the assumptions used to 

determine the carrying capacity because it focused on bison diet and foraging habits during the 

winter. Although I analysed winter diet data, bison were supplementally fed with hay in the 

winter which likely biased my results for forage selection and shrub impacts. Understanding 

bison diet requirements in the winter when they are free-roaming will help Parks Canada build 

on the work that was done in the habitat suitability analysis (Steenweg et al., 2016) and enhance 

the understanding of bison foraging requirements in the winter. I echo the recommendations 

made by Steenweg et al. (2016) that, soon after free-roaming, bison diet composition and forage 

selection should continue to be monitored so that the appropriate carrying capacity can be 

established. 

Finally, I want to make some recommendations for future research which would enhance 

understanding of bison foraging behaviour and ecosystem impacts. Classifying vegetation data 

according to functional traits such as leaf nitrogen content, foliar toughness or tannin content 

could enhance understanding of forage selection. This could be especially important for 

understanding bison impacts on shrubs, e.g. Betula glandulosa. Functional traits provide insight 

into the ecological history and role of a particular species (Ackerly & Reich, 1999; Cingolani, 

Posse & Collantes, 2005), and these traits may impact ungulate selectivity when grazing 

(Spasojevic et al., 2010). An approach similar to the methods of Cingolani et al. (2005) could be 

used, which classifies and measures plant functional traits of grazed vegetation and calculates 

selectivity by comparison with diet composition. 
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An important consideration of this project is to manage bison movements, therefore, 

confirming that there is sufficient forage and quality habitat inside BNP is important (Parks 

Canada, 2016). It would be beneficial to examine bison selection for more recently burned areas 

because the prescribed burns in the soft-release pasture occurred between 2006-2008. Vegetation 

composition and structure immediately after a fire will likely be very different than what is 

present in areas 9-12 years after the fire occurred. Prescribed burning to enhance bison habitat is 

a strategy Parks Canada is considering for minimizing bison movements to seek high quality 

forage outside of the Park (Parks Canada, 2016). It would be advantageous to understand 

whether or not selectivity changes with more recent burned areas. 

When examining bison impacts on vegetation, the comparison made before and after in 

this study reports results which reflect the combined effect of bison and all environmental 

variables. Analyzing the deviation of the change which occurred inside the pasture (treatment) 

against the change outside the pasture (control) would isolate the impacts of bison. This level of 

analysis was outside the scope of this research, however isolating bison effect on vegetation 

would allow for a more thorough understanding of vegetation response to bison.  

It is admirable that Parks Canada’s goals for the bison reintroduction project focus on the 

restoration of ecological processes and are not solely concerned with the restoration of a species. 

Ecological processes such as large-scale migration and predation by large carnivores no longer 

exists for many wild bison populations (Keller, 2011). BNP has the opportunity to allow a 

population of bison to fulfill their ecological role with minimal management interventions. Soulé 

et al. (2003) asserts that bison are an “interactive species”, meaning that their absence leads to 

significant changes in the ecosystem. It is critical that interactive species reach population 

densities which allows them to maintain ecological functions and processes (Soulé et al., 2003). 
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For this reason, it is important for Parks Canada to engage in monitoring activities which allow 

them to determine what the carrying capacity for bison in BNP should be. The carrying capacity 

should reflect the number of bison that are required to achieve an “ecologically effective density” 

(Soulé et al., 2003). Having too few bison will undermine the ability of bison to fulfill their 

ecological role, however too many bison could undermine ecological integrity. The “ecological 

effective density” for any species is highly context specific (Soulé et al., 2003), which reinforces 

the need to monitor the ecosystem effects of the reintroduced bison in BNP. Detailed vegetation 

monitoring, which not only collects data on forage class but also species composition, is required 

to detect changes in biomass and productivity of vegetation communities. If Parks Canada can 

manage the bison at an ecologically effective density, they will have a thriving population of 

bison that fulfill their ecosystem function and role in BNP and contribute to the conservation of 

the species in North America and globally. 
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Appendix A: Herbaceous biomass models 

Forb models 

Field wet weight to field dry weight  

Equation 

Forb field dry weight = 0.941 + 0.299(forb wet weight) 

 

Residuals: 

Min       1Q    Median       3Q       Max  

-13.117   -0.925   -0.240    0.434    40.138  

 

Coefficients: 

             Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)  0.941279    0.214850    4.381   1.66e-05 *** 

forbWt       0.298534    0.007656   38.991   < 2e-16 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 3.09 on 286 degrees of freedom 

Multiple R-squared:  0.8417, Adjusted R-squared:  0.8411  

F-statistic:  1520 on 1 and 286 DF,  p-value: < 2.2e-16 

 

Figure 26: Linear model relating forb biomass wet weight (grams) to forb field dry weight 

(grams) for biomass collected in the soft-release pasture in BNP in 2016 & 2017.  
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Field dry weight to oven dry weight  

Equation 

Forb oven dry weight = 0.514 + 0.702(forb field dry weight) 

 

Residuals: 

Min        1Q     Median        3Q        Max  

-25.9312   -0.5143   -0.2168    0.5374   10.0151  

 

Coefficients: 

             Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)   0.51429     0.14964    3.437   0.000676 *** 

forbFd       0.70247     0.01587   44.265   < 2e-16 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 2.084 on 286 degrees of freedom 

Multiple R-squared:  0.8726, Adjusted R-squared:  0.8722  

F-statistic:  1959 on 1 and 286 DF,  p-value: < 2.2e-16 

 
Figure 27: Linear model relating forb field dry weight (grams) to forb oven dry weight (grams) 

for biomass collected in the soft-release pasture in BNP in 2016 & 2017.  

 

Disc height calibration models 

 

Equation 

forb weight = exp[-0.994 + 0.055(disc height) + 0.058(forb cover)] – 0.01 
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Residuals: 

 Min       1Q    Median       3Q       Max  

-2.0102  -0.4408   0.1833   0.6342   1.9397  

 

Coefficients: 

              Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)  -0.994113    0.200349   -4.962   3.60e-06 *** 

discheight    0.055253    0.011807    4.680   1.09e-05 *** 

forbcover     0.058197    0.006505    8.947   7.59e-14 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 0.908 on 84 degrees of freedom 

Multiple R-squared:  0.5882, Adjusted R-squared:  0.5784  

F-statistic:    60 on 2 and 84 DF,  p-value: < 2.2e-16 

 

 

Figure 28: Linear model relating natural log of forb biomass dry weight (grams) and disc height 

controlling for forb cover covariates. 95% prediction intervals are shown around the regression 

slope.  
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Grass models 

Field wet weight to field dry weight  

Equation 

Grass field dry weight = 2.492 + 0.431(grass wet weight) 

 

Residuals: 

Min       1Q    Median       3Q       Max  

-14.799   -2.492   -1.171    1.239    34.286  

 

Coefficients: 

             Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)   2.49194     0.40908    6.092    3.6e-09 *** 

grassWt       0.43159     0.01018   42.409   < 2e-16 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 5.213 on 286 degrees of freedom 

Multiple R-squared:  0.8628, Adjusted R-squared:  0.8623  

F-statistic:  1798 on 1 and 286 DF,  p-value: < 2.2e-16 

 

 

Figure 29: Linear model relating forb biomass wet weight (grams) to forb field dry weight 

(grams) for biomass collected in the soft-release pasture in BNP in 2016 & 2017.  
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Field dry weight to oven dry weight  

 

Equation 

Grass oven dry weight = -0.062 + 0.905(grass field dry weight) 

 

Residuals: 

Min        1Q     Median        3Q        Max  

-10.2520   -0.2739    0.0618    0.3210    8.4342  

 

Coefficients: 

              Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)  -0.061818    0.124266   -0.497     0.619     

grassFd       0.905104    0.006282  144.074    <2e-16 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 1.495 on 286 degrees of freedom 

Multiple R-squared:  0.9864, Adjusted R-squared:  0.9864  

F-statistic: 2.076e+04 on 1 and 286 DF,  p-value: < 2.2e-16 

 

Figure 30: Linear model relating forb field dry weight (grams) to forb oven dry weight (grams) 

for biomass collected in the soft-release pasture in BNP in 2016 & 2017.  
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Disc height calibration models 

 

Equation 

Grass weight (grams) = exp [0.034 + 0.068(disc height) + 0.028(grass cover)] – 0.1 

 

Residuals: 

Min       1Q    Median       3Q       Max  

-3.4959  -0.4123   0.3101   0.7119   1.5319  

 

Coefficients: 

             Estimate  Std. Error  t value   Pr(>|t|)     

(Intercept)  0.340877    0.228476    1.492     0.139     

discheight   0.068198    0.013890    4.910   4.43e-06 *** 

grasscover   0.028247    0.005004    5.645   2.18e-07 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 1.028 on 84 degrees of freedom 

Multiple R-squared:  0.4936, Adjusted R-squared:  0.4816  

F-statistic: 40.94 on 2 and 84 DF,  p-value: 3.872e-13 

 

 

Figure 31: Linear model relating natural log of grass biomass dry weight (grams) and disc height 

controlling for forb cover covariates. 95% prediction intervals are shown around the regression 

slope.  
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Appendix B: Resource selection function analyses 

Habitat Selection 

> wiRatio <- widesI(bison.used, bison.avail, avknown=FALSE) 

> wiRatio 

************** Manly's Selection ratios for design I ******** 

Significance of habitat selection: 

Khi2L        df    pvalue  

231.4333    8    <0.00005 

Table 23. Habitat selection model created using Manly’s selection ratio for design I using a 

log-likelihood Chi-square test in the R package adehabitatHS. Resource selection ratio’s (βι) 

for each landcover type (i) were calculated by taking the proportion of used locations (usedi) 

and dividing by the proportion of available locations (availi).   

 used  avail     ββββιιιι SE    ββββιιιι P value ββββιιιι    /(/(/(/(ΣΣΣΣ    ββββ))))  

Aspen   0.005  0.004  1.201  0.726  0.782 0.154 

Burned Forest    0.453  0.215  2.108  0.128  0.000  0.270 

Grassland   0.067  0.042  1.601  0.268  0.025  0.205 

Gravel Riparian 0.040  0.094  0.420  0.067  0.000  0.054 

River 0.002  0.021  0.107  0.065  0.000  0.014 

Shrubland 0.013  0.036  0.354  0.099  0.000  0.045 

Slope 0.020  0.037  0.531  0.127  0.000  0.068 

Vegetated Riparian 0.179  0.222  0.809  0.063  0.003  0.104 

Winter Pasture   0.222  0.329  0.675  0.044  0.000  0.086 
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Bonferroni classement  

Based on 95 % confidence intervals on the differences of Wi : 

                                                                                                                          

habitat               Burned Forest  Grassland  Aspen  Veg Riparian  Winter Pasture  Slope  Gravel Riparian  Shrubland  River  

Burned Forest    ---------------------------------                                                                         

Grassland          -----------------------------------------------                                                           

Aspen                --------------------------------------------------------------------------------------------------------- 

Veg Riparian                           -------------------------------------------------------                                    

Winter Pasture                                         ------------------------------------------------------------------------        

Slope                                                        ------------------------------------------------------------------------------- 

Gravel Riparian                                       -------              ---------------------------------------------------        

Shrubland                                                -------              ---------------------------------------------------------- 

River                                                       -------                              -------                 ------------------ 

 

Forage selection 

Forage selection using diet and percent cover 

 

************** Manly's Selection ratios for design I ******** 
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Significance of habitat selection: 

Khi2L    df        pvalue  

49.35019  2   1.9x10-11  

Table 24. Forage selection model created using Manly’s selection ratio for design I using a log-

likelihood Chi-square test in the R package adehabitatHS. Resource selection ratio’s (βι) for each 

forage class (i) were calculated by taking % composition in diet (usedi) and dividing by the 

availability (% cover) of each forage class (availi). 

 used  avail     ββββιιιι SE β β β βιιιι P value ββββιιιι /( /( /( /(ΣΣΣΣ β β β β))))  

Grass/Sedge 0.923 0.476 1.938 0.238 <0.00005 0.891 

Forb 0.004 0.180 0.025 0.037 <0.00005 0.011 

Shrub 0.073 0.343 0.211 0.083 <0.00005 0.097 

 

Bonferroni classement  

Based on 95 % confidence intervals on the differences of Wi : 

habitat          Grass/Sedge  Shrub  Forb  

Grass/Sedge -------------              

Shrub                              ------------- 

Forb                                ------------- 
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Forage selection using diet and biomass 

************** Manly's Selection ratios for design I ******** 

Significance of habitat selection: 

Khi2L            df        pvalue  

50.79832  1  1.0x10-12  

Table 25. Forage selection model created using Manly’s selection ratio for design I using a log-

likelihood Chi-square test in the R package adehabitatHS. Resource selection ratio’s (βι) for each 

forage class (i) were calculated by taking % composition in diet (usedi) and dividing by the 

available biomass (grams) of each forage class (availi). 

 used  avail     ββββιιιι SE β β β βιιιι P value ββββιιιι /( /( /( /(ΣΣΣΣ β β β β))))  

Grass/Sedge 0.995 0.638 1.559 0.118 <0.00005 0.992 

Forb 0.005 0.362 0.013 0.020 <0.00005 0.008 

 

Bonferroni classement  

Based on 95 % confidence intervals on the differences of Wi: 

habitat            Grass/Sedge  Forb  

Grass/Sedge    -------------       

Forb                                     ------
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Appendix C: Detailed ANOVA Analysis on Vegetation Data 

This appendix contains more detailed analyses of bison impacts on vegetation.  

 

Bromus spp. 

The three-way ANOVA analysis revealed that Bromus spp. cover did not significantly 

change in response to bison or time (time:treatment F 1, 54 = 0.4, p = 0.5). Bromus spp. cover was 

most strongly affected by time, with 0.5% lower cover in year 2, 2017 (time F 1, 54 =6.4, p=0.01), 

however the effects of bison and time did not differ significantly across land cover types 

(time:treatment:land cover, F 6, 54 =0.9, p=0.5). The three-way ANOVA only explained 3% of the 

variation in Bromus spp. cover (adjusted R-squared, Table 11). Tukey post hoc multiple 

comparisons confirmed that there was not a significant change in Bromus spp. cover in different 

land cover types after the bison after they were introduced. Even at the genus level, there is high 

variability in the data which makes it difficult to detect actual changes. 
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Figure 32: Change in percent cover of Bromus spp. in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Koeleria macrantha 

The three-way ANOVA analysis confirmed that post-bison treatment reduced Koeleria 

macrantha cover across all land cover types (time:treatment F1, 54 = 4.3, p=0.04). However, 

further analysis of Tukey post-hoc multiple comparisons revealed that there is not a significant 

difference in Koeleria macrantha when comparing bison before and after (p=1.0) because the 

change in cover occurred in the control plots. The combined effects of bison and time on 

Koeleria macrantha cover did not differ significantly across land cover types 

(time:treatment:land cover, F6, 54 =1.9, p=0.1). The three-way ANOVA explained 14% of the 

variation in Koeleria macrantha cover (adjusted R-squared, Table 11). Additional Tukey post 

hoc multiple comparisons examining change in Koeleria macrantha cover in different land cover 

types revealed that bison did not significantly impact this species. 
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Figure 33: Change in percent cover of Koeleria macrantha in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Chamerion latifolium 

Due to the fact that Chamerion latifolium was only found in the gravel riparian land 

cover type, a two-way ANOVA analysis was completed. The analysis indicated that Chamerion 

latifolium cover did not significantly change in response to bison and time (time:treatment F 1, 8 = 

1.2, p = 0.3). The two-way ANOVA explained 21% of the variation in Chamerion latifolium 

cover (adjusted R-squared, Table 11). 

 

Figure 34: Change in percent cover of Chamerion latifolium in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Hedysarum spp. 

The three-way ANOVA analysis revealed that Hedysarum spp. cover did not 

significantly change in response to bison or time (time:treatment F 1, 54 = 1.4, p = 0.2). 

Hedysarum spp. cover was most strongly affected by time, with 0.6% lower cover in 2017 (time 

F 1, 54 =19.3, p=4.1x10-5). Hedysarum spp. was also strongly affected by land cover types (land 

cover, F 6, 54 = 3.2, p = 0.01). The effects of bison and time on Hedysarum spp. cover did not 

differ significantly across land cover types (time:treatment:land cover, F 6, 54 =1.0, p=0.5). Tukey 

post hoc multiple comparisons indicated that there was a 0.7% decrease in Hedysarum spp. cover 

across all land cover types when comparing bison before and after (p=0.0003). Additional Tukey 

post hoc multiple comparisons examining change in Hedysarum spp. cover in different land 

cover types revealed that bison did not significantly impact Hedysarum spp. The three-way 

ANOVA explained 30% of the variation in Hedysarum spp. cover (adjusted R-squared, Table 

11). Even at the genus level, there is high variability in the data which makes it difficult to detect 

actual changes. 
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Figure 35: Change in percent cover of Hedysarum spp. in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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(time:treatment:land cover, F 6, 54 =0.5, p=0.8). Additional Tukey post hoc multiple comparisons 

examining change in cover in different land cover types revealed that bison did not significantly 

impact Achillea millefolium. The three-way ANOVA explained 10% of the variation in Achillea 

millefolium cover (adjusted R-squared, Table 11). 

 

Figure 36: Change in percent cover of Achillea millefolium in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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virginiana glauca cover was affected by time, with 0.6% lower cover in 2017 (time F 1, 54 =6.4, 

p=4.1x10-5). Fragaria virginiana glauca was most strongly affected by land cover types (land 

cover, F 6, 54 = 18.7, p = 1.26x10-11). The three-way ANOVA explained 58% of the variation in 

Fragaria virginiana glauca cover (adjusted R-squared, Table 11). Tukey post hoc multiple 

comparisons confirmed that there was not a significant change in Fragaria virginiana glauca 

cover in different land cover types after the bison after they were introduced. 

 

Figure 37: Change in percent cover of Fragaria virginiana glauca in the 7 different landcover 

types before (2016) and after bison (2017) were brought into the pasture system. Red indicates 

data collected in control plots and blue indicates data collected inside the pasture where Bison 

bison were contained.  
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Betula glandulosa cover 

The three-way ANOVA analysis revealed that Betula glandulosa cover, did not 

significantly change in response to bison and time (time:treatment F 1, 57 = 0.07, p = 0.8). Betula 

glandulosa cover was most strongly affected by landcover types (landcover F 6, 57 = 7.4, p = 

7x10-6), however the combined effects of bison and time did not differ significantly across 

landcover types (time:treatment:landcover, F 6, 57 = 0.2, p=1.0). The three-way ANOVA 

explained 23% of the variation in Betula glandulosa cover (adjusted R-squared, Table 9). 

Additional Tukey post hoc multiple comparisons examining change in Betula glandulosa cover 

in different landcover types revealed that bison did not have a significant impact. 
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Figure 38: Change in percent cover of Betula glandulosa in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Additional Tukey post hoc multiple comparisons examining change in Potentilla fruticosa cover 

in different landcover types revealed that bison did not have a significant impact.

 

Figure 39: Change in percent cover of Potentilla fruticosa in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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10.2, p = 1.15x10-7), however the combined effects of bison and time did not differ significantly 

across landcover types (time:treatment:landcover, F 6, 54 = 0.1, p=1.0). The three-way ANOVA 

explained 46% of the variation in Sherperdia canadensis cover (adjusted R-squared, Table 13). 

Additional Tukey post hoc multiple comparisons examining change in Sherperdia canadensis 

cover in different landcover types revealed that bison did not have a significant impact. 

 

 

Figure 40: Change in percent cover of Sherperdia canadensis in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Populus tremuloides cover 

Due to the fact that Populus tremuloides was primarily found in the aspen landcover type, 

a two-way ANOVA analysis was completed. The analysis indicated that Populus tremuloides 

cover did not significantly change in response to bison and time (time:treatment F 1, 9 = 1.2, p = 

0.3).  Populus tremuloides cover was generally lower in 2017 (time F 1, 9 = 7.3, p = 0.02). The 

two-way ANOVA explained 32% of the variation in Populus tremuloides cover (adjusted R-

squared, Table 13). 

 

Figure 41: Change in percent cover of Populus tremuloides in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Betula glandulosa height 

The three-way ANOVA analysis revealed that post-bison treatment did not significantly 

impact Betula glandulosa height (time:treatment F 1, 34 = 0.007, p = 0.9). Betula glandulosa 

height was generally lower in 2017 (time F 1, 34 =4.4, p=0.04), and the combined effects of bison 

and time did differ across landcover types (time:treatment:landcover, F 4, 34 =2.9, p=0.04). 

Additional Tukey post hoc multiple comparisons examining change in Betula glandulosa height 

in different landcover types however revealed that bison did not have a significant impact. The 

three-way ANOVA explained 70% of the variation in Betula glandulosa height (adjusted R-

squared, Table 15). 
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Figure 42: Change in Betula glandulosa height in the 7 different landcover types before (2016) 

and after bison (2017) were brought into the pasture system. Red indicates data collected in 

control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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(time:treatment:landcover, F 5, 44 =0.5, p=0.7). The three-way ANOVA explained 35% of the 

variation in Potentilla fruticosa cover (adjusted R-squared, Table 13). Additional Tukey post hoc 

multiple comparisons examining change in Potentilla fruticosa height in different landcover 

types however revealed that bison did not have a significant impact. 

 

Figure 43: Change in Potentilla fruticosa height in the 7 different landcover types before (2016) 

and after bison (2017) were brought into the pasture system. Red indicates data collected in 

control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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combined effects of bison and time on Sherperdia canadensis height did not differ significantly 

across landcover types (time:treatment:landcover, F 1, 54 = 0.5, p=0.8). The three-way ANOVA 

explained 37% of the variation in Sherperdia canadensis height (adjusted R-squared, Table 15). 

Additional Tukey post hoc multiple comparisons examining change in Sherperdia canadensis 

height in different landcover types revealed that bison did not have a significant impact. 

 

Figure 44: Change in Sherperdia canadensis height in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Populus tremuloides height 

Due to the fact that Populus tremuloides was primarily found in the aspen landcover type, 

a two-way ANOVA analysis was completed. The analysis indicated that Populus tremuloides 

cover did not significantly change in response to bison and time (time:treatment F 1, 9 = 0.6, p = 

0.5).  The two-way ANOVA explained -22% of the variation in Populus tremuloides cover 

(adjusted R-squared, Table 13). 

 

Figure 45: Change in Populus tremuloides height in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Betula glandulosa browse 

The three-way ANOVA analysis revealed no evidence that bison browsed on Betula 

glandulosa (time:treatment F 1, 34 = 0.8, p = 0.4). When looking at the combined effects of bison 

and time across landcover types there is still no evidence of bison browsing on Betula 

glandulosa (time:treatment:landcover, F 4, 34 = 0.1, p=1.0). The three-way ANOVA explained -

26 % of the variation in Betula glandulosa browsing (adjusted R-squared, Table 17) indicating a 

high level of variability in the data.  

 

Figure 46: Change in Betula glandulosa browse (%) in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Potentilla fruticosa browse 

The three-way ANOVA analysis revealed no evidence that bison browsed on Potentilla 

fruticosa (time:treatment F 1, 44 = 0.5, p = 0.5). When looking at the combined effects of bison 

and time across landcover types there is still no evidence of bison browsing on Potentilla 

fruticosa (time:treatment:landcover, F 4, 34 = 0.002, p=1.0). The three-way ANOVA explained -

6% of the variation in Potentilla fruticosa browsing (adjusted R-squared, Table 17) indicating a 

high level of variability in the data.  

 

Figure 47: Change in Potentilla fruticosa browse (%) in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Sherperdia canadensis browse 

The three-way ANOVA analysis revealed no evidence that bison browsed on Sherperdia 

canadensis (time:treatment F 1, 44 = 0.4, p = 0.5). When looking at the combined effects of bison 

and time across landcover types there is still no evidence of bison browsing on Sherperdia 

canadensis (time:treatment:landcover, F 4, 34 = 0.0, p=1.0). The three-way ANOVA explained 6 

% of the variation in Sherperdia canadensis browsing (adjusted R-squared, Table 17) indicating 

a high level of variability in the data.  

 

Figure 48: Change in Sherperdia canadensis browse (%) in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  
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Populus tremuloides browse 

Due to the fact that Populus tremuloides was primarily found in the aspen landcover type, 

a two-way ANOVA analysis was completed. The analysis indicated that Populus tremuloides 

cover did not significantly change in response to bison and time (time:treatment F 1, 9 = 1.0, p = 

0.4).  The two-way ANOVA explained 10% of the variation in Populus tremuloides cover 

(adjusted R-squared, Table 15). 

 

Figure 49: Change in Populus tremuloides browse (%) in the 7 different landcover types before 

(2016) and after bison (2017) were brought into the pasture system. Red indicates data collected 

in control plots and blue indicates data collected inside the pasture where Bison bison were 

contained.  
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Betula glandulosa mortality 

The three-way ANOVA analysis revealed no evidence that bison increased mortality of 

Betula glandulosa (time:treatment F 1, 34 = 0.8, p = 0.4). When looking at the combined effects of 

bison and time across landcover types there is still no evidence of bison impacting mortality of 

Betula glandulosa (time:treatment:landcover, F 4, 34 = 0.8, p=0.5). The three-way ANOVA 

explained -9 % of the variation in Betula glandulosa mortality (adjusted R-squared, Table 17) 

indicating a high level of variability in the data.  
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Figure 50: Change in Betula glandulosa mortality (% dead) in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  

Potentilla fruticosa mortality 

The three-way ANOVA analysis revealed no evidence that bison increased mortality of 

Potentilla fruticosa (time:treatment F 1, 44 = 0.7, p = 0.4). When looking at the combined effects 

of bison and time across landcover types there is still no evidence of bison impacting mortality of 

Potentilla fruticosa (time:treatment:landcover, F 5, 44 = 1.5, p=0.4). The three-way ANOVA 

explained 15% of the variation in Potentilla fruticosa mortality (adjusted R-squared, Table 17) 

indicating a high level of variability in the data.  
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Figure 51: Change in Potentilla fruticosa mortality (% dead) in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained.  

Sherperdia canadensis mortality 

No significant impacts detected. 
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Figure 52: Change in Sherperdia canadensis mortality (% dead) in the 7 different landcover 

types before (2016) and after bison (2017) were brought into the pasture system. Red indicates 

data collected in control plots and blue indicates data collected inside the pasture where Bison 

bison were contained.  

Populus tremuloides mortality 

Due to the fact that Populus tremuloides was primarily found in the aspen landcover type, 

a two-way ANOVA analysis was completed. The analysis indicated that Populus tremuloides 

cover did not significantly change in response to bison and time (time:treatment F 1, 9 = 1.8, p = 

0.2).  The two-way ANOVA explained 19% of the variation in Populus tremuloides cover 

(adjusted R-squared, Table 17). 
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Figure 53: Change in Populus tremuloides mortality (% dead) in the 7 different landcover types 

before (2016) and after bison (2017) were brought into the pasture system. Red indicates data 

collected in control plots and blue indicates data collected inside the pasture where Bison bison 

were contained. 
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