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ABSTRACT 

The American bison (Bison bison, hereafter referred to as bison) was rapidly extirpated in 

North America during the 19th century. The ecological impact of removing and replacing bison, a 

large native herbivore, with non-native livestock remains uncertain across their historical range. 

The ecological impacts of bison rewilding have not been well studied in Northern Great Plains 

mixed grass prairies. Therefore, to assess the effects of bison behaviors on plants and soils, 

namely grazing and wallowing, I surveyed plant communities and collected soil samples during 

the 2023, 2024, and 2025 growing seasons in northeastern Montana prairies. I investigated the 

effects of bison grazing on plant community composition and aboveground biomass due to 

selective grazing pressures. I hypothesized that bison wallowing behaviors will alter plant 

biodiversity and species richness along a spatial and temporal disturbance gradient aligning with 

the Intermediate Disturbance Hypothesis (IDH). Additionally, I hypothesized that the effects of 

bison grazing on plant communities would increase plant diversity and species richness in areas 

with greater grazing activity. Physical and chemical soil properties were further expected to be 

altered along a disturbance gradient due to trampling and urine/feces deposition at the wallow 

site. Results indicate that the intensity of bison use was a strong driver of plant community 

composition or aboveground biomass, but only in areas of recent (<1 year) reintroduction. 

Although bison wallowing effects were strongest at the wallow’s center, the effect decreased 

farther away from the wallow’s center. Time within the plant growing season was found to be a 

stronger driver of plant biodiversity and species richness than wallowing disturbance effects. 

Physical soil properties, such as bulk density, were dependent upon the location within the 

wallow, indicating a disturbance effect. Achieving restoration objectives through bison rewilding 

is dependent on ecosystem traits and local management practices. Policy decisions influence the 

implementation of rewilding bison in North America.  
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CHAPTER ONE 

CULTURAL CONTEXT 

The management of the American bison (Bison bison, hereafter referred to as bison) in 

the United States of America (USA) has evolved over centuries, reflecting shifts in ownership 

and ideologies. Indigenous cultures hold the bison, referred to as buffalo, Tatanka, and Iinnii, as 

spiritual beings in relation to and with them (Buffalo Treaty Nations, 2014). Treaties between the 

USA and Indigenous Nations during periods of early settler colonialism indirectly transitioned 

natural resource management rights alongside the direct loss of land to colonial settlers. The 

result of transitioning management ideologies, through intentionally undermining Indigenous 

people and their ways of living, meant that bison were owned by everyone and regulated by no 

one (Flores, 2016).  

Bison, like other wildlife in North America, were exploited during European 

colonization, leading to their near extinction across their historical range (Flores, 2019). 

Expanding railroads across the West were further detrimental to bison populations, as they 

provided fur and hide market hunters with easier access to large herds; production of one hide for 

the market required as many as four bison hides, promoting wasteful hunting practices (Lueck et 

al., 2002). Bison in Southwestern USA were extirpated first, coinciding with the development of 

railroad routes. It took only three years for thousands of hide hunters to go bankrupt on the 

Northern Great Plains after no bison could be found in the early fall of 1883. By 1902, 23 

individuals remained in Yellowstone National Park following large-scale poaching campaigns, 

with those individuals protected by the US Army (Lueck et al., 2002). National news coverage of 
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bison poaching led to the passage of the Lacey Act of 1894, providing federal protection to birds 

and animals in Yellowstone National Park (18 U.S.C. 42).  

Although bison today have rebounded from their lowest population of <1000 to ~400,000 

individuals, primarily in private production herds, remaining bison contend with genetic 

bottlenecks, habitat destruction, especially the conversion of native grasslands to plowed 

farmland, resulting in difficulties for rewilding efforts (Cherry et al., 2019). Across North 

America, with the potential exception of plains bison in Yellowstone National Park and wood 

bison in Wood Buffalo National Park, bison remain functionally extinct as large-scale 

movements were disrupted with the end of the open range. The end of this era officially marked 

by the passage of the 1935 Taylor Grazing Act  with barbed wire fencing and regulated grazing 

permits on public land (Geremia et al., 2025; 43 U.S.C. 8A; Skaggs et al., 2011). Distinct fenced-

off herds in a combination of government-established refuges and private property built the 

framework of bison reintroduction in the United States.  

The Iron Triangle 

Current discussions of bison rewilding and management can be viewed through the 

perspective of the iron triangle (Figure 1), composed of the three sides of 1) supporters of bison 

reintroduction, 2) oppenents against bison reintroduction, and 3) regulators governing bison 

management.  

Advocates of bison reintroduction, forming the first side of the iron triangle, promote 

long-term conservation objectives, such as restoring the species to its native historical range. 

North America’s Great Plains co-evolved with large herbivores, including bison, to promote 

grass dominance (Knapp et al., 1999). The premise of reintroduction is to preserve global  
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Figure 1. Iron triangle with each branch and associated groups. 

biodiversity through an ecological restoration strategy known as rewilding (Pettorelli & Bullock, 

2023). Rewilding uses species introductions to restore ecological interactions and promote self-

regulating biodiverse ecosystems (Svenning et al., 2016). Rewilding seeks to restore ecological 

functioning, whereas restoration seeks to promote species diversity (Corlett, 2025). Progress in 

these rewilding conservation goals through management plans, policies, and cultural change has 

been made, notably in the last few decades. Indigenous Nations have spearheaded this movement 

with the Intertribal Buffalo Council, the 2014 Buffalo Treaty, and financial investments for 

conservation through Bison Bonds. At the same time, private entities such as the American 

Prairie (AP) in central Montana have also focused on rewilding bison to the Great Plains, 

primarily via the acquisition of land and subsequential reintroductions. The monumental effort to 

restore bison to the Great Plains involves sustaining partnerships and resources, but ideological 

opposition is inevitable; therefore, a critical examination of criticisms is warranted.  
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The second side of the iron triangle involves those opposing bison reintroduction entirely 

or advocating for extensive limitations to reintroduction efforts. Oftentimes, the largest critics of 

bison reintroduction are agricultural interest groups, citing concerns over competition for 

rangeland resources and disease transmission to other livestock (Nekorchuk et al., 2019; 

Ranglack et al., 2015). Disagreements between those against and those in favor of bison 

reintroduction often culminate in grassroots advocacy, litigation, and lobbying efforts.  

In the region where I conducted my research, AP proposed changes to 18 grazing 

allotments tied to properties owned by AP in central Montana, which the Malta, Montana Bureau 

of Land Management (BLM) office granted in 2017. The requests include changing the class of 

livestock from cattle to bison, allowing for season-long grazing, fortifying existing boundary 

fences by replacing the second strand from the top with electrified wire, and removing interior 

fencing (BLM, Malta Field Office, 2022). The Malta BLM Office granted the proposed changes 

to AP’s grazing allotments; however, those in opposition deemed the decision as the BLM 

overstepping its authority and having flawed methodology in granting changes to AP’s permit 

(Montana Department of Justice, 2023). Montana Attorney General Austin Knudsen appealed to 

the federal appeals board to overturn the BLM 2022 Notice of Final Decision, granting AP a 

general permit to graze on the allotments. He stated that the decision violates several federal 

laws, including the Taylor Grazing Act, the Federal Land Policy and Management Act, the Public 

Rangelands Improvement Act, the National Environmental Policy Act (NEPA), and the 

Administrative Procedures Act. In the end, the Malta BLM office was found to comply with 

NEPA by the US Department of the Interior in a notice of final decision, delivering a win to AP 

(Interior Board of Land Appeals, 2024). 
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The final side in the iron triangle is regulatory and enforcement groups, holding 

substantial power in the rewilding discussion. The regulatory and enforcement groups are a 

collection of different government agencies and branches, including the BLM, the Department of 

the Interior, and elected officials. In 2019, the state of Montana developed a Bison Management 

Plan, which considered the possible environmental impacts of various management choices. In 

recognition of the bison’s large historical range, the Trilateral Committee wrote a Letter of Intent, 

committing to the conservation of bison across North America (U.S. Fish and Wildlife Service, 

2024). The public’s increasing interest in bison conservation is driving public policy and 

management plans. For instance, bison management in Yellowstone National Park has been 

brought to the national public debate since their well-being is held in the public trust. Extensive 

legal protection is offered to “wild bison”, such as those within Yellowstone’s National Park 

boundaries, yet as those same bison migrate outside of the Park’s boundary, their legal definition 

changes to “livestock” along with protection status. As bison migrate outside of the park 

boundaries, they are at risk of being legally killed, causing public uproar (McMillion, 1996). 

Events like these challenge regulatory groups on the implications of legal language and public 

policy. In this context, understanding effects of bison herds on the landscape can improve 

management plans and inform decisions regarding if, where, and how to implement bison 

reintroductions. 

Research Premise 

The reintroduction of the American bison population and the rewilding movement aid in 

the species conservation recovery, but opposition to rewilding in the Northern Great Plains 

(NGP) is prevalent. Identifying ecological implications of bison rewilding in the NGP helps to 
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clarify uncertainty surrounding policy and management decisions. Previous bison research has 

focused on tallgrass prairie ecosystems, which may respond differently than other grassland 

types, such as the northern mixed-grass prairie ecosystem in my study area. These two prairie 

types drastically differ in plant community composition, climate, soils, and fire regimes. Bison 

are posited to be keystone species in tallgrass prairies, as their diet is relatively high in grass 

species; they alter plant communities by increasing forb abundance, diversity, and plant species 

richness (Knapp et al., 1999; Ratajczak et al., 2022). In northern mixed-grass prairies, bison were 

found to partially increase plant diversity >10 years after reintroduction (McMillian et al., 2019). 

Due to the bison’s rapid extirpation from the landscape, there is a lack of knowledge about 

whether bison fulfill the role of a keystone species in the NGP. 
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CHAPTER TWO 

RESEARCH 

Introduction 

In the early 1800s, Lewis and Clark documented countless herds of American bison, 

grazing and migrating across North America’s Great Plains. However, westward colonial 

expansion during the 19th century led to overharvesting for hides, shooting bison from railroads, 

farmland conversion, the introduction of non-native livestock, and explicit undermining of 

Indigenous ways of life motivated and led to this symbolic American mammal’s decline. Bison 

population estimates for the Great Plains before European contact varied from 20-50 million 

individuals, yet by the late 19th century, only ~1,000 individuals remained between wild and 

private herds (Lueck et al., 2002). Today, conservation efforts, including breeding programs and 

reintroduction assistance, have resulted in an increasing bison population of ~400,000 

individuals across North America (Geremia et al., 2025). The limited spatial and temporal scope 

of reintroduction efforts fails to mimic historic patterns, with the average herd size being only 

175 individuals (Geremia et al., 2025). Reintroducing bison can increase habitat heterogeneity 

that maintains important native plant and animal populations. This includes altering plant 

community structure (Koerner, 2018), small mammal diversity (Burke et al., 2020), bird 

diversity, cervid occupancy (Boyce et al., 2022), dung beetle abundance (Barber et al., 2019), 

and arthropod abundance and diversity (Joren, 2005; Nickell et al., 2018). Bison can engineer 

their environment via herbivory, relocating nutrients in dung and urine, and disturbance 
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behaviors like trampling and wallowing. Here, I will focus on how two bison behaviors – grazing 

and wallowing – shape grassland vegetation and soils. 

Grassland biomes cover up to 40% of Earth’s land surface and were shaped by large 

herbivore assemblages (Stromberg, 2011). Large herbivores graze in non-uniform patterns across 

space and time, increasing ecosystem heterogeneity and amplifying plant-herbivore feedback 

mechanisms (Pringle et al., 2023; Trepel et al., 2024). Migratory bison herds increase the 

availability of inorganic soil nitrogen, converting it to crude protein, which in turn increases the 

soil nutrient content (Day & Detling et al., 1990; Geremia et al., 2025). Additionally, migratory 

bison alter plant phenology by stimulating plant growth and delaying plant maturation (Geremia 

et al., 2019). Riparian vegetation benefits from the lack of time bison spend grazing in riparian 

areas, allowing the plant community to rebound (Ranglack et al., 2015; Yu et al., 2023). Bison 

diets are composed predominantly of graminoids, yet in optimizing protein intake, seasonal diet 

shifts take advantage of phenological differences in grasses, legumes, and non-leguminous forbs 

(Craine et al., 2021; Hecker, 2021; Steuter et al., 1995; Plumb et al., 1993). Pyric herbivory, in 

which herbivores preferentially graze the regrowth in recently burned areas, is another modality 

in which bison and fire modulate ecosystem heterogeneity (Knapp et al., 1999; Blackburn et al., 

2020; O’Keefe et al., 2017). While it is known that bison grazing alters landscape heterogeneity 

and that the process is facilitated through various feedback mechanisms, it remains uncertain 

how bison grazing uniquely influences plant community composition and aboveground 

productivity in northern mixed-grass prairie ecosystems. In alignment with previous research 

results, I hypothesize that bison use intensity directly mediates plant community species richness, 

biodiversity, and aboveground productivity in northern mixed-grass prairies. 
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Bison, like other large herbivores, also wallow (McMillian et al., 2000). Wallowing 

consists of many behaviors, mainly bison lying down and rolling on their sides repeatedly, 

creating a depression in the ground, clearing vegetation, and loosening soil (Figure 2). Theories 

behind this behavior include social communication, bathing by repelling sweat, and insect 

repellent—the frequency of wallowing peaks in mid-summer when mosquito and biting fly 

populations are at their highest (McMillian et al., 2000). Bison disperse plant seeds through shed 

hair clumps, aided by wallowing (Constible et al., 2005). Yu et al (2021) found half as much 

perennial species abundance within and at the edge of the wallow compared to the surrounding 

prairies. The greatest difference in perennial species abundance between the wallow and prairie 

occurred between eight and fifteen years, and the least difference in hydrophyte richness 

occurred at two years (Yu et al., 2021). As above-ground plant communities exhibit feedback 

with below-ground soil relationships (Bardgett et al., 1998), we predict large effects on soil 

properties due to bison wallowing behavior.  

 

Figure 2. Wallow sampling site with transect tape laid out. Note the disturbance created by 

wallowing with the bare ground and loose soil. 



15 

 

While bison behaviors are expected to alter plant communities and soil properties, the role of 

bison as a keystone species has yet to be extensively evaluated in North America’s Northern 

Great Plains. Therefore, the goal of my research is to understand how bison grazing and 

wallowing impact plant communities in the northern mixed-grass prairie ecosystem. I asked four 

questions: Q1) How does plant composition and aboveground biomass vary across a gradient of 

bison use intensity? Q2) If plant composition and aboveground biomass vary across a gradient of 

bison use intensity, is this the result of bison attraction to particular plant communities or an 

effect of bison altering plant communities? Q3) How does bison wallowing behavior impact 

plant biodiversity and richness? and Q4) How does bison wallowing behavior impact physical 

soil properties? I hypothesized bison grazing and wallowing would alter plant communities and 

soil properties (Table 1). 
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Table 1. Research questions hypotheses, and predictions. 
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Methods 

Study Area Description 

The study region is located within the northeastern Montana (Figure 3). I specifically 

focused on the Glaciated Interior Plains, characterized by three distinct geological events: the 

deposition of sedimentary rocks in a shallow inland sea during the Late Cretaceous, the 

formation of the Little Rocky Mountains from the igneous volcanic rock during the early 

Paleogene, and the numerous Ice Age glaciations during the Pleistocene (Charboneau et al., 

2013). The geological history forms a mosaic of topography ranging from flat to rolling hills to 

steep bluffs, forming the foundation for sagebrush steppe and northern mixed-grass prairie 

ecosystems. Underneath these plant communities, weakly weathered entisol soils and vertisol 

soils rich in clay consistently shrink and swell with fluctuations in moisture content (Soil Survey 

Staff NRCS USDA, 2025). Native plant species characteristic to this region includes Wyoming 

sagebrush (Artemisia tridentata wyomingensis), greasewood (Sarcobatus vermiculats), Western 

wheatgrass (Elymus smithii), and the prickly pear cactus (Opuntia polyacantha). The semi-arid 

region in 2024 had a mean annual temperature of 7.9C and a mean annual precipitation of 333.9 

mm (NOAA, 2024). 

My research was conducted on land deeded (owned by) and leased to (from the BLM) 

AP. AP is a private organization, with a mission to build the largest nature reserve of 14,164 km2 

in the conterminous United States (American Prairie, n.d.). As of 2024, the total reserve size 

covers 2,133 km2, divided into 569 km2 of acquired deeded land and 1,564 km2 of leased public 

land. Rewilding bison is central to AP’s conservation goals; they have conducted bison 

reintroductions in northeastern Montana since 2005 and manage ~800 bison as of 2024. 
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Reintroduction has occurred in distinct stages coinciding with years of land acquisition and 

interior fence removal: 2005, 2009, 2010, 2011, 2012, 2013, 2014, and 2023. Bison management 

involves a combination of year-round continuous and rotational grazing practices among two 

distinct herds: the Sun Prairie Unit (SPU) and the White Rock Unit (WRU).  

 

Figure 3. State of Montana map indicating study area (star) in which SPU and WRU are located. 

Sampling Design 

 I sampled grasslands at AP for this research during the growing seasons of 2023, 2024, 

and 2025. In 2023, collection efforts focused on bison use intensity and plant community 

composition surveys at 40 sites across SPU and WRU. To select sites, QGIS was used to overlay 

each pasture with a grid of 500 m x 500 m squares and randomly select plots within the grid 

(QGIS Development Team, 2024). Sampling occurred in four distinct periods in May, June, July, 

and August, during which each site was sampled once in every period. In 2024 and 2025, 

collection efforts focused on resampling 25 wallows (Yu et al., 2021) and opportunistically 

sampling 10 newly located wallows across SPU and WRU. Sampling occurred in three distinct 

periods in June, July, and August, during which each wallow site was sampled once every period.  

 Montana State University Ph.D. student Claire Bresnan (co-advised by Drs. Hila Shamon 

and Scott Creel), collected and calculated estimates of bison use intensity for each site from 
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movement data collected from Ceres solar-powered GPS ear tags. Ear tags were programmed to 

send locations through the GlobalStar Satellite Network every four or six hours. The ear tags 

were deployed while bison were handled as part of routine disease testing and management 

practices by AP staff. Bison handling and ear tag deployment procedures were conducted with 

prior institutional animal and use committee (IACUC) approval from the Smithsonian Institution 

(protocol #19-01) and Montana State University (protocol #2021-176) IACUC committees. 

In addition to data on bison use intensity within each of the 40 sites that were each 500 m 

x 500 m, a smaller 60 m x 60 m square sharing the same center point served as the vegetation 

sampling location. Originating from the site’s center point, an eastward 41-m transect consisted 

of 1 m x 1 m quadrats spaced every 10 m (Figure 4). Plant species composition was visually 

estimated in every quadrat. Plant species in the quadrat were identified along with four other 

cover categories: lichen/moss, litter, rock, and bare ground. Cover composition was assessed on a 

categorical scale: 1: <1%, 2: 1-<5%, 3: 5-<20%, 4: 20-<40%, 5: 40-<60%, 6: 60-<80%, 7: 80-

<95%, 8: 95-<99%, 9: >99%. Above-ground plant biomass was estimated using a pasture meter. 

Pasture meter measurements ran parallel to each vegetation transect, in which 25 estimates were 

collected every 2 m along a 48-m transect positioned 15-m south of the center point. 

 My 2024 and 2025 wallow data collection is an extension of preliminary wallow data 

collected by former Clemson University M.S. student, Sze Wing Yu (advised by Dr. David 

Jachowski), in 2019 and 2020. The resampled 25 wallow sites were originally opportunistically 

sampled with an even distribution across reintroduction year. An additional 10 wallow sites were 

opportunistically sampled in the WRU, where bison reintroduction occurred in 2023. The center 

of each wallow served as the center point of each site, where two perpendicular 20-m transects 
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intersected, creating four bearing directions (Figure 4). The resampled sites used the original 

randomly given bearing direction, while new sites established the first bearing at true north. 

Along the two transects, 25 20 cm x 50 cm Daubenmire frames were placed every 3.3 m away 

from the center point in each bearing direction. Each bearing direction represents a standardized 

disturbance gradient from “high disturbance” at the wallow’s center (0 m), “moderate 

disturbance” at the wallow’s edge (3.3 m), and “low disturbance” in the adjacent prairie (19.8 

m). Plant species composition was visually estimated as percentage cover in every quadrat to the 

nearest percentage. Plants were identified to species along with four other cover categories: 

lichen/moss, litter, rock, and bare ground.  

 In addition to assessing plant community composition at wallows, soil property data were 

collected at each site. Using a HydraGo hydrometer, soil moisture data were collected at every 

quadrat during each sampling period to 6-cm depth, except June 2025, due to equipment 

difficulties. In June of 2024 and 2025, soil core samples were taken at each site. Along the third 

bearing, three individual soil core samples were taken at the wallow’s center, the wallow’s edge, 

and the adjacent prairie. The soil ring diameter was 7.5 cm, placed at a depth of 10 cm, 

producing soil samples with a volume of 441.8 cm3. Soil mass (g) was recorded, and then 

samples were dried in a drying oven for 72 hours and reweighed. Soil bulk density was 

calculated by dividing the dry mass (g) by the soil sample volume. Soil samples were then sent to 

the Oklahoma State University Soil Testing Lab, which analyzed soil pH, buffer index, P, K, S, 

Ca, Mg, and Na quantities.  
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Figure 4. Diagram of 2023 grazing sampling methods (above). Diagram of 2024 and 2025 

wallow vegetation and soil sampling methods (below). 
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Plant and Soil Statistical Analysis 

All analyses were conducted in R (RStudio Team, 2024) and R packages used included 

vegan (Oksanen et al., 2024), lme4 (Bates et al., 2024), readr (Wickham et al., 2024), tidyverse 

(Wickham et al., 2019), lemrTest (Kuznetsova et al., 2017), and data.table (Dowle & Srinivasan, 

2024). 

Question 1 asked “How does plant composition and aboveground biomass vary across a 

gradient of bison use intensity?”. I used linear mixed models to examine the responses of 

Shannon’s diversity, plant species richness, percent native cover, percent native species, and 

aboveground plant biomass to bison use intensity within the past year and month at two spatial 

scales. To account for repeated sampling within a given site, site was treated as a random effect 

in all linear mixed models. To examine the effects of bison grazing intensity on plant community 

composition, I conducted four Redundancy Analyses (RDAs) using the matrix of plant 

composition as the response, and drivers of bison grazing use intensity (with the four models 

using the four measure of this, i.e. intensity of grazing at 60 m2 and 500 m2 crossed by grazing 

over the prior month and grazing intensity over the prior year), a second degree polynomial 

effect of Julian date to account for seasonality, and site identity nested in property to account for 

property effects and repeated sampling within sites. For simplicity, plots depict only effects of 

indices of bison grazing use intensity and linear effects of Julian date. 

Question 2 asked “If plant composition and aboveground biomass vary across a gradient 

of bison use intensity, is this the result of bison attraction to particular plant communities or an 

effect of bison altering plant communities?”. To answer this question, I examined differences in 

the models described above as conducted for Question 1 for sites where bison had a longer 

legacy of reintroduction (meaning they may have altered the plant community through their 
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effects) and in sites where bison were reintroduced that growing season (meaning higher 

intensities of site use likely reflect attraction to specific plant communities rather than bison 

effects). 

Question 3 asked “How does bison wallowing behavior impact plant biodiversity and 

richness in the Northern Great Plains?”. To address this question, I used linear mixed models in 

which plant species richness, Shannon’s Diversity Index, Simpson’s Diversity Index, and 

Shannon’s Evenness of plant communities were the response variables, while driver variables 

included both the fixed and interactive effects of distance from center of bison wallows and 

sampling month. Each response variable dataset was summarized by the mean and standard 

error, grouping by year, month, and distance from the wallow’s center point. In these models, I 

included a random effect for site identity to account for clustered quadrat data within a wallow 

sampling site and repeated sampling. 

Question 4 asked “How does bison wallowing behavior impact physical soil properties in 

the Northern Great Plains?”. To address this question, I used linear mixed models in which soil 

bulk density was the response variable, driver variables included both the fixed and interactive 

effects of distance from center and month, and site identity was included as a random variable. 

Each response variable dataset was summarized by the mean and standard error, grouping by 

year, month, and distance from the wallow’s center point. In these models, I included a random 

effect for site identity to account for clustered quadrat data within a wallow sampling site and 

repeated sampling. 
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Results 

Bison Grazing Behavior 

 Question 1: Given the original predictions (Table 1) H1a was not supported, with a 

gradient of bison use not found to affect Shannon’s diversity or species richness, H1b was not 

supported with a gradient of bison use having no effect on percent grass or native plant cover, 

and H1c was not well supported with no overall gradient effects of bison use on plant biomass. 

Examining the index of bison use for the previous month and at the 500 m2 scale, there was a 

weak negative trend (P = 0.075) for a negative effect of bison use on plant biomass. Finally, H1d 

was not well supported with no overall gradient effects of bison use on plant composition. When 

examining the index of bison use for the previous month at the 60-m2 scale, there was a weak 

effect (P = 0.078) of bison use on plant composition.  

Question 2: The lack of support for H1a and H1b suggests no overall bison use gradient 

effect on Shannon’s diversity, species richness, percentage grass, or percentage native plants. 

However, while still weak, effect sizes of bison use intensity for all four responses were higher 

and with positive estimates for sites bison had been reintroduced to within the last year, 

compared to sites with a longer legacy of bison reintroduction. Effect sizes of bison use intensity 

on aboveground plant biomass were higher and with negative estimates for sites bison had been 

reintroduced to within the last year, compared to sites with a longer legacy of bison 

reintroduction (Figure 5). The effect of bison use at a site within the past month were more 

prevalent at sites with a longer legacy of bison reintroduction (60 m2: P = 0.048, 500 m2: P = 

0.092) compared to those where bison were recently introduced (60 m2: P = 0.66, 500 m2: P = 

0.68). This suggests that negative effects of heavier bison use on aboveground plant biomass 
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occur within the first year of reintroduction and then are less affected by the gradient of bison 

use intensity in subsequent years of bison presence at a given site. 

 

Figure  5. Ordination plots of plant community composition responses to (day of year=DOY) and 

bison use within a) the past month at 60 m2 scale, b) the past month at 500 m2 scale, c) the past 

year at 60 m2 scale, and d) the past year at 500 m2 scale. 

Bison Wallowing Behavior 

Question 3: The center of the wallow had the lowest values of species richness (Figure 

6a). There is a nonlinear effect of disturbance on plant diversity and species richness (F(1, 100.9) = 

0.17, P = 0.68) independent of month (Figure 6). Month (timing within the growing period) was 

a significant driver of patterns of species richness (F(1, 4261.7) = 19.91, P < .001), especially in 

2024 (Figure 6), as was site identity (F(77, 5395.1) = 4.88, P < .001). Shannon’s diversity (Figure 6b) 

follows the same trend with the lowest values at the wallow’s center and distance from the center 
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not being a significant driver independent of month (F(1, 3558) = 3.04, P  = 0.08). Month was a 

significant driver of patterns of Shannon’s diversity (F(1, 3486) = 51.48, P < .001). The distance 

from the wallow’s center did not have a significant effect on Shannon’s Evenness (F(1, 3689.9) = 

0.37, P  = 0.54) (Figure 6c). Month was a significant driver of patterns of Shannon’s Evenness 

(F(1, 3615.9) = 8.31, P = 0.003). The distance from the wallow’s center did not have a significant 

effect on Simpson’s diversity (F(1, 3629) = 2.28, P  = 0.13) (Figure 6d). Month was a significant 

driver of patterns of Simpson’s diversity (F(1, 3560.9) = 50.42, P < .001). These results suggest that 

month is a stronger driver of plant community composition and richness than disturbance effects 

of bison wallowing. 

A     B 

 

C     D   

 

Figure 6. Plots showing plant community responses: a) plant species richness, b) Shannon’s 

diversity, c) Shannon’s Evenness, and d) Simpson’s Diversity by month in 2024 and 2025 to the 

effects of bison wallowing. 
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 Question 4: I found evidence of wallowing effects on physical soil properties (Figure 8). 

Soil bulk density declined from the highest values in the center of the wallow to the lowest 

densities in the adjacent prairie (F(2, 167) = 24.44, P < .001), while site identity had minimal effect 

on bulk density (F(37, 2) = 1.16, P = 0.57). Soil bulk density values are highly dependent on the 

location at the wallow site. High soil bulk density values suggest soil compaction at the wallow’s 

center, where severe disturbance has occurred, compared to the wallow’s edge and the 

surrounding prairie landscape.  

 

Figure 7. Soil bulk density (g/cm3) declined from the center of the bison wallow to the wallow 

edge, to the adjacent prairie. This suggests higher levels of soil compaction at the center of the 

wallow. 

 

Discussion 

 Westward expansion during the 19th century resulted in the near extinction of bison in 

their historical range with today’s population rebounding to ~400,000 individuals with ~20,000 

of those in conservation herds (Hedrick, 2019). Although successful rewilding efforts have 
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greatly increased the population size, bison remain functionally extinct as small and isolated 

herds cannot mimic historic ecological patterns (Geremia et al., 2025). The rapid removal of 

bison from their historical range created gaps in understanding as to their ecological role on the 

landscape, therefore research on their reintroduction remains active (Korner et al., 2015). My 

research found that bison reintroduced to northern mixed grass prairies engineer their 

environments, yet it is to a lesser extent than the effects seen in tallgrass prairie ecosystems. The 

bison behaviors I examined – namely grazing and wallowing – did significantly drive plant 

community composition and soil bulk density at wallow sites. In areas with recent (<1 year) 

reintroduction, bison use was a weak driver of plant community composition. Wallowing 

behaviors negativity effected plants at the center of the wallow. Additionally soil bulk density 

values were dependent on the location within the wallow site, with values highest at the center of 

the wallow. These results indicate that bison are engineering their environment in some capacity. 

 In asking, “How does plant composition and aboveground biomass vary across a gradient 

of bison use intensity?”, I hypothesized that plant composition and aboveground biomass will be 

altered across gradients of bison use intensities due to bison selectively grazing with a preference 

for graminoids (Shoenecker et al., 2015). I did not find strong support of a bison use gradient 

affecting plant community composition and aboveground biomass across a spatial and temporal 

gradient (H1a, H1b, H1c, and H1d). Although there is no overall effect, responses to bison use 

intensity on aboveground biomass (H1c) are stronger and negative where bison have been 

reintroduced for less than a year. Previous research in the same area comparing bison treatments, 

cattle treatments, and ungrazed treatments attributed bison use to higher plant species richness 

and compositional heterogeneity <10 years after reintroduction (McMillan et al., 2019). Research 
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with long-term (>38 years) bison reintroduction sites reported native species richness increased 

linearly until climate extremes coincided with a period of decline (Ratajczak et al., 2022). The 

current stocking rate for the SPU and WRU herds is around half of what is recommended for 

cattle. The low stocking rate reduces the selective pressure placed upon the plant community, 

pointing to a potential reason as to why there is no significant effect on the plant community. In 

my research, plant biodiversity and richness is significantly driven by the timing of the growing 

season, meaning that climatic drivers, such as mean temperature and precipitation events are 

shaping this ecosystem, likely to a larger extent than bison.  

 In asking, “If plant community composition and aboveground biomass vary across a 

gradient of bison use intensity is this the result of bison attraction to particular plant communities 

or an effect of bison altering plant communities?”, I hypothesized plant community composition 

and aboveground biomass across bison use intensities will depend on the time since 

reintroduction, due to legacy grazing effects. Although H2a lacked support, the weak effect sizes 

of bison use intensity for all four responses were higher and with positive estimates for sites 

bison had been reintroduced to within the last year, compared to sites with a longer legacy of 

bison reintroduction. There was a weak effect of bison use in the reduction of aboveground 

biomass (H2b) due to heavier bison use occurred within the first year of reintroduction; the size 

of this effect decreased in subsequent years with the same rate of bison use. Similarly, long-term 

reintroduction sites (>38 years) reported dominant grass cover initially decreasing, then 

eventually stabilizing at a mean cover of 20 to 25% (Ratajczak et al., 2022). Aligning with 

results of previous research, grazing effects compound to determine plant community responses 

(Allred et al., 2011; Becerra, 2007). The magnitude of response from plant communities may be 
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dependent on the time since reintroduction and ecosystem type as large responses have been 

reported in other studies (Ratajczak et al., 2022).  

 In asking, “How does bison wallowing behavior impact plant biodiversity and richness in 

the Northern Great Plains?”, I hypothesized the effects of bison wallowing will create stages of 

plant succession at wallow sites due to the severe disturbance. I predicted that plant species 

diversity will be highest at intermediate levels of disturbance (Catford et al., 2012; Collins & 

Barber, 1986). While the response variables were higher at the wallows edge compared to the 

center, there was no significant difference to the adjacent prairie (Figure 7). These results are 

similar to other research that wallows impede plant growth with higher disturbance frequency 

(McMillan et al., 2000; Yu, 2021).  

 In asking, “How does bison wallowing behavior impact physical soil properties in the 

Northern Great Plains?”, I hypothesized that bison wallowing behaviors will alter soil properties 

across a spatial gradient, with pronounced effects at the wallow’s center due to serve disturbance. 

The location within the wallow site had a significant effect on soil bulk density, with the 

wallow’s center having a high value indicating soil compaction (Figure 8). This effect results in 

low porosity, reducing water infiltration, soil aeration, and plant root growth, in which creates a 

microclimate for other organisms. Wallows in semi-arid climates differ from those in humid 

climates as higher rates of evaporation quickly remove surface water (Horne et al., 2024).  

 The limitations of this study include the lack of long-term reintroduction data and land-

use legacy effects from prior differing land use. Study sites varied in plant communities from 

northern-mixed grass prairies, sagebrush steppe, prairie dog towns, and abandoned agricultural 

fields. I was unable to measure the frequency and timing of wallow use, which would have been 
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useful for understanding stages of plant succession. While camera trapping would seemingly fill 

in this gap, bison are attracted to posts and other field equipment, likely increasing and skewing 

the frequency of visits. The study design for capturing plant community composition and 

aboveground plant biomass was best suited for the 60-m2 scale. In hindsight, an additional 

vegetation survey capturing the 500 m2 scale more accurately would have improved the ability to 

analyze the relationship between bison use intensity and the plant community. The management 

of the SPU and WRU herds creates one iteration of the ecological implications of bison 

rewilding, thus the findings in this study are not universal to all current or future rewilding 

projects.  

Understanding the ecological implications of rewilding remains an active area of research as 

bison reintroduction continues across their historical range. Studies including a range of bison 

management practices will offer a more robust comparison of plant community and soil property 

responses to reintroducing bison, which could be insightful for future rewilding projects. 

Including variation of management practices could be done through collaborative projects across 

tribal, public, and privately owned herds. An additional benefit to this approach is the ability to 

compare the effects of bison across a large spatial scale and differing ecological communities 

within the Great Plains. The implication of this study is to be additive to the body of scientific 

literature on bison reintroduction in the Great Plains, specifically in northern mixed grass prairie 

ecosystems.  Furthermore, this research can be used as an informative resource for those making 

decisions around bison policy and management. 
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CHAPTER THREE 

CONCLUSION 

Across the Great Plains, bison rewilding is seen as an aspect of ecological restoration to 

remnant or restored prairies. Land use legacies, ecosystem variability, and the implementation of 

policy decisions impose barriers to achieving large landscape restoration goals with rewilding 

alone. Bison still contend with anthropogenic pressures such as native grassland conversion to 

other land uses, habitat fragmentation through fencing, limited hunting, and climate change. The 

reality of rewilding bison involves balancing the interests of various stakeholder groups within 

the iron triangle, meaning that progress is often slow or halted. Opposition to bison rewilding is 

prevalent; therefore, science-based management is necessary to balance preconceived cultural 

ideologies and justify decisions. As reintroduction in the Great Plains continues, documenting 

changes in plant community biodiversity, species richness, and soil properties will be critical to 

quantify the potential ecological gains provided by bison reintroduction in their historical range.  

AP plans to continue increasing bison herd populations by reintroducing them to northeastern 

Montana as its land ownership expands. In AP’s mission it is implied that connecting large 

swaths of land and rewilding bison will restore ecological function to sections of the Northern 

Great Plains. While connecting habitat and restoring species to their native range is beneficial to 

biodiversity and resilience amongst climatic extremes, the ecological impact of rewilding bison 

is found to be weak in affect. Ecological outcomes are largely dependent on management 

practices involving stocking rate, grazing rotations, and availability to resources needed for each 

stage of life.  
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Table  A1. Effect sizes for plant responses of species richness, Shannon’s diversity, plant 

aboveground dry biomass, percent native cover, and percent grass cover to bison use intensities 

measured at two spatial (500 m2 and 60 m2) and two temporal (over the past month and over the 

past year) scales. 

Bison use 

intensity scale Response 

Effect 

Size 

mo 500 m Spp richness 0.011 

mo 60 m Spp richness 0.022 

yr 500 m Spp richness 0.066 

yr 60 m Spp richness 0.055 

mo 500 m Shannons div 0.073 

mo 60 m Shannons div 0.078 

yr 500 m Shannons div 0.189 

yr 60 m Shannons div 0.140 

mo 500 m Plant biomass 0.173 

mo 60 m Plant biomass 0.114 

yr 500 m Plant biomass 0.004 

yr 60 m Plant biomass 0.069 

mo 500 m % native 0.043 

mo 60 m % native 0.055 

yr 500 m % native 0.079 

yr 60 m % native 0.173 

mo 500 m % grass 0.088 

mo 60 m % grass 0.119 

yr 500 m % grass 0.153 

yr 60 m % grass 0.253 
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Table A2. Tests of H1a. Responses of Shannon’s diversity of the plant community and plant 

species richness to bison use intensities measured at two spatial (500 m2 and 60 m2) and two 

temporal (over the past month and over the past year) scales, and to Julian date (day of year = 

DOY) modelled as a second-degree polynomial. 

Response Driver Estimate SE df P 

Shannons 

div 

bison use (yr, 60 m) -0.06 0.07 40.6 0.373 

DOY (linear) -3.02 0.30 82.0 <0.001 

DOY (2nd poly) -1.65 0.29 81.9 <0.001 

Shannons 

div 

bison use (yr, 500 

m) -0.08 0.07 35.6 0.259 

DOY (linear) -3.03 0.30 82.4 <0.001 

DOY (2nd poly) -1.63 0.29 81.3 <0.001 

Shannons 

div 

bison use (mo, 60 

m) 0.02 0.03 115.9 0.403 

DOY (linear) -2.59 0.27 104.2 <0.001 

DOY (2nd poly) -1.29 0.26 102.4 <0.001 

Shannons 

div 

bison use (mo, 500 

m) 0.02 0.03 116.9 0.433 

DOY (linear) -2.59 0.27 104.3 <0.001 

DOY (2nd poly) -1.29 0.26 102.4 <0.001 

Spp 

richness 

bison use (yr, 60 m) -0.17 0.52 35.8 0.745 

DOY (linear) -41.84 2.90 82.5 <0.001 

DOY (2nd poly) -12.71 2.87 82.0 <0.001 

Spp 

richness 

bison use (yr, 500 

m) -0.20 0.53 32.8 0.706 

DOY (linear) -41.84 2.90 82.7 <0.001 

DOY (2nd poly) -12.65 2.87 81.6 <0.001 

Spp 

richness 

bison use (mo, 60 

m) 0.06 0.26 119.9 0.811 

DOY (linear) -37.95 2.60 105.0 <0.001 

DOY (2nd poly) -9.33 2.52 102.6 <0.001 

Spp 

richness 

bison use (mo, 500 

m) 0.03 0.26 121.1 0.903 

DOY (linear) -37.95 2.60 105.1 <0.001 

DOY (2nd poly) -9.31 2.52 102.6 <0.001 
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Table A3. Tests of H1b. Responses of percentage native plant cover and percentage grass to 

bison use intensities measured at two spatial (500 m2 and 60 m2) and two temporal (over the past 

month and over the past year) scales, and to Julian date (day of year = DOY) modelled as a 

second-degree polynomial. 

Response Driver Estimate SE df P 

% native 

bison use (yr, 60 m) -3.9 3.6 36.71 0.293 

DOY (linear) 34.3 19.9 82.90 0.089 

DOY (2nd poly) 23.1 19.7 82.38 0.244 

% native 

bison use (yr, 500 m) -1.7 3.8 33.68 0.650 

DOY (linear) 33.9 19.9 82.99 0.091 

DOY (2nd poly) 24.0 19.7 81.88 0.225 

% native 

bison use (mo, 60 m) 1.1 1.8 121.24 0.546 

DOY (linear) 26.8 18.0 106.36 0.139 

DOY (2nd poly) 19.2 17.4 103.89 0.274 

% native 

bison use (mo, 500 m) 0.9 1.8 122.36 0.633 

DOY (linear) 26.8 18.0 106.39 0.139 

DOY (2nd poly) 19.3 17.4 103.91 0.271 

% grass 

bison use (yr, 60 m) 7.6 4.6 39.68 0.107 

DOY (linear) -21.7 21.3 81.82 0.313 

DOY (2nd poly) -60.2 21.1 81.66 0.006 

% grass 

bison use (yr, 500 m) 4.4 4.9 34.92 0.366 

DOY (linear) -21.5 21.4 81.86 0.318 

DOY (2nd poly) -62.3 21.1 80.75 0.004 

% grass 

bison use (mo, 60 m) -2.5 1.9 119.59 0.194 

DOY (linear) -13.8 19.3 105.19 0.475 

DOY (2nd poly) -42.6 18.7 102.83 0.025 

% grass 

bison use (mo, 500 m) -1.9 2.0 120.97 0.333 

DOY (linear) -13.8 19.4 105.31 0.479 

DOY (2nd poly) -42.9 18.8 102.90 0.025 
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Table A4. Tests of H1c. Responses of above ground plant biomass (dry g/m2) to bison use 

intensities measured at two spatial (500 m2 and 60 m2) and two temporal (over the past month 

and over the past year) scales, and to Julian date (day of year = DOY) modelled as a second-

degree polynomial. 

Response Driver Estimate SE df P 

Plant 

biomass 

bison use (yr, 60 m) 8.9 20.4 39.8 0.666 

DOY (linear) 35.1 106.0 72.3 0.742 

DOY (2nd poly) -502.8 104.8 72.8 <0.001 

Plant 

biomass 

bison use (yr, 500 

m) 0.5 20.9 35.2 0.981 

DOY (linear) 35.1 106.0 72.4 0.741 

DOY (2nd poly) -504.7 104.8 72.2 <0.001 

Plant 

biomass 

bison use (mo, 60 

m) -12.3 10.3 106.6 0.237 

DOY (linear) 171.5 106.9 91.4 0.112 

DOY (2nd poly) -453.7 100.0 89.1 <0.001 

Plant 

biomass 

bison use (mo, 500 

m) -18.4 10.2 105.2 0.075 

DOY (linear) 171.9 105.7 91.1 0.107 

DOY (2nd poly) -451.3 98.8 88.9 <0.001 
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Table A5. Tests of H1d and H2 regarding plant community composition responses to bison use 

intensities measured at two spatial (500 m2 and 60 m2) and two temporal (over the past month 

and over the past year) scales, Julian date (day of year = DOY) modelled as a second-degree 

polynomial, and site nested within property, or site alone (for sites within the White Rock 

property alone where bison were reintroduced within the past year). Models are run for 1) all 

sites (All), 2) sites where bison have been present >1 year only (Long Term), and 3) sites where 

bison were reintroduced within the past year (Yr 1). 

Site 

Type 
Parameter df Variance F P 

All 

bison use (mo, 60 m) 1 1.30 1.41 0.078 

DOY (2nd poly) 2 3.99 2.16 0.001 

Property: SiteID 5 6.39 1.39 0.001 

Residual 135 124.33 NA NA 

All 

bison use (mo, 500 m) 1 0.98 1.07 0.349 

DOY (2nd poly) 2 3.98 2.16 0.001 

Property: SiteID 5 6.39 1.38 0.001 

Residual 135 124.64 NA NA 

All 

bison use (yr, 60 m) 1 1.34 1.19 0.168 

DOY (2nd poly) 2 4.43 1.96 0.001 

Property: SiteID 3 4.69 1.38 0.001 

Residual 105 118.54 NA NA 

All 

bison use (yr, 500 m) 1 1.15 1.01 0.463 

DOY (2nd poly) 2 4.43 1.96 0.001 

Property: SiteID 3 4.81 1.42 0.001 

Residual 105 118.61 NA NA 

Long 

Term 

bison use (mo, 60 m) 1 1.74 1.62 0.048 

DOY (2nd poly) 2 4.26 1.99 0.001 

Property: SiteID 4 5.74 1.34 0.004 

Residual 112 120.26 NA NA 

Long 

Term 

bison use (mo, 500 m) 1 1.40 1.30 0.092 

DOY (2nd poly) 2 4.27 1.98 0.001 

Property: SiteID 4 5.71 1.32 0.008 

Residual 112 120.63 NA NA 

Long 

Term 

bison use (yr, 60 m) 1 1.34 1.19 0.157 

DOY (2nd poly) 2 4.43 1.96 0.001 

Property: SiteID 3 4.69 1.38 0.003 

Residual 105 118.54 NA NA 

Long 

Term 

bison use (yr, 500 m) 1 1.15 1.01 0.432 

DOY (2nd poly) 2 4.43 1.96 0.001 

Property: SiteID 3 4.81 1.42 0.001 
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Residual 105 118.61 NA NA 

Yr 1 

bison use (mo, 60 m) 1 1.72 0.78 0.664 

DOY (2nd poly) 2 6.44 1.46 0.019 

SiteID 1 3.97 1.80 0.005 

Residual 19 41.87 NA NA 

Yr 1 

bison use (mo, 500 m) 1 1.65 0.75 0.681 

DOY (2nd poly) 2 6.43 1.46 0.012 

SiteID 1 3.97 1.80 0.005 

Residual 19 41.95 NA NA 
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Table A6. Effect sizes for plant responses of species richness, Shannon’s diversity, plant 

aboveground dry biomass, percent native cover, and percent grass cover to bison use intensities 

measured at two spatial (500 m2 and 60 m2) scales over the past month and for 1) sites where 

bison have been present >1 year only (Long Term) and 2) sites where bison were reintroduced 

within the past year (Yr 1). Here we cannot compare effects of bison use intensity over the past 

full year as data were not available for a full year at sites where bison were present for <1 year. 

Site Type Bison use intensity scale Response 
Effect 

Size 

Long Term 

bison use (mo, 500 m) % grass 0.101 

bison use (mo, 60 m) % grass 0.136 

bison use (mo, 500 m) % native 0.031 

bison use (mo, 60 m) % native 0.045 

bison use (mo, 500 m) Plant biomass 0.216 

bison use (mo, 60 m) Plant biomass 0.138 

bison use (mo, 500 m) Shannons div 0.025 

bison use (mo, 60 m) Shannons div 0.007 

bison use (mo, 500 m) Spp richness 0.041 

bison use (mo, 60m) Spp richness 0.015 

Yr 1 

bison use (mo, 500 m) % grass 0.224 

bison use (mo, 60 m) % grass 0.227 

bison use (mo, 500 m) % native 0.254 

bison use (mo, 60 m) % native 0.262 

bison use (mo, 500 m) Plant biomass 0.446 

bison use (mo, 60 m) Plant biomass 0.439 

bison use (mo, 500 m) Shannons div 0.207 

bison use (mo, 60 m) Shannons div 0.187 

bison use (mo, 500 m) Spp richness 0.001 

bison use (mo, 60 m) Spp richness 0.001 
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Table A7. Tests of H2. Responses of plant responses of species richness, Shannon’s diversity, 

plant aboveground dry biomass, percent native cover, and percent grass cover to bison use 

intensities measured at two spatial (500 m2 and 60 m2) scales over the past month and for 1) sites 

where bison have been present >1 year only (Long Term) and 2) sites where bison were 

reintroduced within the past year (Yr 1). Here we cannot compare effects of bison use intensity 

over the past full year as data were not available for a full year at sites where bison were present 

for <1 year. 

Site Type Response Driver Estimate SE df P 

Long Term 

Shannons 

div 

bison use (mo, 60 m) <0.01 0.03 95.5 0.944 

DOY (linear) -2.36 0.26 87.4 <0.001 

DOY (2nd poly) -1.42 0.25 86.4 <0.001 

Shannons 

div 

bison use (mo, 500 m) -0.01 0.03 96.3 0.809 

DOY (linear) -2.37 0.26 87.7 <0.001 

DOY (2nd poly) -1.43 0.25 86.6 <0.001 

Spp 

richness 

bison use (mo, 60 m) -0.04 0.28 98.5 0.879 

DOY (linear) -34.94 2.47 88.0 <0.001 

DOY (2nd poly) -10.68 2.43 86.8 <0.001 

Spp 

richness 

bison use (mo, 500 m) -0.12 0.30 99.5 0.680 

DOY (linear) -35.03 2.48 88.4 <0.001 

DOY (2nd poly) -10.75 2.43 87.0 <0.001 

% native 

bison use (mo, 60 m) 0.82 1.88 95.8 0.663 

DOY (linear) 23.82 16.41 87.5 0.150 

DOY (2nd poly) 19.33 16.10 86.6 0.233 

% native 

bison use (mo, 500 m) 0.61 1.99 96.6 0.759 

DOY (linear) 23.71 16.46 87.8 0.153 

DOY (2nd poly) 19.35 16.15 86.7 0.234 

% grass 

bison use (mo, 60 m) -2.76 2.06 95.3 0.185 

DOY (linear) -5.08 18.03 86.9 0.779 

DOY (2nd poly) -48.45 17.69 85.9 0.008 

% grass 

bison use (mo, 500 m) -2.19 2.20 96.4 0.320 

DOY (linear) -4.83 18.18 87.2 0.791 

DOY (2nd poly) -48.60 17.83 86.0 0.008 

Yr 1 

Shannons 

div 

bison use (mo, 60 m) 0.06 0.07 20.0 0.404 

DOY (linear) -1.15 0.31 15.0 0.002 

DOY (2nd poly) -0.07 0.30 16.5 0.810 

Shannons 

div 

bison use (mo, 500 m) 0.06 0.06 20.0 0.355 

DOY (linear) -1.17 0.31 15.0 0.002 

DOY (2nd poly) -0.09 0.30 16.7 0.777 

bison use (mo, 60 m) 0.00 0.67 19.0 0.997 
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Spp 

richness 

DOY (linear) -14.23 3.24 15.0 0.001 

DOY (2nd poly) -0.43 3.09 16.9 0.892 

Spp 

richness 

bison use (mo, 500 m) <0.01 0.60 19.2 0.997 

DOY (linear) -14.23 3.25 15.0 0.001 

DOY (2nd poly) -0.42 3.10 17.2 0.893 

% native 

bison use (mo, 60 m) 5.39 4.44 20.0 0.240 

DOY (linear) -9.21 25.51 20.0 0.722 

DOY (2nd poly) 18.48 23.51 20.0 0.441 

% native 

bison use (mo, 500 m) 4.66 3.96 20.0 0.254 

DOY (linear) -9.08 25.63 20.0 0.727 

DOY (2nd poly) 17.72 23.57 20.0 0.461 

% grass 

bison use (mo, 60 m) -4.91 4.99 17.7 0.339 

DOY (linear) -15.13 25.34 16.4 0.559 

DOY (2nd poly) 33.14 23.85 18.2 0.181 

% grass 

bison use (mo, 500 m) -4.31 4.43 17.9 0.343 

DOY (linear) -15.03 25.44 16.4 0.563 

DOY (2nd poly) 33.85 23.94 18.3 0.174 

Plant 

biomass 

bison use (mo, 60 m) -23.35 15.63 9.4 0.168 

DOY (linear) 226.03 113.73 8.3 0.081 

DOY (2nd poly) -323.30 113.07 8.3 0.020 

Plant 

biomass 

bison use (mo, 500 m) -20.52 13.53 9.3 0.163 

DOY (linear) 218.83 111.05 8.2 0.083 

DOY (2nd poly) -311.27 112.25 8.3 0.023 
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