
The effect of bison and cattle grazing on shortgrass prairie plant communities 
 
Background 

The reintroduction of bison to shortgrass prairie at Red Mountain Open Space provides a unique 

opportunity to advance understanding of the ecological effects of bison and cattle on grassland 

communities, and to compare these dynamics to better understood tallgrass prairie ecosystems. 

The Konza Prairie Long Term Ecological Research (LTER) site in Kansas has done extensive 

research on the impacts of cattle and bison grazing on plant and animal communities (Knapp et 

al. 1999; Towne et al. 2005; Collins and Smith 2006, Koerner et al. 2014). Replicating 

approaches used at Konza Prairie (e.g. grazing exclosures) at Red Mountain Open Space 

provides an exciting opportunity to improve our understanding of how grazing effects grassland 

ecosystems, as well as delivering important information on forage quality and quantity to help 

managers sustain grazing for animal and ecosystem health. This proposed 5-year study will 

provide a long-term assessment of how shortgrass prairie vegetation responds to grazing by 

bison and cattle. The long-term nature of the experiment is important given that past research in 

grasslands has shown that plant community responses to grazing (or the lack thereof) may take 

considerable time to manifest (e.g., Koerner et al. 2014). The main objectives of this study 

include the following: 1) To measure the effects of bison and cattle grazing on vegetation 

composition and structure by comparing sites actively grazed to those in which grazing is 

excluded; and 2) To help inform management of bison and cattle grazing in a shortgrass prairie 

system by providing data on forage availability and quality. 

Methods 

Sampling design - This proposed study builds on an existing 3-year study on the ecological 

effects of bison reintroduction at Red Mountain Open Space. To measure the effects of bison and 



cattle grazing on plant composition and structure, we constructed seven exclosures along 

transects at bison-grazed (n=14 exclosures) and cattle-grazed (n=14 exclosures) areas within Red 

Mountain Open Space (Figure 1). Each transect within the bison and cattle-grazed areas are 

spaced at least 100 m apart from one another, and all are located within the same soil type 

(Stoneham loam, 1-3% slopes). The rectangular exclosures each have an area of 38.5 m2 

(Koerner et al. 2014) and are spaced at least 10 m away from one another. Each transect is 

approximately 100 meters long, with the exception of the eastern-most transect in the cattle 

pasture (Figure 1), which was shortened to 80 meters to ensure the exclosures fit inside the 

Stoneham loam soil. Each exclosure measures 9.75 m x 3.95 m and was constructed with four-

gauge welded wire cattle panels (1.3 m tall) that are secured with 1.5 m tall t-posts and tie wire 

to ensure complete exclusion of grazers. In the bison pasture, we built all exclosures along the 

existing fence that bisects the bison pasture into eastern and western sections. 



 

Figure 1. Map depicting the two transects on bison-grazed and cattle-grazed sites on Red 
Mountain Open Space. Seven exclosures are spaced at least 10 m apart along each transect. 

Vegetation sampling - To measure vegetation in the absence of grazers, we randomly selected a 

side of the exclosure to sample. We then established a permanent 4m2 plot inside the exclosure 

from which to sample vegetation. To compare vegetation outside the exclosures, we also 

established 4m2 paired plots with similar vegetation to the 4m2 plot inside the exclosures. We 

subdivided each 4m2 plot (exclosure or paired) into 1m2 subsections (A,B,C,D), within each  

subsection, we estimated the percent canopy cover of each species during the first week of June 

and August (Koerner et al. 2014). For the exclosures and paired plots, we measured the percent 

cover of cool season grasses, forbs, and shrubs in June and percent cover of warm season 

grasses, bare ground, and litter in August. In August, we also used a modified Robel pole to 

measure vegetation height (Vinton 1993).  



We propose to continue sampling these plots in June and August using the same 

methodology over the next five years (2018-2022). The strength and novelty of this study is 

dependent on long-term sampling using a consistent protocol at the same sites, which were 

carefully selected to ensure differences could not be attributed to variability in soil type. Because 

shortgrass prairie is an arid ecosystem, we do not expect to observe rapid responses to excluding 

grazers. Instead, we expect these changes will occur over longer time horizons. Thus, long-term 

monitoring is critical to detecting the effect of bison and cattle grazing on Red Mountain Open 

Space.  

Preliminary findings 

As expected, the first several years of data collection do not yet show significant differences 

between vegetation metrics inside exclosures and paired grazed plots (Figures 2-5). The strength 

of this finding is that it indicates that we selected exclosure and grazed sites with similar 

vegetation characteristics. Selecting sites with similar vegetation enhances our ability to attribute 

any changes we measure to the effects of grazing as opposed to other factors. Across both sites, 

dominant cool-season grasses included Needle and thread (Hesperostipa comata) and Western 

wheatgrass (Pascopyrum smithii), while the main warm season grasses included Blue gramma 

(Bouteloua gracilis) and Purple three-awn (Aristida purpurea). Dominant forbs included Two-

grooved milkvetch (Astragalus Bisulcatus) and Nuttall’s sophora (Sophora nutalliana), with 

dominant sub-shrubs including Winterfat (Krascheninnikovia lanata) and Prairie sagewort 

(Artermisia frigida).  

 



 

Figure 2. Average vegetation percent cover (mean ± SE) at bison-grazed sites (2016 – 2017). 

 

Figure 3. Average vegetation percent cover (mean ± SE) at cattle-grazed sites (2016-2017) 



 

Figure 4. Average vegetation height (mean ± SE) at bison-grazed sites (2016-2017) 

 

Figure 5. Average vegetation height (mean ± SE) at cattle-grazed sites (2016-2017) 



Maintenance and monitoring plan and timeline 

Drs. Melinda Smith and Liba Pejchar, both faculty at CSU, will work together to maintain the 

exclosures and collect vegetation measurements. Dr. Smith and Pejchar will visit the sites 

periodically (twice per year) to ensure integrity of the exclosures is maintained (Table 1). In 

addition, the sites will be visited for a 2-3 day period by a crew of ~4 people in June and August 

for vegetation sampling (Table 1). Collectively, the proposed visitation will minimize impact on 

the property and county over the next five years (Table 1). The investigators will provide annual 

reports of the project during the project period per County guidelines and in response to 

particular request. Near the end of the five-year project period, we propose meeting with the 

Larimer County Department of Natural Resources to report project results and to discuss future 

options for maintenance and monitoring.  

 

 

Table 1. Proposed maintenance, sampling, and report schedule (2018-2022). Activities/visits will 
be restricted to no more than three days/month throughout this time period. Any additional visits 
will be submitted to the County for approval.  

 Month 
Year March June August November December 
2018 Maintenance: 

Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Early-
season 
sampling: 
cool-season 
grasses, 
forbs, 
shrubs 

Late-season 
sampling: 
warm-season 
grasses, 
bareground, 
litter 

Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Report to city and 
county: Data 
summary and update 
on exclosures 

2019 Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Early-
season 
sampling: 
cool-season 
grasses, 
forbs, 
shrubs 

Late-season 
sampling: 
warm-season 
grasses, 
bareground, 
litter 

Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Report to city and 
county: Data 
summary and update 
on exclosures 



2020 Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Early-
season 
sampling: 
cool-season 
grasses, 
forbs, 
shrubs 

Late-season 
sampling: 
warm-season 
grasses, 
bareground, 
litter 

Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Report to city and 
county: Data 
summary and update 
on exclosures 

2021 Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Early-
season 
sampling: 
cool-season 
grasses, 
forbs, 
shrubs 

Late-season 
sampling: 
warm-season 
grasses, 
bareground, 
litter 

Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Report to city and 
county: Data 
summary and update 
on exclosures 

2022 Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

Early-
season 
sampling: 
cool-season 
grasses, 
forbs, 
shrubs 

Late-season 
sampling: 
warm-season 
grasses, 
bareground, 
litter 

Maintenance: 
Check on 
exclosure 
fencing and 
make any 
necessary 
repairs 

- 5-year report to city 
and county: Data 
summary and 
findings 
- Re-evaluate plans 
for the exclosures 
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