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“Praised be you, my Lord, through our sister, Mother Earth, who sustains and governs us…”  
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ABSTRACT 
 

North American grasslands are in significant decline due to agricultural conversion and 

woody encroachment, with only 38% of historical landcover remaining. While the Conservation 

Reserve Program (CRP) restores grasslands on private lands, these areas often lack the structural 

heterogeneity needed for high quality wildlife habitat. Cattle grazing has been proposed as a 

management tool to increase this heterogeneity. We evaluated the relative influence of inherent 

heterogeneity and management-induced heterogeneity on 29 CRP fields in the shortgrass prairie 

of Colorado and the tallgrass prairie of Kansas during the 2025 growing season. Using visual 

obstruction readings and variance partitioning, we found that inherent variation within and 

between sites was the dominant driver of vegetation structure, accounting for 35-42% of the total 

variance. In contrast, cattle grazing (1-8%) and seasonal growth (5-9%) explained significantly 

less of the structural patterns. Results varied by region: in Colorado, heterogeneity increased 

naturally with seasonal growth regardless of grazing. In Kansas, however, grazing had a 

detectable, though relatively small, impact on structural heterogeneity by the late growing 

season. Despite the negative effects of grazing in Kansas, our findings suggest that inherent 

variation within and between sites may play a larger role in shaping habitat heterogeneity than a 

single year of cattle grazing. Part of this inherent variation can be contributed to changes plant 

community composition, as plant community dissimilarity was positively linked to structural 

heterogeneity on non-grazed sites in Colorado. However, this relationship was absent in Kansas 

and grazing suppressed this relationship in both regions.  To enhance heterogeneity on CRP 

lands, managers should prioritize identifying and maintaining key sources of existing variation, 

such as soil heterogeneity and plant community composition. In many cases, protecting this 

inherent variation may be as important as introducing new management-driven disturbances.  
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CHAPTER 1 

INTRODUCTION 

North American grasslands are in significant decline due to agricultural conversion and 

woody encroachment, with only 38% of historical landcover remaining (Comer et al., 2018). 

Pre-colonization, frequent disturbance by bison grazing and fire maintained a high level of 

biodiversity on the prairie. This disturbance regime developed diverse plant communities that 

acted as a food resource for wildlife while creating variable structures needed for wildlife 

habitat. The conversion of native grasslands has not only involved a shift from native plant 

communities to monocultures, but also a loss of the heterogenous landscapes that supported a 

large range of wildlife (Samson et al., 2004).  

One remedy for this habitat loss is the Conservation Reserve Program (CRP), which 

incorporates conservation practices on private lands. The USDA originally established CRP in 

1985 as an effort to reduce soil erosion, but the focus of this program has slowly shifted into 

creating and maintaining wildlife habitat (Barbarika, 2021). As of 2020, 21.9 million acres were 

enrolled in the program, with almost six million acres in grasslands (USDA and FSA, 2020). 

Although CRP creates wildlife habitat in agriculturally dominated landscapes, these restored 

areas often lack the plant species diversity and disturbances required to create vegetative 

structural heterogeneity, which is important for wildlife foraging, cover, and predator avoidance 

(Baer et al., 2009; Bakker and Higgins, 2009; Questad et al., 2011). 

Many land managers now recognize the importance of landscape heterogeneity and have 

begun to develop methods to create variable vegetation structure (Tamme, 2010; Stein et al., 

2014; Symstad and Jonas, 2014). One such approach is patch-burn grazing, which combines the 

use of prescribed fire and cattle grazing to mimic historical conditions of the prairie (Vermeire et 
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al., 2004). Prescribed fire stimulates new plant growth in recently burned areas, which in turn 

attracts high grazing activity. Meanwhile, neighboring unburned areas experience reduced 

grazing activity, creating a mosaic of plant growth stages and vegetative structure. However, 

prescribed fire can be logistically difficult to implement and remains controversial in many areas. 

Even without the benefit of fire, cattle grazing can increase heterogeneity through dung 

deposition, herbage removal, and trampling (Kohler et al., 2004).  

On CRP grasslands, disturbance is usually limited to mid-contract management (MCM) 

practices which aim to remove invasive species and increase compositional structure and 

diversity. During a 10- to 15- year enrollment contract, landowners must conduct at least one 

MCM. The current MCM options include shallow disking, prescribed burning, haying, mowing, 

selective herbicide use, and interseeding. Landowners work with local USDA officials to develop 

a management plan that best suits their site conditions (USDA and NRCS, 2017). Although 

MCMs provide some level of disturbance on the field, the intensity of disturbances may not be 

sufficient to prevent homogenous vegetation structure (Negus et al., 2010: Questad et al., 2011; 

Bach et al., 2012), which has prompted interest in cattle grazing as an additional management 

tool. While cattle grazing on CRP during the early part of the growing season has only recently 

been permitted due to concerns for disturbance of nesting birds (USDA and FSA, 2025), 

previous studies both on CRP (Watson et al., 2024) and in other grasslands (Dong et al., 2020; 

Kang et al., 2020) indicate that moderate grazing can increase vegetative structural 

heterogeneity. 

Despite this interest, the effectiveness of grazing as a tool to increase heterogeneity on 

CRP likely depends on the existing variability of the landscape. Across the landscape, inherent 

heterogeneity between sites, within sites, and across the growing season may interact with 
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management strategies to create variable vegetation structures. Each of these potential causes of 

heterogeneity are shaped by different environmental processes. Variability between and within 

sites is slow to change, as it is largely controlled by abiotic factors. Community composition and 

structure between sites is driven by differences in topography (Milchunas, 1989), soil type 

(Kachergis et al., 2012), and land use history (Foster et al., 2003). For example, Mollier et al. 

(2022) found that plant communities were different on sites that had been historically grazed 

when compared to sites that had been historically tilled, even when managed identically for the 

past 50 years. At a smaller scale, variation within a site is generated by factors such as 

disturbance (Kachergis et al., 2012), plant community composition (Bloor et al., 2020), and 

micro-environments of soil nutrients and topography (Briggs & Knapp, 1995). For example, 

Horn et al. (2015) identified that environmental factors such as soil pH and nutrients altered plant 

communities within a 12 square meter sampling area.  

In addition to abiotic sources of heterogeneity, studies have shown that heterogeneity 

varies over time (La Pierre et al., 2011; Vymazalová et al., 2012). While research on temporal 

vegetive heterogeneity often prioritizes interannual patterns (Bonari et al., 2017; McGranahan et 

al., 2018; Osterheld et al., 2001), key drivers of heterogeneity, such as vegetation biomass, plant 

height, and species composition, can significantly shift within a single growing season (Betson 

and Foster, 2023; Fischer et al., 2023). The extent to which these intra-seasonal dynamics alter 

overall ecosystem heterogeneity remains poorly understood. For instance, as vegetation grows 

taller, the range of possible heights increases, though the slope of this relationship is likely 

dependent on plant community composition (Liu et al., 2020; Fig. 1). This scaling relationship 

complicates the interpretation of grazing effects, as grazing may alter both the mean and 

variability of plant community height. For example, grazing could reduce mean vegetation height 
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without changing variability, increase variability through selective foraging, or reduce both mean 

and variability, resulting in more homogenous vegetation (Fig. 1). These outcomes may vary 

within a growing season as plant communities develop. Understanding how grazing interacts 

with these mean-variance relationships is essential for determining whether it can effectively 

increase heterogeneity. Such changes may be particularly important for different wildlife species 

that have nesting, foraging, and cover requirements that change throughout the season (Gehrt et 

al., 2020). 

To date, few studies have evaluated the relative effects of both inherent and management-

induced structural heterogeneity (Duquette et al., 2022a; McGranahan, 2025), and no study has 

investigated this interaction on CRP grasslands or examined changes within a growing season. 

To address these gaps, we quantified the proportion of variability associated with inherent 

heterogeneity (between and within sites, across the growing season) and management-imposed 

heterogeneity (cattle grazing) on CRP grasslands in central Kansas and eastern Colorado. 

Specifically, we asked: 1) How does grazing shift the mean-variance relationship for plant 

community height within a growing season? 2) Does grazing increase within-site variance 

(heterogeneity)? and 3) How much of the variation in plant community height is attributable to 

inherent, within-site variation and plant growth? By addressing these questions, our study aims 

to characterize the relative importance of inherent and management-induced heterogeneity and 

determine if cattle grazing can increase vegetative structural heterogeneity on restored 

grasslands. 
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CHAPTER 2 

METHODS 

2.1 Experiment Establishment 

This study was conducted as part of a larger research project on 60 CRP fields in central 

Kansas and eastern CO (Fig. 2). These two study areas were selected to capture variation in plant 

communities that reflect the strong precipitation gradient across the Great Plains and reflect a 

high density of CRP fields that had been replanted to native grassland species. Fields were 

selected from a pool of landowners willing to participate in the project, which were identified 

through a call list provided by the USDA. To be included in the study, fields had to be enrolled as 

CP2 or CP25, be at least 35 acres in size, have relatively similar and representative soil types, 

and have a shape that could accommodate a 200 x 300 m plot. To ensure suitable plant 

community development, fields that had been enrolled in CRP for less than four years were 

excluded. Additionally, contracts could not expire before 2027, and fields had to be separated by 

at least 1 km.  

Each field had one of three grazing treatments: no grazing, season-long grazing, or 

partial-season grazing (Fig. 3). On grazed fields, landowners provided and managed their own 

cattle, with the instructions to graze within the window of May – October. Individual stocking 

rates were provided by the local Natural Resources Conservation Service (NRCS) with the aim 

of 50% utilization of the field, which roughly corresponds to 25% biomass removal. All cattle 

were fenced within CRP boundaries, and disking was prohibited throughout the study, although 

other MCMs were allowed.  In the season-long grazing treatment, cattle grazed throughout the 

entire growing season (120-180 days), while in the partial-season grazing treatment, cattle grazed 

for a shorter period of time (45-90 days). 
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Treatment type was allocated based on landowner preference. If a landowner had no 

preference, we assigned a treatment to evenly distribute the replicates. Out of the larger pool of 

60 fields, 33 were in Colorado (14 non-grazed, 8 season-long, and 11 partial-season) and 27 were 

in Kansas (19 non-grazed, 3 season-long, and 5 partial-season). From this larger pool of 60 

fields, we intended to sample a subset of 15 fields (5 of each treatment type) twice throughout 

the growing season to test for temporal heterogeneity. However, due to logistical complications, 

we sampled 15 sites in Colorado (7 non-grazed, 3 season-long, 5 partial-season) and 14 sites in 

Kansas (7 non-grazed, 3 season-long, 4 partial-season). Sites to be subsampled were first filtered 

to remove sites with excessive woody vegetation and non-representative management practices, 

then were randomly selected from the filtered group. Additionally, cattle turnout timings differed 

between regions. In Kansas, the mean number of grazed days prior to sampling was 30 in the 

early season and 76 in the late season. Cattle turnout was later in Colorado than in Kansas, 

resulting in an average of 4 and 47 grazing days prior to the early and late sampling periods, 

respectively (Table 1).  

2.2 Data Collection 

We collected vegetation data from each of the subsampled fields from June–August 2025. 

Each site was sampled twice to represent early (June 4–13) and late (July 28–August 6) season 

growing periods. All sampling occurred in a 200 x 300 m plot located in the center of each field. 

The central transect of the plot was placed at least 100 m away from field edges to mitigate edge 

effects. In the case of irregularly shaped fields, plots were placed in an area with the largest core 

area, while maintaining a 100 m edge distance. 

Within a 40 x 40 m grid inside the plot (Fig. 4), we collected visual obstruction readings 

(VOR) as a combined metric of vegetation height and density using a modified Robel pole (Fig. 
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5; Robel et al., 1970) with markings every 5 cm. We sighted the pole at a distance of 4 m with 

the observer eye-height at 1 m. In each of the four directions parallel to the plot edges, we 

recorded the highest interval of the pole that was obscured by >50%. We also collected 

community composition data at half of the sample points in each sampling period using a 1 x 1 m 

quadrat in cover classes (0-5%, 5-10%, 10-25%, 25-50%, 50-75%, 75-100%; Van Der Maarel, 

1975). We located quadrats along half of the transects, resulting in 24 quadrats each for early and 

late seasons. In Colorado, we alternated transects, so that the unsampled transects during the 

early sampling period were sampled during the late sample periods. Due to an issue with the 

protocol in Kansas, the same transects were sampled in both early and late sampling periods.  

2.3 Statistical Analysis 

For data analysis purposes, we combined the season-long and partial-season treatments 

into one combined “grazed” treatment due to low sample sizes and little differences between 

responses. We performed all data analysis in the R statistical environment (R Core Team, 2024). 

We converted all VOR intervals into midpoints (cm) to translate the index to a continuous scale. 

This allowed us to more clearly relate VOR readings to physical vegetation height. We then 

visually inspected the VOR data using violin plots. To quantify mean-variance relationships, we 

plotted standard deviation as a function of VOR.  

We compared both the overall differences and the magnitude of change in VOR and 

heterogeneity between seasons and grazing treatments for each state. To compare seasonal shifts, 

we calculated the delta values of each response variable for each site, representing the numerical 

change between early and late sampling periods. To compare overall differences in VOR and 

heterogeneity, we used GLMMs with site as a random effect to account for repeated sampling. In 

both cases, VOR data was non-normal and violated model assumptions, so we analyzed these 
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data using non-parametric aligned rank transformations with the ARTool package (Kay et al., 

2025). We used linear models to analyze the heterogeneity results, as the data met model 

assumptions. We conducted pairwise comparisons to determine specific differences between 

seasons and treatments using the ARTool and emmeans packages (Lenth and Piaskowski, 2026).  

We further quantified differences in heterogeneity within sites, between grazing 

treatments, and between seasons. To do this, we used variance partitioning to estimate the 

structural heterogeneity of each site in each season (McGranahan et al., 2012; Londe et al., 2020; 

Spiess et al., 2025). In this model, VOR was the response variable and sample point was the 

random effect. We extracted the variance component of the models to use as our metric of 

heterogeneity. To evaluate changes in within-site heterogeneity, we calculated community 

dissimilarity for each site using a Bray-Curtis dissimilarity matrix. We then conducted an 

ANOVA to analyze the relationship between community dissimilarity and heterogeneity for both 

early and late seasons in each state.  

To determine the proportion of variance in the dataset attributable to each factor 

(treatment, season, between sites, within sites), we fit a linear mixed-effects model with VOR as 

the response variable, grazing treatment and season as fixed effects, and site and sample point as 

random effects (McGranahan, 2026). Variance was partitioned among model terms using the 

partR2 (Stoffel et al., 2021) and lme4 (Bates et al., 2015) packages. Following the 

recommendation of Stoffel et al. (2021) for handling interaction terms, we prioritized main 

effects by first calculating the partial R2 for the interaction term alone, then calculated the main 

effect variance with the interaction term excluded. 
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CHAPTER 3 

RESULTS 

3.1 Seasonal Dynamics and Treatment Effects 

We collected a total of 1,440 VOR measurements in Colorado and 1,344 VOR 

measurements in Kansas (Fig. 6). To understand the effects of growing season and grazing 

treatment on VOR and structural heterogeneity, we analyzed both the overall differences and the 

magnitude of change between seasons and grazing treatments for each state. Regardless of 

grazing treatment, VOR increased throughout the growing season in both Colorado (P < 0.001) 

and Kansas (P < 0.001; Fig. 7; Table 2). In Colorado, VOR increased more in non-grazed fields 

(81.8% increase) than grazed fields (32.3% increase; P = 0.011; Fig. 7; Table 2). Despite the 

within-season change in VOR, there was no detectable difference between grazing treatments at 

the early or late sample periods (P = 0.643; Fig. 8; Table 2). In Kansas, VOR also increased more 

in non-grazed fields (36.3% increase) than in grazed fields (18.9% increase; P = 0.011; Table 2). 

Additionally, non-grazed fields were significantly taller than grazed fields by the late growing 

season (P = 0.038; Fig. 8; Table 3). In the early season, non-grazed VOR was 55.8 cm compared 

to 43.4 cm in grazed areas, a difference that widened by the late season (76.1 cm vs. 51.6 cm, 

respectively). 

Structural heterogeneity also displayed region-specific responses to season and grazing 

treatment. In Colorado, vegetative structural heterogeneity increased over the growing season (P 

< 0.001; Table 2), but this increase did not vary with grazing treatment (P = 0.446; Fig. 7; Table 

2). In Kansas, we detected an interactive effect of grazing and season (P < 0.001; Table 2). Post-

hoc analyses showed that in the late growing season, grazed fields were significantly less 
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heterogeneous (52% less) than non-grazed fields (P = 0.001; Fig. 8; Table 3) and heterogeneity 

on grazed fields decreased 40% throughout the growing season (P = 0.023; Fig. 7; Table 2).  

3.2 Drivers of Structural Heterogeneity 

 Consistent with proposed mean-variance relationships (Fig. 1), the standard deviation 

increased with the mean. This response was similar across both grazed and ungrazed treatments, 

except for early-season grazing in Kansas (P < 0.05, Fig. 9; Table 4), although this effect 

dissipated by the late season. Given the pre-existing variability across sites (Fig. 6) and the 

scaling of the variance with the mean (Fig. 9), we used a variance partitioning model to 

determine how each factor (between sites, within sites, season, or grazing) contributed to 

observed patterns in vegetative structural heterogeneity. The variance partitioning analysis 

demonstrated that spatial heterogeneity within and between sites accounted for the largest 

portion of explained variation in VOR, while season and grazing treatment were less influential. 

In Colorado, variation within and between sites accounted for over 35% of the heterogeneity, 

while season and grazing accounted for 8.58% and 1.38%, respectively. In Kansas, within and 

between site variation accounted for over 42% of the heterogeneity, while season accounted for 

4.72% and grazing accounted for 7.92% of the variation (Table 5). 

3.3 Within-Site Heterogeneity 

To examine inherent within-site heterogeneity, we analyzed the relationship between 

community dissimilarity (measured as the mean distance to centroid from a Bray-Curtis 

dissimilarity matrix) and structural heterogeneity (variance in VOR from the random effects only 

model; Fig. 10). In Colorado, the relationship between community dissimilarity and 

heterogeneity varied by season. In the early growing season, community dissimilarity was 



 
 

11 
 

positively associated with higher structural complexity regardless of grazing treatment (P = 

0.008; Table 6). We found a significant interaction between community dissimilarity and grazing 

treatment later in the growing season (P = 0.027; Table 6). Post-hoc slope analysis revealed that 

on non-grazed sites, heterogeneity increased with community dissimilarity (P < 0.001; Table 7). 

In contrast, community dissimilarity had no significant effect on heterogeneity on grazed sites (P 

= 0.27; Table 7). In Kansas, community dissimilarity had no detectable relationship with 

heterogeneity in either the early (P = 0.168; Table 6) or late (P = 0.668; Table 6) growing season.   
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CHAPTER 4 

DISCUSSION 

Habitat heterogeneity is a critical component of conservation efforts as more diverse 

landscapes offer a wider range of resources and physical refugia for wildlife (Thomsen et al., 

2022). While heterogeneity is often considered at broad spatial scales (Oliver et al., 2010: Tonetti 

et al., 2023; Priyadarshana et al., 2024), our results suggest that within-site heterogeneity may be 

equally as important (Tews et al., 2004). Overall, our findings demonstrate that inherent variation 

within sites plays a larger role in shaping vegetation structure than a single year of grazing under 

the current grazing management prescriptions. Variation within and between sites accounted for a 

substantial proportion of total variance in vegetation structure (>35% in Colorado and >42% in 

Kansas), suggesting that local conditions greatly influence habitat structure. In contrast, seasonal 

(8.58 in CO and 4.72 in KS) and grazing (1.38 in CO and 7.92 in KS) effects were relatively 

weak and inconsistent between regions. However, even with relatively small contributions to the 

model, grazing in Kansas reduced vegetative structural heterogeneity, whereas seasonal growth 

in Colorado increased heterogeneity.  

The inherent variation observed on these CRP grasslands is likely driven by several 

factors at multiple spatial scales. Between site variation likely reflects broad differences in 

topography (Milchunas, 1989), soil type (Kachergis et al., 2012), and land use history (Foster et 

al., 2003). These large-scale drivers can influence overall productivity, species pools, and 

vegetation structure, all of which may create systematic differences among sites that exceed the 

effects of grazing treatments. In contrast, within-site variation arises from finer-scale changes in 

soils and topography, which affect plant community composition and productivity (Briggs and 

Knapp, 1995). Furthermore, initial planting establishment and invasive and woody species can 
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contribute to structural heterogeneity, as certain plants can create high-contrast structures within 

otherwise uniform grasslands (Ratajczak et al., 2012). Past land management, particularly mid-

contract management practices such as prescribed fire or disking, may also generate structural 

variation that persists over time (USDA and NRCS, 2017; Bloor et al., 2020), although these 

effects are difficult to quantify due to limited management records.  

Despite the importance of these inherent sources of variation, there are few studies that 

quantify the effects of both inherent and management-induced heterogeneity. McGranahan 

(2025) investigated the importance of inherent versus disturbance-driven heterogeneity in a 

patch-burn grazing system in North Dakota. In this study, McGranahan identified that the 

combined disturbance of prescribed fire and cattle grazing resulted in higher levels of structural 

heterogeneity than on sites without disturbance, where soil characteristics were the driving 

mechanism. This suggests that more intense methods of disturbance may be required to override 

inherent variation. 

Plant growth also plays an important role in shaping structural heterogeneity, particularly 

in systems with limited grazing. Patterns of mean-variance scaling indicate that structural 

variability increases with vegetation height and density (Fig.1; Fig. 9), suggesting that as 

vegetation grows taller, variability in structure also increases. This pattern was especially evident 

in Colorado, where both VOR and heterogeneity increased throughout the growing season. In 

Kansas, however, early season mean-variance relationships in the grazed treatment were driven 

by a few highly heterogeneous sites, potentially due to standing dead biomass remaining from 

the previous year’s growth or woody vegetation that created taller and more variable structures. 

On sites with limited grazing, standing dead biomass may persist longer, contributing additional 

structural complexity for wildlife, whereas grazing could reduce this component through 
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consumption and trampling. This pattern was evident in Kansas, where grazed sites became less 

heterogeneous by the late growing season. Additionally, the strength of the mean-variance 

relationship may also depend on plant species composition, as dominant species differ in growth 

form, height potential, and canopy structure, all of which can influence how biomass 

accumulation translates into structural variability (Ladouceur et al., 2022).   

Consistent with the mean-variance relationships, the relationship between plant 

community composition and structural heterogeneity differed between regions. On ungrazed sites 

in Colorado, we observed a positive relationship between plant community dissimilarity and 

heterogeneity, indicating that within-site variation in species composition can alter vegetation 

structure. In this arid system, lower overall biomass may allow plant communities to form 

distinct patches of vegetation dominated by one or few species, increasing the structural 

heterogeneity (Thomas, 2024). Additionally, heterogeneity increased from early to late season, 

suggesting that in moisture-limited environments, seasonal growth may amplify structural 

contrasts among patches. In Kansas, however, there was no detectable relationship between 

community dissimilarity and heterogeneity, likely may be due to the inherently tall and dense 

vegetation structure of the region. Regardless of species composition, most plant communities 

remain uniformly tall and dense throughout the season (Sims et al., 1978).  As the growing 

season progressed, dominant species like big bluestem (Andropogon gerardii) or switch grass 

(Panicum virgatum) likely maximized biomass within sites, resulting in uniform vegetation 

structures. The addition of cattle grazing in both regions reduced the influence of plant 

community dissimilarity on heterogeneity, likely through the alteration of natural plant structures 

through selective foraging and trampling (Kohler et al., 2004). 
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In comparison to inherent variation, cattle grazing contributed relatively little to 

vegetative structural heterogeneity (1.38% in Colorado and 7.92% in Kansas) in this study. In 

Colorado, grazing did not detectably alter VOR or structural heterogeneity. In the arid shortgrass 

prairie, plant growth may be so limited by moisture that moderate grazing pressure is insufficient 

to override the inherent patchiness of the landscape (Augustine et al., 2017). Alternatively, the 

lack of response to grazing suggests that grazing pressure was too low to overcome seasonal 

biomass accumulation, or that the plants are evolutionarily adapted to maintain a short, patchy 

structure regardless of herbivory (Blumenthal et al., 2020). In Kansas, cattle grazing reduced 

both VOR and structural heterogeneity compared to non-grazed sites, with grazed sites becoming 

shorter and more uniform by the late growing season. This could indicate that the cattle may 

have grazed in a uniform pattern across our study area or that the stocking rate was sufficient to 

suppress natural structural complexity. While differences in cattle turnout timings between 

regions may have introduced variability (Table 1), such inconsistencies are representative of the 

logistical constraints of implementing grazing as a conservation management tool on working 

lands such as CRP.  

Although our results contrast with studies showing that conservative stocking rates can 

increase structural heterogeneity (Kraft et al., 2021; Watson et al., 2024), multiple factors, such 

as stocking rates, precipitation, baseline productivity, and timing of grazing can influence how 

cattle grazing effects plant structure. Contrary to Watson et al.’s (2024) previous study indicating 

an increase in structural heterogeneity from grazing on CRP in Kansas, our results indicate that 

grazing may not impact structural heterogeneity in Colorado and reduce structural heterogeneity 

in Kansas. However, these findings are based on a single year of data, whereas Watson et al. 

(2024) utilized a three-year dataset. This discrepancy may stem from our limited timeframe, as 
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well as differences in precipitation; our single year of data (2025) was characterized by above-

average precipitation. Additionally, our data collection was limited to one scale; a multi-scale 

approach might produce different results. 

The largely different responses to both season and grazing in Colorado and Kansas 

highlight the need to consider broad-scale environmental gradients. The primary cause of this 

regional difference is likely due to the decrease in precipitation from the eastern to western Great 

Plains (Nielsen, 2018). This gradient not only dictates the maximum potential biomass but also 

impacts plant species diversity and competitive strategies (Ren et al., 2023). In more arid regions 

like Colorado, the environment may already maintain a high level of natural heterogeneity. In 

high-productivity regions like Kansas, some level of disturbance may be necessary to prevent 

homogenization of grasslands, but too heavy grazing could result in the same effect. Further 

years of study are needed to determine effective stocking rates and grazing timings that will 

improve structural heterogeneity on CRP.  

4.1 Management Implications 

 Current CRP mid-contract management practices are often limited in their ability to 

create impactful disturbance (Negus et al., 2010: Questad et al., 2011; Bach et al., 2012), which 

has prompted interest in cattle grazing as an additional management tool. While grazing is 

frequently utilized to increase heterogeneity by creating patchy vegetation (Kraft et al., 2021: 

Davies et al., 2022), our grazing strategy did not clearly support this outcome. Despite a decrease 

in structural heterogeneity with grazing in Kansas, our results suggest that inherent variation 

within and between sites may play a larger role in shaping habitat heterogeneity than a single 

year of cattle grazing. To enhance heterogeneity on CRP lands, managers should prioritize 

identifying and maintaining key sources of existing variation, such as soil heterogeneity and 
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plant community composition. In many cases, protecting this inherent variation may be as 

important as introducing new management-driven disturbances. Effective management of CRP 

lands will require a site-specific approach that accounts for the local environmental conditions 

and recognizes that the drivers of vegetative structural heterogeneity may fluctuate across spatial 

and temporal scales.   
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TABLES 

Table 1. Cattle turnout and pull-off dates for grazed sites. Sites with unknown cattle grazing 

dates are labeled ND (no data). 

Site Treatment Days Grazed Before 
Early Sampling 

Days Grazed Before 
Late Sampling 

CO11 Grazed 7 65 
CO13 Grazed 2 53 
CO15 Grazed 0 53 
CO16 Grazed 0 33 
CO17 Grazed 0 ND 
CO19 Grazed 13 43 
CO22 Grazed 0 41 
CO27 Grazed 13 43 
KS02 Grazed 28 ND 
KS07 Grazed 27 66 
KS08 Grazed 23 62 
KS17 Grazed 27 82 
KS19 Grazed 39 92 
KS20 Grazed 35 ND 
KS28 Grazed ND ND 
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Table 2. Anova results showing effects of treatment and season on vegetation structure. VOR data was tested using a non-parametric 

align rank transformation. Df = 1 for all results. 

  Colorado Kansas 
Response Variable Explanatory Variable F P-value F P-value 

VOR Treatment 0.23 0.643 8.07 0.015 
 Season 7378.10 <0.001 6020.28 <0.001 
 Treatment*Season 1049.11 <0.001 675.39 <0.001 
Change in VOR Treatment 12.25 0.004 9.05 0.011 
  χ2 P-value χ2 P-value 
Heterogeneity Treatment 0.58 0.446 3.34 0.067 
 Season 19.33 <0.001 2.39 0.122 
 Treatment*Season 0.06 0.802 5.73 0.017 
Change in Heterogeneity Treatment 0.06 0.802 5.23 0.023 
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Table 3. Post-hoc pairwise comparisons for VOR and heterogeneity. 

  Colorado Kansas 
Response 
Variable Pairwise Comparison Estimate SE t-ratio P-value Estimate SE t-ratio P-value 

VOR Treatment Comparison          
 Early Season 113.14 169.67 -0.67 1.000 329.87 161.92 -2.04 0.129 
 Late Season 34.71 169.67 -0.20 1.000 473.57 161.93 -2.92 0.038 
 Season Comparison         
 Non-grazed -476.57 7.99 1423.00 <0.001 -366.85 7.22 -50.82 <0.001 
 Grazed -555.00 7.47 1423.00 <0.001 -223.15 7.20 -30.98 <0.001 
  Estimate SE z-ratio P-value Estimate SE z-ratio P-value 
Heterogeneity Treatment Comparison         
 Early Season -0.97 1.27 -0.76 0.446 4.87 2.66 1.83 0.068 
 Late Season -1.25 1.27 -0.98 0.326 9.80 2.93 3.34 0.001 
 Season Comparison         
 Non-grazed -3.59 0.82 -4.40 <0.001 -3.16 2.04 -1.55 0.122 
 Grazed -3.87 0.76 -5.07 <0.001 1.77 0.25 7.18 <0.001 
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Table 4. Anova showing the effects of mean VOR, treatment, and season on standard deviation 

of the VOR. Df = 1 for all results. 

 Colorado Kansas 
Factor χ2 P-value χ2 P-value 

Mean VOR 8.45 0.004 5.55 0.019 
Treatment 0.00 0.987 0.75 0.385 
Season 0.04 0.840 0.01 0.907 
Mean VOR:Treatment 0.01 0.916 3.03 0.082 
Mean VOR:Season 0.00 0.999 0.02 0.899 
Treatment:Season 0.08 0.777 3.01 0.083 
Mean VOR:Treatment:Season 0.00 0.955 4.34 0.037 
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Table 5. Variance partitioning results quantifying the variation in visual obstruction readings (VOR) explained by each factor. 

  Colorado Kansas 
Factor Type Variance (σ2) SD (σ) % Variance Variance (σ2) SD (σ) % Variance 

Treatment Fixed 2.44 1.56 1.38 85.15 9.23 7.92 
Season Fixed 15.19 3.90 8.58 50.75 7.12 4.72 
Treatment:Season Fixed 2.90 1.70 1.64 8.92 2.99 0.83 
Within Site Random 30.61 5.53 17.31 231.89 15.23 21.52 
Between Sites Random 31.44 5.61 17.77 223.87 14.96 20.77 
Residual - 94.34 9.71 53.32 476.86 21.83 44.24 

 

Table 6. Anova showing the effects of community dissimilarity and grazing treatment on heterogeneity. Df = 1 for all results. 

  Colorado Kansas 
Season Factor χ2 P-value χ2 P-value 
Early Community Dissimilarity 6.88 0.009 1.90 0.169 
 Treatment 0.44 0.509 0.24 0.545 
 Community Dissimilarity:Treatment 0.21 0.648 0.22 0.624 
Late Community Dissimilarity 1.37 0.242 0.14 0.668 
 Treatment 3.85 0.050 0.02 0.900 
 Community Dissimilarity:Treatment 4.86 0.027 0.26 0.612 

 

Table 7. Post-hoc pairwise comparisons for community dissimilarity and heterogeneity. 

State Season Treatment Estimate SE t-ratio P-value 
Colorado Late Non-grazed 36.8 6.93 5.316 <0.001 
  Grazed 11.0 9.43 1.169 0.270 
  Non-grazed - Grazed 25.8 11.7 2.206 0.052 
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FIGURES 

 

Figure 1. Hypothetical relationships between plant community height (PCH) and variability. 

Panel A) Predicted relationships across varying community compositions. Panel B) Potential 

grazing effects relative to an ungrazed control (black dot): 1) No change in mean PCH or 

variability; 2) Reduced mean PCH following the expected mean-variance scaling; 3) Reduced 

mean PCH with higher-than-expected variability; 4) Reduced mean PCH with lower-than-

expected variability. 
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Figure 2. Map of CP2 and CP25 sites in Kansas and Eastern Colorado. Targeted sample areas are 

indicated by overlaid circles. Credit: Evalynn Trumbo 

  



 
 

33 
 

 

Figure 3. Grazing treatments assigned to CRP fields for 2025. For data analysis, season-long and 

partial-season grazing treatments were combined into a singular “grazed” category due to low 

sample sizes and little differences in responses. 
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Figure 4. A representation of the data collected within the plot. Each dot represents a visual 

obstruction reading (VOR) measurement taken with a modified Robel pole. We also collected 

plant community composition data on transects A, E, and I in the early season and on transects C, 

G, and K in the late season, in Colorado. In Kansas, all community composition data was 

collected on transects A, E, and I due to an issue with the sampling protocol. 
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Figure 5. An image of the Robel pole used for data collection. Visual obstruction reading (VOR) 

measurements were recorded 4 m from the pole at a 1 m height. We recorded the lowest interval 

of the pole that was obstructed 50% or less in each of the four directions parallel to the plot 

edges. Credit: Greg Houseman 
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Figure 6. Violin plot of visual obstruction reading (VOR) measurements for each site. Each 

violin plot is composed of 48 observations. Sites are sorted in ascending order by median. Panel 

A indicates measurements for sites in CO; panel B indicates measurements for sites in KS. In 

each panel, the top row represents measurements in the early growing season, and the bottom 

row represents late growing season measurements.  
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Figure 7. A box plot depicting the change in VOR and heterogeneity values from the early to late 

growing season for each state and treatment. Each point represents a single site. The dashed line 

indicates 0, which represents no change between early and late season sampling. 
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Figure 8. A box plot depicting the VOR and heterogeneity values for each state, season, and 

treatment. Each point represents a single site.  
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Figure 9. Relationship between standard deviation and mean VOR in each state and season. Each 

point represents a single site.  
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Figure 10. Relationship between heterogeneity and plant community dissimilarity in each state 

and season. Each point represents a single site. Panel A represents CO, while panel B represents 

KS.  

 


