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INTRODUCTION

Figure 1. Cows on pasture at Coyote Ridge, Colorado (Photo credit: Anna Clare Monlezun)

Background 

Rangelands have been rapidly lost in the American West over the past few decades, giving rise to more invasive species
and less protection for rangelands in terms of biodiversity.  

Research shows that rangelands harbor a significant amount of plant species diversity, meaning that this land resource is
valuable to both the cattle industry and conservationists.

There is a disconnect between rancher knowledge and scientific understanding that has partially been attributed to the
lack of addressing human dimensions, such as management strategies.

Studies conducted on rangelands that explore long-term cattle grazing management are valuable due to grassland
ecosystem's biological changes over long time periods.

Grasslands are extensive ecosystems and cover nearly one‐third of the Earth's land area . Well-managed long-term
grazing can maintain native species integrity over the long term and contributes to the maintenance of grassland
ecosystems while supporting food production for growing populations.

Goals

To explore the outcomes of select range management and stewardship collaborations on ecological factors such as forage
nutritive quality and plant biodiversity.

To address a challenge on Colorado's Front Range where explosive population growth, conservation goals, public
recreation, and the agriculture industry compete for land resources.

Study Site

Four study sites are located along Colorado’s Northern Front Range and include Coalton Trailhead Open Space (CTO) in
Boulder County, Soapstone Prairie (SSN) and Coyote Ridge Natural Areas (CRN) in Larimer County, and Lowry Ranch (LRR)
in Arapahoe County (Figure 2).
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Figure 2. Map of the study area including the 4 Colorado Front Range study sites (Created in ArcGIS Pro cite)

Research Questions and Hypotheses

1. How do above-ground plant biodiversity indicators in terms of a) functional groups, b) native versus exotic species abundance,
and c) Shannon’s Diversity Index compare between grazed to ungrazed areas of government-owned conservation lands?  

We hypothesize that grazed areas will have (a) greater above-ground functional group plant biodiversity and (b) fewer
exotic species than excluded areas.

2. Does Normalized Difference Vegetation Index and forage nutritive quality, specifically (a) neutral detergent fiber, (b) acid
detergent fiber, and (c) crude protein, vary between grazed and ungrazed transects in Colorado's northern Front Range?

We hypothesize that Normalized Difference Vegetation Index values and forage quality will be higher in grazed plots compared
to ungrazed plots. It follows that neutral detergent fiber (NDF) and acid detergent fiber (ADF) will have lower values while crude
protein (CP) levels will be higher. 
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METHODS

Figure 3. Conceptual diagram of research methods reflecting project workflow and procedures for both biodiversity and forage quality research.

Field design and preparation was completed by Anna Clare Monlezun and involved the identification of the four study sites that
have been under consistent grazing management for a minimum of 7 years. Sites consist of six 50 m linear transects, four grazed
and two ungrazed, for a total of twenty-four transects. Transects were selected based upon similarities in soil texture and slope
and were placed at a minimum of 20 m from fence lines and water troughs. 

Biodiversity



4/19/2021 csu (iPosterSessions - an aMuze! Interactive system)

https://urs21-csu.ipostersessions.com/Default.aspx?s=75-59-22-59-9A-F4-1B-D9-69-11-07-94-B3-6F-F0-50&pdfprint=true&guestview=true 5/21

Field data collection was completed by Monlezun and a field technician using the Daubenmire cover class method to determine
canopy coverage.  20 cm x 50 cm quadrat frames were placed every 1 m with 50 subsamples collected per transect for a total of
300 subsamples per study site. 

Data were entered into Excel and arranged into origin groups (exotic and native) and functional groups (annual graminoids
(AnGram), cool-season graminoids (C3), warm-season graminoids (C4), forbs, and shrubs) by Arielle Collier. Excel data was
formatted for statistical analysis and performed in R by Arielle Collier.  A combination of univariate and multivariate statistical
methods was used to analyze data with a significance level of α = 0.05. 

Forage Quality

Field data collection for forage quality was completed by Monlezun and a field technician. Forage samples were collected by
clipping standing biomass at ground level and stored in individual bags. Six forage quality samples were collected per transect
within 0.25 m x 0.25 m frames at 8 m intervals, alternating sides of the transect and 2-10 m from each transect. Processing of
forage samples was completed by Monlezun and an animal sciences graduate student and involved oven drying, grinding, and
nutritive analysis using Near-Infrared Reflectance Spectroscopy (NIR). Forage data were entered into Microsoft Excel by Sophia
Thomas to isolate measures of crude protein (CP), neutral detergent fiber (NDF), and acid detergent fiber (ADF).

Normalized Difference Vegetation Index (NDVI) data for the year 2020 were downloaded from Climate Engine and processed
in ArcGIS Pro.  Fifty random points were generated for each grazed transect and ten were generated for each ungrazed
transect. NDVI values were derived from each point. Statistical analysis (α = 0.05) of on-the-ground data (CP, ADF, NDF values)
and NDVI data were performed in R by Thomas.  

6

7

6



4/19/2021 csu (iPosterSessions - an aMuze! Interactive system)

https://urs21-csu.ipostersessions.com/Default.aspx?s=75-59-22-59-9A-F4-1B-D9-69-11-07-94-B3-6F-F0-50&pdfprint=true&guestview=true 6/21

Figure 4. Anna Clare Monlezun drawing a 50m transect for data collection at Coalton Trailhead, Colorado. 
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RESULTS

Biodiversity Results

A combination of t-tests, Analysis of Variance (ANOVA), Non-metric Multi-dimensional Scaling (NMDS), and Permutational
Multivariate Analysis of Variance (PerMANOVA) were used for the biodiversity analysis. Figures 5, 6, and 7 provide various
illustrations of the differences in cover for origins and functional groups.

Figure 5. Chart of the average cover of functional groups including AnGram (annual graminoid), C3 (cool-season graminoids), C4 (warm-season graminoids),

Forbs, and Shrubs by treatment (grazed and ungrazed), and site (CRN, CTO, LRR, and SSN). Created in Microsoft Excel Version 2103.

Figure 6. Chart results of the average cover of exotic and native species by treatment (grazed and ungrazed) and site (CRN, CTO, LRR, and SSN). Created in

Microsoft Excel Version 2103.



4/19/2021 csu (iPosterSessions - an aMuze! Interactive system)

https://urs21-csu.ipostersessions.com/Default.aspx?s=75-59-22-59-9A-F4-1B-D9-69-11-07-94-B3-6F-F0-50&pdfprint=true&guestview=true 8/21

Figure 7. Chart results of the average cover of functional groups including AnGram (annual graminoid), C3 (cool-season graminoids), C4 (warm-season

graminoids), Forbs, and Shrubs by origin (exotic vs native), treatment (grazed and ungrazed), and site (CRN, CTO, LRR, and SSN). Created in Microsoft Excel

Version 2103.

 

A t-test was performed to test for statistical difference in mean Shannon's Diversity Index (SDI) in grazed and ungrazed areas.
Results indicated that SDI was not statistically different  (p=0.90) (Table 1).

Table 1. T-test results for treatment effect on Shannon's Diversity Index (SDI). Statistical analysis was conducted in R version 4.0.3.

 

An ANOVA was performed to test for statistical differences for SDI between grazed and ungrazed areas and among sites. Results
indicated that SDI was not statistically different between grazed and ungrazed areas (p=0.87), yet SDI varied statically among
sites (p=0.01) (Table 2).

Table 2. ANOVA results for treatment and site effect on Shannon's Diversity Index (SDI). Statistical analysis was conducted in R version 4.0.3.

 

Several prominent patterns were exemplified from the scatterplot of the first 2 dimensions, NMDS1 and NMDS2 (Figure 8).
SSN cluster is highly correlated with the native species vector while the CTO cluster is correlated with the exotic species vector.
CRN has the most dissimilarity among transects based on the distance between points. The three remaining sites show closer
clustering of points indicating more similarity among transects.
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Figure 8. Scatterplot of 2 axes, NMDS1 and NMDS2, resulting from a 3-dimensional NMDS analysis of plant species distribution on 4 study sites (CRN, CTO,

LRR, SSN) with 4 grazed and 2 ungrazed transects correlated with  8 gradients (blue) Shannon’s Diversity (Shannon), functional groups (AnGram (annual

graminoid), C3 (cool-season graminoids), C4 (warm-season graminoids), Forbs, and Shrubs) and origin groups (Exotic and Native). Created in R version 4.0.3

 

The scatterplot of dimensions NMDS1 and NMDS3 (Figure 9) exemplify that sites SSN and LRR cluster on the right of the
scatterplot in the direction of C4 warm-season graminoids vector indicating more C4 cover than other sites. CRN and CTO both
cluster on the left of the scatterplot in the direction of the forbs vector indicating higher forb coverage than the other sites. 

Figure 9. Scatterplot of 2 axes, NMDS1 and NMDS3, resulting from a 3-dimensional NMDS analysis of plant species distribution on 4 study sites (CRN, CTO,

LRR, SSN)  with 4 grazed and 2 ungrazed transects correlated with 8 gradients (blue) Shannon’s Diversity (Shannon), functional group (AnGram (annual

graminoid), C3 (cool-season graminoids), C4 (warm-season graminoids), Forbs, and Shrubs) and origin groups (Exotic and Native). Created in R version 4.0.3
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Vectors of origin groups and functional groups were overlaid in the NMDS ordination and showed notable relationships with the
plant species patterns as 6 of the 8 vectors resulted in statistically significant results (p≤0.05) indicating that these groupings are
highly correlated with plant species composition (Table 3).

 

Table 3. NMDS vector results of functional groups (AnGram (annual graminoid), C3 (cool-season graminoids), C4 (warm-season graminoids), Forbs, and

Shrubs) for 2 ordinations: axes 1 and 2 (figure 8) and axes 1 and 3 (Figure 9). Statistical analysis was conducted in R version 4.0.3.

 

PerMANOVA results indicated that species composition was not statistically different in grazed and ungrazed areas (p=0.63) but
varied statically among sites (p<0.01) (Table 4). Functional group results did not show statistical differences between grazed and
ungrazed areas (p=0.96) but varied statically among sites (p<0.01). Origins results did not show statistical differences between
grazed and ungrazed areas (p=1.00) but varied statically among sites (p<0.01).

Table 4. PerMANOVA results that tested differences between treatments and among sites for 3 variables: Species composition, Functional group composition, and

origins abundance. Statistical analysis was conducted in R version 4.0.3.

 

Forage Quality Results

Forage quality comparisons were made using measures of NDVI and nutrient content (CP, ADF, and NDF). 

T-test results indicated that there was a statistically significant difference between mean NDVI in grazed and ungrazed areas
across all sites cumulatively (p=0.04) (Figure 10). However, on a site-by-site basis, only SSN and CRN showed significant
differences in NDVI between grazed and ungrazed areas (p<0.01) (Table 5) (Figure 11). 

For CP, ADF, and NDF, cumulative results indicated that the differences in means were not statistically significant
(p>0.05) (Table 5) (Figure 12).

Table 5. T-test results for grazed and ungrazed areas on four government-owned sites. Normalized Difference Vegetation Index (NDVI) was analyzed on a site-by-

site basis and cumulatively across all sites. crude protein (CP), acid detergent fiber (ADF), and neutral detergent fiber (NDF) were analyzed cumulatively across all

sites.  Statistical analysis was performed in R version 4.0.3.
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Figure 10. Box plot of the results of a t-test for Normalized Difference Vegetation Index (NDVI) across four government-owned land sites. Outliers are shown

in dark grey. Statistical analysis was conducted in R version 4.0.3.

 

Figure 11. Aggregated plot of four t-test box plots showing Normalized Difference Vegetation Index (NDVI) across four government-owned land sites.

Statistical analysis was conducted in R version 4.0.3.
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Figure 12. Aggregated plot of three t-test results showing crude protein (CP), acid detergent fiber (ADF), and neutral detergent fiber (NDF) across four government-

owned land sites. Outliers are presented in a dark grey. Statistical analysis was conducted in R version 4.0.3.

 

ANOVA results indicated that there was a statistically significant difference in mean NDVI between grazed and ungrazed areas
as well as among sites (p<0.01). This aligns with t-test results. 

For CP, ADF, NDF, differences in means were statistically significant among sites (p<0.05) but not between grazed and ungrazed
areas (p>0.05). 

Table 6. ANOVA results for grazed and ungrazed areas on four government-owned sites. Each variable (Normalized Difference Vegetation Index (NDVI), crude

protein (CP), acid detergent fiber (ADF), and neutral detergent fiber (NDF)) was analyzed cumulatively across all sites. Statistical analysis was performed in R

version 4.0.3.
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Figure 13. Aggregated plot of four ANOVA results showing Normalized Difference Vegetation Index (NDVI) across four government-owned land sites.

Statistical analysis was conducted in R version 4.0.3.

 

Figure 14. Aggregated plot of three ANOVA results showing crude protein (CP), acid detergent fiber (ADF), and neutral detergent fiber (NDF) across four

government-owned land sites. Statistical analysis was conducted in R version 4.0.3 .

 

The following map illustrates NDVI comparisons between grazed and ungrazed areas on each study site. This comprehensive
layout will be used as a communication piece to stakeholders regarding this aspect of the analysis (Figure 15).
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Figure 15. Map layout of Normalized Difference Vegetation Index (NDVI) from grazed and ungrazed areas on four government-owned lands on the

Colorado Front Range. Created in ArcGIS Pro (2020).
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DISCUSSION

Figure 16. Collage containing a picture of each site reflecting the unique characteristics of the sites.

Biodiversity

The purpose of the biodiversity analyses was to determine if native versus exotic species abundance, species composition by
functional group, and Shannon’s Diversity Index would differ between grazed and ungrazed areas. The results indicated that
there were no differences in these indicators of above-ground biodiversity. In other words, long-term grazing did not alter plant
biodiversity compared to areas that had been protected from grazing. This finding supports the use of cattle grazing as a
conservation strategy, since grazed areas may maintain similar biodiversity indices, native versus exotic species abundance, and
functional group composition, as ungrazed areas.

While biodiversity variables did not differ between grazed and ungrazed areas, there were statistical differences in functional
groups, native versus exotic species abundance, species composition by functional group, and Shannon’s Diversity Index among
study sites. 

Raw data illuminated that plant species composition among the four sites differed in terms of native and exotic species, although
these differences were not determined to be statistically significant. For example, SSN and LRR showed higher abundances of
native species  (Figures 6 and 7). It was also noted that these same sites showed a greater presence of C4 graminoids than CRN
and CTO (Figures 5 and 7). Meanwhile, sites CTO and CRN showed a higher abundance of exotic species, forbs, and annual
graminoids (Figures 5, 6, and 7). 
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Figure 17. Scotch Thistle (Onopordum acanthium) at Lowry Ranch. Scotch Thistle is a noxious weed that nearly eliminates forage use by livestock (Adams County

Extension. n.d.).

Forage Quality

The purpose of the forage quality analyses was to determine if NDVI and forage nutritive quality, specifically CP, ADF, and NDF
would differ between grazed and ungrazed areas. While only two of the four sites showed statistical differences in NDVI when
analyzed on a site-by-site basis, on a cumulative basis across all sites, NDVI was significantly higher in grazed areas compared
to ungrazed areas. This result supported our hypothesis that forage quality would be higher in grazed areas compared to ungrazed
areas.

Regarding forage nutrient content, raw values showed a trend toward higher CP, lower ADF, and higher NDF in grazed versus
ungrazed areas. However, statistical results indicated that these differences were not significant. This did not support our
hypothesis that grazed areas would have higher forage quality. 

Forage quality was examined using both geospatial data (NDVI) and traditional field data (CP, ADF, NDF). Results were not
consistent among the two data types. This discrepancy is an important point for future research. 

General Points of Interest

Results of this study indicate that long-term grazing has had no effect on biodiversity and forage nutrient content, yet has
improved forage quality as measured by NDVI.  These findings suggest that grazing management on these sites has not adversely
affected plant community composition nor forage quality. In turn, these results support the use of collaborative grazing
management for rangeland conservation.
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Results reflecting more dissimilarity among sites than between treatments speak to the high heterogeneity and unique ecosystem
dynamics of grasslands. While efforts were taken to reduce biological variability through careful transect location selection and
similar soil and topographical characteristics, other factors such as transect location, existing site management, and
geomorphological conditions could explain the differences among sites. That is, differences in biodiversity and forage quality
were clear among sites supporting the necessity for dynamic, site-specific collaborative management to ensure the needs of each
location are appropriately met. 

The second year of data replicating the methods of this study will be collected in the summer of 2021, representing a different
combination of environmental conditions. The data from 2020 and 2021 will be integrated into a system dynamics model along
with data from a social science component where the human dimension (stakeholder values and beliefs) will be studied.
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CONCLUSION AND ACKNOWLEDGMENTS
This study investigated ecological outcomes of collaborative grazing management on select Colorado conservation
lands in terms of forage nutritive quality and plant species composition. A combination of univariate and multivariate
statistical analyses was performed. Additionally, ArcGIS was utilized to perform further exploration into indicators of
forage quality. Results have led us to several conclusions:

1. This study sampled 4 locations along Colorado’s Front Range, and due to resource constraints, a certain number of
transects were used to collect data. This resulted in a relatively small sample size, which we consider a limitation to the
study. Samples may not have been adequately representative of each study site. 

2. An additional challenge of this study was generalizing across different historical land management approaches among
study sites. Various approaches across time may have introduced confounding variables, such as the introduction and
management of exotic species. Overall, the nature of grassland ecosystems is highly heterogeneous making
controlled scientific studies difficult due to variability from site to site, despite measures taken to create comparable
study areas.

3. Other research has shown that grazed lands have higher heterogeneity and biodiversity than comparative areas that were
excluded from grazing.  Biodiversity is vital for a healthy ecosystem as it improves the resistance, resilience,
productivity, and stability of grasslands and reduces weed invasion.  It also promotes niche complementarity which
utilizes differing spatial and temporal scales, in turn extending the grazing season. Forage quality also has crucial
importance for wildlife and livestock because it affects nutrient intake, which in turn impacts animal health, weight gain,
and reproductive success. This study offers additional important findings on rangeland biodiversity and forage
quality that may inform policy, private landowners, and multi-use landscape management. Government-owned lands
along Colorado’s Front Range manage a precarious balance between land conservation, recreation, and agricultural use.
By utilizing site-specific collaborative grazing management, Colorado may develop more resilient and sustainable
rangelands while supporting food production for growing populations.

 

Figure 18: Government land stakeholders at Soapstone Prairie Natural Area, Colorado.
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Figure 19: Sponsors and Partners of this study.
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ABSTRACT
Even the best ranching methods have been frequently contested by conservation and business sectors due to contradictory or
incomplete relevant studies and mounting stress caused by rapidly shrinking ranchlands. Many decades of research have
proven that grazing animals play a critical role in ecosystems. This study incorporates this premise of grassland ecology with
experimental results to determine the links between grazing animals and grasslands in Colorado. This study also examines the
ecological and social implications of select range management and stewardship collaborations and addresses major ranchland
and conservation concerns and controversial techniques. We used a combination of research methods and remotely sensed
data at four Colorado Front Range locations to compare the effects of grazing on plant diversity and forage quality. We expect
that grazed lands will have greater above-ground functional group plant biodiversity and lower invasive species abundance.
We also expect that grazed lands will have higher forage quality as indicated by increased crude protein levels and lower
values of acid and neutral detergent fiber. We aim to inform research partners and stakeholders on the results to improve
collaborative management and subsequent decision-making among public land managers and rancher lessees.
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