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INTRODUCTION 

Could conceptualizing cattle as partners in conservation be a win-win for the livestock and rangeland 
conservation sectors, resolving the [often] paradoxical objectives of food production and natural resource 
management? For millennia the ecology of western grasslands and rangelands, characterized by high 
quality forage and profuse biodiversity, has supported large herds of herbivores, and in turn herbivory has 
contributed to the maintenance of those ecosystems over time (Bell 1971; Gibson 2009). However, a 
debate over the use of public grasslands for cattle grazing is ongoing at local, national, and global levels 
(Brunson and Huntsinger 2008; Curtin et al. 2002; Donahue 1999; Provenza et al. 2013; Timmins 2002). 
Amplifying the issue for conservationists and livestock producers alike is the notion that more land is 
used to raise cattle than is used for all other agricultural production combined (World Wildlife Fund).  

To learn more about the collaborative grazing management that occurs across much of 
Colorado’s Rocky Mountain rangelands, we will conduct a holistic investigation of four partnerships 
between private ranchers and public land managers in the Front Range Foothills over a 2-year period. We 
will address the sustainable management of these rangelands as a complex social-ecological system where 
livestock production and natural resource conservation are woven together in a tapestry of management, 
culture, and science. We will quantitatively and qualitatively evaluate three system components - 
ecological, economic, and social (Figure 1), at three scales of study – micro (transect), mid (study site), 
and macro (region) – to answer our overarching question: How do strategic grazing partnerships on 
multi-use public landscapes achieve the dual goals of assisting land management agencies with natural 
resource conservation, and ranchers with maintaining sustainable beef production?  

Themes to be explored include soil health, plant biodiversity, forage nutritive quality, ecosystem 
services, socio-cultural values, and system dynamics. Results will be used to support collaborating 
ranchers and public lands agencies by informing how cattle may be managed as tools for conservation 
while producing a sustainable food product. Results from this project will also inform the creation of an 
integrated model to broaden applicability beyond our local region to rangeland management in other 
dryland regions that support extensive livestock operations.  
 

 
Figure 1. Conceptual diagram of ecological, economic, and social components of the grazing 
management partnerships study. 



 
RESEARCH QUESTIONS 
 
The following research questions are integrated within the holistic, three-component research model and 
will be investigated at various scales of study (Figure 2): 
 

1. Does collaborative grazing management on public lands improve soil health as 
measured by levels of a) organic carbon, b) nitrogen, and c) water infiltration? 

2. Does collaborative grazing management on public lands increase above-ground 
biodiversity as measured by a) plant species diversity (richness and evenness), and b) 
composition (functional groups)? 

3. Does collaborative grazing management on public lands improve forage nutritive 
quality as measured by a) crude protein, b) acid detergent fiber, and c) neutral detergent 
fiber? 

4. What are the unique sets of values and perspectives toward ecosystem services among 
collaborative grazing management stakeholders, and how does the prioritization of these 
values drive dynamic decision-making?  

 

 
Figure 2. Patterns and processes of collaborative grazing management across 3 spatial scales. Patterns 
are the outcomes our study will seek to identify. Processes are the biotic and abiotic factors and trophic 
dynamics affecting these patterns. 

 
METHODS 
 
Four Colorado Front Range multi-use conservation areas that include cattle grazing leases in their 
management plans have been selected for this study: Coalton Trailhead Open Space in Boulder County, 
Soapstone Prairie and Coyote Ridge Natural Areas in Larimer County, and Lowry Ranch in Arapahoe 
County. Partnerships with land manager and producer stakeholders have been established in all four study 
locations.  
 
Ecological Component: Field Sampling  
A total of six, 50 m linear transects will be identified on each of the 4 study sites. At least 4 transects will 
be randomly located in areas under current grazing management (grazed transects), and 2 transects will be 
located in areas that have been excluded from cattle grazing for a minimum of 5 consecutive years 

Ecological 

Economic Socio-Economic 



(excluded transects). Transect locations will be selected based on similarities of slope and soil texture 
across study sites and will be placed with adequate distance, at least 20 m, to fence lines or water troughs 
to reduce the effects of heavier hoof traffic around those areas. Soil and plant species data will be 
collected during peak vegetative growth for 2 consecutive years (2020 and 2021). Forage quality data will 
be collected once per year in early summer, just prior to the scheduled grazing season for 2 consecutive 
years (2020 and 2021). 

Soil: To test the hypothesis that collaborative grazing management on public lands will improve 
soil health as indicated by levels of organic carbon, nitrogen, and water infiltration, samples will be 
collected to a 20cm depth, using a 2 cm diameter dryland soil core probe. Soil cores will be extracted 
from one random location within a 20 cm x 50 cm quadrat placed perpendicularly at 10 m intervals on the 
right of each transect and at a 0.50 m distance from the transect. The first placement will be randomly 
selected between 0-100 cm. Each core will be divided into 2 sub-cores 0-10 cm and 10-20 cm to be 
processed individually for a total of 10 subsamples per transect (5 at each depth).  

Water infiltration will be calculated using the single-ring infiltrometer method to test the 
hypothesis that grazing management on public lands will improve hydrologic function (Johnson 1991). A 
30.48 cm diameter ring will be placed at 10 m intervals, adjacent to each soil sampling quadrat, for a total 
of 5 subsamples per transect. Using a graduated cylinder, 888 mL of water will be poured into the ring to 
create a 5 cm depth. Infiltration rates will be measured as depth of water per unit of time. 
 Biodiversity: To test the hypothesis that collaborative grazing management will improve above-
ground biodiversity, the Daubenmire cover class method will be used to collect data on plant species 
richness, evenness, and composition by functional group (Coulloudon et al. 1999). Along the right side of 
each 50 m transect a random point between 0-100 cm will be selected for the placement of the first 20 cm 
x 50 cm frame. Consecutive frames will be placed every 1 m thereafter for a total of 50 subsamples per 
transect. The rectangular frames will be placed perpendicular to the transect to improve capture of 
biological variability. Canopy cover class will be determined in each frame, and the mean value of each 
class range will be entered into statistical analysis. Bare ground, litter, and manure will be notated in 
sampling when applicable. Standardized photo points will be taken at each transect end looking toward 
the transect, and over each Daubenmire frame from a 1 m height. 
 Forage Quality: To test the hypothesis that collaborative grazing management will improve 
forage nutritive quality as indicated by 3 components (crude protein, acid detergent fiber, and neutral 
detergent fiber), 6 forage quality samples will be collected within 0.25 m x 0.25 m frames at random 
locations 2-10 m from each transect. All standing biomass rooted within the frame will be clipped at 
ground level. Each sample will be stored in individual paper bags. 
 
Ecological Component: Lab/Data Analysis  

Soil: Samples will be stored in individual bags, air-dried for a minimum 2 weeks, then finely 
ground using a mechanical porcelain pestle. Samples will be analyzed for percent total carbon and percent 
total nitrogen as determined by combustion analysis using LECO instrumentation (Nelson 1982) available 
in Colorado State University’s (CSU) NREL EcoCore facility. Inorganic carbon will be analyzed using 
the method of gravimetric determination of calcium carbonate (Burt 2004), in CSU’s Soil, Water, and 
Plant Testing Laboratory. Percent inorganic carbon will be subtracted from total carbon to determine 
percent organic carbon. Raw data from quadrats will be treated as subsamples and averaged across each 
transect. T-tests will be used to compare estimates of soil organic carbon, nitrogen, and water infiltration 
rates in grazed versus ungrazed areas, within and between study sites, for each year of data collection. 

Biodiversity: Raw data from Daubenmire frames will be treated as subsamples and averaged 
across each transect. Canopy cover class data will be used to characterize plant species composition by 
functional group (i.e. exotic vs. native species, graminoids vs. forbs). Nonmetric Multidimensional 
Scaling (NMDS) with environmental and management variables will be fit to ordination plots comparing 
plant community composition in grazed and ungrazed areas within and between the 4 study sites (Wilmer 
et al. 2018). The Shannon diversity index will be used to characterize biodiversity using plant species 
richness and evenness estimates. T-tests will be used to compare biodiversity indices in grazed versus 



ungrazed areas, within and between study sites, for each year of data collection.  
Forage Quality: Samples will be oven-dried at 55°C for a minimum of 3 days, ground to pass 

through a 2-mm sieve using a Wiley Model 4 grinder.  Samples will be ground a second time to pass 
through a 1-mm sieve using a Foss Tecator Mode l093 Cyclone Mill.  These finely ground samples will 
then be analyzed with Near Infrared Reflectance Spectroscopy (NIR) using a Spectrastar XT 2600 XT-R, 
Reflectance monochromator (680 –2600 nm) with Rotating Top Window Configuration built in Windows 
7 computer with 17" touch screen, UScan software, with multi cup adapter and ISI ring cup/powder cup 
adapter.  NIR will be calibrated for detection accuracy using the results of a sample subset analyzed by 
wet chemistry.  Sample preparation and NIR analyses will be conducted in CSU’s Department of Animal 
Sciences’ Nutrition Lab. T-tests will be used to compare estimates of crude protein, acid detergent fiber, 
and neutral detergent fiber in grazed versus ungrazed areas, within and between study sites, for each year 
of data collection. 

 
Socio-Economic Component  
To evaluate the human dimension of collaborative grazing management, we will combine two methods 
that are etablished in the literature of social-ecological systems, Q-methodology and system dynamics 
modeling. The synthesis of these two methods will provide a novel application, integrating the human 
dimension of natural resource management through the use of stakeholder-driven research and the 
creation of social narratives. The goals of combining these methods are to: 1) integrate stakeholder-
derived values and knowledge into the research process, 2) increase contextualization of the research 
results for relevancy and reduce researcher bias, 3) elucidate diverse values inherent in collaborative 
conservation, 4) understand the social-ecological complexities in collaborative grazing systems and their 
influence on ecosystem services management, and 5) develop an applied, context-specific, and dynamic 
tool to aid stakeholders in consensus-building, co-learning, and collaborative decision-making. 
 To capture the dynamics of management and decision-making from the perspectives of diverse 
stakeholders within these collaborative grazing systems, we will include from each site: 3 rancher/cattle 
managers, 1 land management agency technician, 1 land management agency supervisor/manager, 1 
district conservation specialist, and 6 public lands recreators. Stakeholder participants will be selected 
using purposive sampling, a nonprobability technique appropriate for in-depth research pertaining to 
complex socio-cultural domains. Q-methodology and system dynamics modeling will be the vehicles to 
engage stakeholders in the investigative process. Five steps of the 6-step Q-methodology phase will take 
place during the term of this scholarship (Figure 3). The final Q-methodology step and the system 
dynamics modeling phase will be carried out in the following year.  
 

 
Figure 3. Six steps of Q-methodology process utilized in research study.   

1. The first focus group session will be used to collect information for the development of the Q 
concourse (Armatas et al. 2014; Webler et al. 2009). The researcher will also use other expert knowledge 
and background research to formulate the Q concourse, where statements will be organized into 3 
ecosystem services categories: benefits to humans, benefits to the nature, and benefits to both humans and 
nature. These categories coincide with recent ecosystem service valuation theory and have been adapted 
to the context of this study (Jacobs et al. 2016; Pascual et al. 2017).  
2. The Q concourse will then be condensed to the final Q set of statements (Webler et al. 2009). While the 
Q set will be organized and analyzed in the context of ecosystem services, researchers will use language 
that is accessible to a diverse stakeholder group, so that the concepts are framed in non-technical, non-
scientific language, and accessible to a broad spectrum of participants.  



3. The second stakeholder session will entail the Q sort process, where each stakeholder will have the 
opportunity to complete their unique prioritization of statements and rank relative values from the Q set 
(Armatas et al. 2014; Webler et al. 2009). Q set items will be presented on individual cards that will be 
colored-coded according to their ecosystem service category. The Q sort will be facilitated individually, 
allowing each stakeholder to focus on his/her own opinions and perspectives without the influence of 
group dynamics.  
4. Within four weeks of the Q sort process, semi-structured exit interviews with be conducted with each Q 
participant so that more details about each unique Q sorting process can be understood and clarified 
(Armatas et al. 2014; Roberts et al. 2020).  
5. The Q sorts will then be analyzed using factor analysis and the software, MQMethod (Webler et al. 
2009). This will illuminate how various values are prioritized among stakeholders. The factor analysis 
will also demonstrate which ecosystem services are valued similarly or dissonantly among stakeholders. 
Examining the prioritization of the 3 ecosystem services categories (benefits to humans, benefits to the 
nature, and benefits to both humans and nature) will add a thematic dimension to the interpretation of the 
results, answering the question: “Do stakeholders tend to place higher value on ecosystem services that 
benefit humans or that benefit nature?” This step will be important in understanding the value basis for 
management decision-making made to support either benefits to humans or benefits to nature. 
6. A third focus group session will be used to present the results of the factor analysis. With facilitated 
discussion of Q results, stakeholders will be encouraged to create a social narrative, incorporating areas of 
discord and consensus. This narrative will be used to identify dynamics and interactions among 
ecological, economic, and social values within the stakeholder group that will then be used for system 
dynamics modeling.   
 System dynamics modeling will build upon and integrate the qualitative and quantitative context-
specific variables derived from Q-methology and ecologial field data to generate and visualize 
management alternatives that will ultimately aid in adaptive and integrated decision-making (Costanza 
and Voinov 2001; Rhoades et al. 2014; Turner et al. 2013). Stakeholder values and priorities will be 
inserted as stocks (variables) into a dynamic systems model. Stakeholder knowledge and opinions 
regarding interactions between stocks in the system will be used to label flows (dynamics), which will 
predict the outcomes of system manipulation. This will contribute to the devlopment and building phases 
of the systems model (Turner et al. 2013). The model will be created using the software, Stella® 

(Richmond and Peterson 1985).  
 A fourth stakeholder focus group will be held at the completion of the systems model building 
phase. The stakeholder group will be presented with the model and asked to verify and validate the 
dynamics of the model based on their local knowledge and expertise about the grazing system. This will 
contribute to the calibration phase of system dynamics modeling (Turner et al. 2013). Following this 
stakeholder meeting, researchers may choose to modify model dynamics between various stocks and 
flows so that it most accurately reflects the real system. A final comprehensive workshop with each 
stakeholder group will take place at the conclusion of the study. This will provide an opportunity for 
researchers to present findings and discuss applicability, further integrating the research process with 
stakeholder experience in an atmosphere of solution-focused co-learning.  
 
Statistical Analysis Overview 
  Statistical analyses will be performed in the latest version of R (R Core Team 2019). A block 
effect of transect and study site will be incorporated to account for biological variability from one location 
to another. Within-block and between-block effects will be investigated. Linear mixed models (LMMs) 
will be used to compare effects of grazed versus un-grazed areas by determining differences in the means 
of soil, plant, and forage quality variables, as well as evaluating variability and range measures. The 
approach to linking quantitative data and qualitative grazing management data will be based on the 
methods of Wilmer (2018) which utilizes Non-Metric Multidimensional Scaling, ordination plots, and 
LMMs customized for the specific research questions. 
 



EXPECTED OUTCOMES 
 
A Model for Collaborative Conservation 
 Our study offers a scientific program that fosters stakeholder solidarity through interdisciplinary 
collaboration between multiple academic departments, local producers, and government agencies. We 
intend that our model will constructively impact collaborative conservation efforts on local, regional, and 
potentially global levels. This study will address, holistically, socioecological grazing systems through 
scientific evaluation of collaboratively managed landscapes. Based on the results of our research, we will 
create a model for collaborative grazing management, which can be applied to other locations working on 
the balance of natural resource conservation and food production.  
 
Addressing Current Issues in Science 
 By evaluating the ecological indices of soil health, biodiversity, and forage quality in locations 
that have been managed under cattle grazing compared to areas that have been excluded from it, we will 
better understand if cattle grazing can be an effective means of attaining natural resource conservation 
goals and contribute to the sustainability of grazing lands along the Rocky Mountain Front Range. Using 
semi-quantitative and qualitative data from stakeholders, we will also correlate these ecological effects 
with values, perceptions, and management decision-making strategies. This convergence of the socio-
ecological aspects of grazing management is essential for understanding the dynamics of sustainable 
grazing systems.   
 Livestock agriculture, especially beef production, is often discussed in terms of greater global 
concerns such as greenhouse gas emissions and climate change. Offsetting emissions by carbon 
sequestration and nitrogen management have become key strategies in mitigation. Maintaining healthy 
grassland ecosystems contributes to this strategy. In fact, of all land-based agricultural solutions to 
climate change, managed grazinglands and silvopasture have the greatest potential impact on reducing 
greenhouse gases on a global scale, outperforming other food production strategies such as conservation 
agriculture, regenerative annual cropping, agroforestry, farm irrigation efficiency, or intensification 
methods for rice or bamboo (Hawken 2017).The inclusion of total nitrogen and organic carbon as 
variables in our study adds another valuable data set to this body of science. Our evaluation will address 
the popular dilemma of how to engage in natural resource conservation and climate change mitigation 
while producing enough food for growing global populations. 
 
Social Learning and Local Impacts 
 A vital aspect of this study involves stakeholder participation. Through bi-annual meetings and 
interviews, land managers and ranchers will be involved in the research design and investigation 
processes. Local knowledge shared by stakeholders will form the basis of our qualitative narrative. 
Regular communication during overlapping grazing seasons and data collection periods will also be 
important for research integrity. Comprehensive workshops with stakeholder groups from each study site 
will take place at the conclusion of the study. This will provide the opportunity for researchers to present 
findings and discuss applicability with local partners. It is our hope that results may be extrapolated to 
positively impact the collaborative grazing management of our research partners, and potentially to 
regional and broader conservation efforts.  
 
 
FUNDING PROGRESS 
 
McIntire-Stennis Grant   Submitted February 2018  Not awarded 
USDA Western SARE   Submitted January 2019   Not awarded  
Boulder County Nature Association Submitted February 2019  Not awarded 
*Colorado Mountain Club Foundation Submitted April 2019   Awarded $500 
*NRCS EQIP Grant   Submitted May 2019   Awarded $3,000  



*Francis Clark Scholarship  Submitted June 2019   Awarded $2,413 
*NREL ESS Travel Grant  Submitted October 2019  Awarded $250 
*NREL ESS Teaching Assistantship  Submitted November 2019  Awarded $1,820/mo 
Boulder County Nature Association Submitted February 2020  Not awarded 
USDA Western SARE   Submitted February 2020  Pending 
Bohart Conservation Scholarship Submitted March 2020   Awarded $1,800 
National Science Foundation DDIG Expected Submission, June 2020 In writing stage 
 
*  The Colorado Mountain Club funded the purchase of an iPad and iPencil, which will be used for field data collection, surveys, 
and interviews. The NRCS EQIP Grant will fund researcher time, travel, and laboratory expenses necessary to conduct data 
collection at the Soapstone study site. The Francis Clark Scholarship will fund the purchase of field equipment and soil 
laboratory analyses for one study site. The NREL Travel Grant will fund registration fees and travel to the 2020 Annual Society 
for Range Management Conference. The NREL ESS Teaching Assistantship will fund tuition and provide salary toward field 
time for the Spring 2020 semester. The Bohart Scholarship fund the purchase of field equipment and forage laboratory analyses 
for two study sites. 
 
 
RESEARCH COLLABORATORS 
 
Colorado State University Research Team 
PhD Student: Anna Clare Monlezun, MS, MA, Department of Ecosystem Science and Sustainability, 
College of Natural Resources 
 
Primary Advisor: Dr. Stacy Lynn, Research Scientist, Natural Resource Ecology Laboratory, Warner 
College of Natural Resources 
 
Graduate Committee Member: Dr. Randall Boone, Research Scientist, Natural Resource  
Ecology Laboratory, Warner College of Natural Resources 
 
Graduate Committee Member: Dr. Ryan Rhoades, Extension Beef Specialist, Associate Professor, 
Department of Animal Sciences, College of Agriculture 
 
Graduate Committee Member: Dr. Jennifer Solomon, Assistant Professor, Human Dimensions of Natural 
Resources, Warner College of Natural Resources 
 
Site #1 Coalton Trailhead Open Space 
Blake Cooper, Agricultural Resources Manager, Boulder County Parks and Open Space 
Chase Dryden, Agricultural Resources Technician, Boulder County Parks and Open Space 
William Hogan, Rancher, Dally Round Ranch, Boulder County 
Kari Sever, Soil Scientist, Natural Resource Conservation Service, USDA, Fort Collins, CO 
 
Site #2 Soapstone Prairie Natural Area 
Matthew Parker, Resource Management Crew Chief, Natural Areas Department, City of Fort Collins 
Justin Fredrickson, Land Management Technician, Natural Areas Department, City of Fort Collins 
William Altenburg, Rancher, Folsom Grazing Association, Larimer County 
Sylvia Hickenlooper, Soil and Range Conservationist, Natural Resource Conservation Service, USDA 
Kari Sever, Soil Scientist, Natural Resource Conservation Service, USDA, Fort Collins, CO 

 
 
 



Site #3 Coyote Ridge Natural Area 
Matthew Parker, Resource Management Crew Chief, Natural Areas Department, City of Fort Collins 
Justin Fredrickson, Land Management Technician, Natural Areas Department, City of Fort Collins 
Quinn McElwee, Rancher, Rockin 4 Lazy M Ranch, Larimer County 
Kari Sever, Soil Scientist, Natural Resource Conservation Service, USDA, Fort Collins, CO 
 
Site #4 Lowry Range 
William Woolston, North Central District Research Specialist, Colorado Land Board 
Nick Trainor, Rancher, Trainor Cattle Company, Lowry Ranch 
Kimberly Diller, Ecological Site Specialist, Natural Resource Conservation Service, USDA 
Andy Steinert, Soil Scientist, Natural Resource Conservation Service, USDA, Fort Morgan, CO 
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