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Introduction 

Personal Background 

 My lifelong admiration of nature and wildlife led me to study natural resource 

management in my undergraduate degree in Louisiana. I entered the workforce in the field of 

environmental consulting where I learned how the regulated private sector interacts with and 

thinks about federal and state regulations and agencies. Consulting for largely the oil and gas 

industry helped me gain experience in data collection, monitoring, reporting, and environmental 

compliance. After this introduction to the natural resource management profession, I quickly 

learned that although foundational principles of biology and ecology underpin natural resource 

management throughout the world, region-specific priorities are driven by local challenges, 

people, and economies.  

After moving to Arizona, I began working for the Arizona Department of Water 

Resources where I grew an appreciation for how life and natural resources revolve around water 

in the Southwest. In this new role, I was able to switch perspectives from representing regulated 

stakeholders to now representing a state agency and the people of Arizona. I dove deep into the 

rich history of water in Arizona and found satisfaction in helping protect such a critical resource.  

A new journey at a water and power utility in Phoenix helped me develop a deep 

understanding of the interconnectedness of water, wildfire, forestry, and life in a desert. This new 

position sparked an insatiable interest in me to better understand the wildfire challenges the 

Southwest is facing and the stakeholders that are working together to come up with creative 

solutions to protect watersheds, public lands, and the inherent beauty of Arizona’s natural 

resources.  I decided to follow this interest and formally explore these topics integral to natural 

resource management in the Southwest by pursuing this Master of Forestry degree. This program 
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has allowed me to more deeply understand the scientific and ecological concepts that relate to 

wildfire, water, and wildlife, and overall has made me a more confident and well-informed 

contributor to the natural resource management profession.  

Overview of Courses 

The four courses that helped me achieve the required Program Learning Outcomes (PLO) 

are Ecosystem Science and Management Principles (FOR 500), Co-production and Translation 

Communication in Natural Resource Science (FOR 536), Applied Study Design and Analysis 

(FOR 691), and Ecological Forest Management (FOR 581).  

Ecosystem Science and Management Principles explored ecological theories to 

demonstrate how ecosystems function and how management decisions rooted in these theories 

can provide anticipated outcomes. The course melded conservation history, basic ecology, and 

natural resource management challenges to demonstrate how current challenges can be addressed 

though core principles of ecology and supported with peer-reviewed literature.  Beyond 

exploring the “basics” of each ecological theory or concept, the course allowed students to 

further investigate topics by applying those learnings to current topics of concerns or novel 

published research. Traditional Ecological Knowledge (TEK) was discussed and grounded 

conversations in relevant cultural perspectives to reflect modern challenges and opportunities in 

ecological management.   

Co-production and Translation Communication in Natural Resource Science 

demonstrated how human dimensions and social science can help managers engage with 

stakeholders and produce actionable decisions that involve the community and regulated public. 

The course focused heavily on how to effectively communicate complex scientific information 

and tailor communication strategies to different audiences. Ethical considerations of co-
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production, especially regarding TEK, were examined to ensure that the process and products of 

co-production are inclusive and moral. The course used real life case studies to discuss lessons 

learned, best practices, and the future of co-production and science communication.  

Applied Study Design and Analysis focused heavily on developing literature search and 

analysis skills that culminated in a thorough literature review of a topic. The course reviewed 

widely accepted research ethics to understand the foundations of appropriate data collection. The 

lifecycle of a research project including types of data, developing research questions, and data 

analysis approaches provided students with the skills to identify knowledge gaps in literature and 

develop their own research questions. Moreover, the course prompted students to ground their 

discussions and assignments in appropriate science communication to be able to engage with the 

general public. 

Ecological Forest Management focused on principles of forest ecology and management. 

Timely challenges like sustainable forestry, fire management, and climate change were discussed 

through ecological, economic, and social lenses. Important policy and regulatory frameworks 

such as the National Environmental Policy Act grounded learnings in the context of modern 

management challenges. A heavy emphasis on stakeholder identification and engagement and 

tradeoff and synergy analysis surrounding forest management helped students develop a 

management plan that culminated the course.  

Program Learning Outcomes Reflection  

Chapter 1: Ecological Processes Program Learning Outcome 

 The principles of PLO 1 were explored deeply in FOR 500, Ecosystem Science and 

Management Principles. I took this course to understand the complex relationships between the 

biotic and abiotic processes that are the foundation of the ecosystems that natural resource 
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professionals are managing. This course helped me understand how key ecological theories can 

help managers understand how management decisions may impact an ecosystem to achieve a 

given goal. This course was interesting because it covered a broad scope of ecosystem 

management topics by exploring foundational ecological theories and pairing those learnings 

with scientific literature that relate to contemporary ecosystem management challenges.  

 The course’s final project required a deep analysis of a chosen ecosystem to 

demonstrate understanding of the abiotic and biotic characteristics that shaped the ecosystem, the 

historic relationship between humans and the ecosystem, current threats, and management 

actions that would be appropriate to mitigate those threats. I focused on pinyon-juniper 

woodlands in the United States and discussed what constitutes a healthy ecosystem, the history 

of human settlements and utilization of the ecosystem, and how the ecosystem has been altered 

since post-European settlement. I identified top management concerns including catastrophic 

wildfires, large-scale pinyon die off, and intentional woodland reduction activities in certain 

parts of the range. These concerns helped shape my management goals that centered around 

improving resiliency through strategic thinning, managing for un-even aged and diverse 

woodland structures, and retaining important habitat structures for specific species of 

management concern.  

 This assignment directly aligns with PLO 1 because it required me to apply the 

ecological theories and principles discussed in the course to a specific ecosystem and 

communicate how my management recommendations would concurrently interact to affect 

vegetation, wildlife, and humans. This project helped develop my research synthesis skills to 

produce defensible management goals and provide recommendations on how to determine what 

monitoring would be required to discern if implementation of the goals successfully achieved the 
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prescribed objectives. Pinyon-juniper woodlands are common throughout Arizona where I plan 

to continue to live and work, so gaining a better understanding of the ecosystem’s management 

complexities throughout its range has made me a better steward of the resource.  

Chapter 2: Social Perspectives Program Learning Outcome 

 PLO 2 focuses on applying social science methods to real-world natural resource 

management issues. FOR 536, Co-production and Translation Communication in Natural 

Resource Science, uniquely highlighted the synergies between human dimensions and social 

science theories and demonstrated how those principles can be used to collaborate and co-

produce research and management solutions that impact society. I took this course to improve 

my ability to communicate complex natural resource management issues to diverse audiences 

and learn why co-production is so critical to successful management and the communities that 

are directly impacted. This course was interesting because it prompted me to consider the ethical 

implications of co-production and how to communicate multifaceted management issues to 

different stakeholder groups.  

The course’s translational communication project required students to develop a 

comprehensive communications plan that would help communicate the implications and findings 

of a natural resource management solution or initiative. I chose to use my plan to communicate 

the need for fuels reduction treatments to help reduce the risk of catastrophic wildfire in the 

Wildland-Urban Interface. I learned the importance of tailoring communications messaging and 

tools to different audiences including the general public, local officials, and the media, to achieve 

understanding and support from affected stakeholders. This project helped me consider the 

perspectives of those closest to the wildfire crisis and the fuels reduction efforts being used to 
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mitigate risk and helped me develop a better understanding of how management scenarios can 

impact the fabric of a community.  

 This assignment required me to understand foundational social science theories and 

methods and how to apply those principles to a real-world management topic that is prevalent in 

the Southwest. In order to develop a realistic and effective communication plan, I had to conduct 

an audience analysis that affected how I crafted key messaging and how to most effectively 

transmit that information. This assignment helped me understand how social science concepts 

can improve science communication to bridge gaps, address stakeholder concerns, and develop 

community advocates for management actions. Because natural resource management cannot 

exist without managing and influencing the people who utilize or live near natural areas, these 

takeaways proved to be relevant in the remainder of my courses and in my professional career.  

Chapter 3: Management Techniques Program Learning Outcome 

 FOR 691, Applied Study Design and Analysis, focused on the principles of research 

ethics, approaches, and design. The course explored topics like data types, statistics, and even the 

proper way to navigate and utilize an array of online libraries to conduct efficient research. I took 

this course to delve deeper into literature review and synthesis to help me understand research 

gaps and to identify trends, commonalities, or divergences in natural resource management 

topics. This course was interesting because it provided me with foundational skills in research 

and data analysis that I continued to use throughout the remainder of the program and in my 

professional life. 

 The course’s literature review assignment required students to evaluate and 

summarize existing research questions, create a synthesis of the current state of knowledge, and 
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recommend a new research approach to expand upon existing literature. This assignment was 

required to be written in plain language so that a general or layman audience could easily 

understand it, which necessitated breaking complex scientific concepts into easily digestible key 

points. I chose to synthesize research on the impacts of invasive grasses on fire regimes and 

ecosystem health in Western United States deserts due to its far reaching and increasing 

relevance in ecosystem management. The paper synthesized a subset of the most influential and 

current literature on the topic and examined how each study was designed, what methods were 

used, and how the authors handled data and statistical analysis. The key takeaways from the 

review were then used to discuss how invasive grasses in deserts are impacting fuel properties 

and fire regimes, ecosystem health and biodiversity, and how climate change will continue to 

catalyze these trends. I used this synthesized information to identify and discuss research gaps 

related to how to manage these landscapes in the face of altered fire regimes and proposed a 

research framework and recommendation that would investigate various mechanical removal and 

chemical control methods to mitigate the impacts of invasive grasses in the most cost-effective 

manner to achieve ecological management objectives. This assignment helped me understand the 

importance of thorough research synthesis and how to communicate science-based 

recommendations to a broader audience.  

 This assignment relates to PLO 3 because it required me to use principles of study 

design and analysis and research and synthesis skills to understand how an environmental trend 

is impacting a resource, compile strategies to mitigate ecosystem degradation, and propose a 

study that would ameliorate a research gap and help identify a multi-benefit solution that would 

achieve multiple objectives. The requirement to write the entire synthesis in an easy-to-
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understand format was helpful practice in bridging the gap between research and on the ground 

practitioners and managers.  

Chapter 4: Environmental Impacts Program Learning Outcome 

FOR 581, Ecological Forest Management, explored an integrated approach to forest 

management that demonstrated the importance of addressing the policy, stakeholder, and 

economics needs within forested areas to create a holistic management approach. I took this 

course to better understand the long-term decision-making process of forest managers who are 

tasked with balancing diverse opinions and objectives. This course was interesting because it was 

rooted in exploring foundational forest management concepts and policies while also framing 

these concepts in real-life management scenarios to demonstrate that management decisions are 

not always straightforward. 

The course’s Collaborative Forest Management Plan required students to choose a forest 

area of interest to complete a thorough stakeholder and resource objectives analysis that helped 

inform a decision-making framework and management plan. My group focused on the Coconino 

National Forest in Arizona. The group interviewed three stakeholders to understand the 

challenges, alignments, and prominent resource concerns in the area of interest. This data 

informed my group’s top management priorities and objectives and the associated stakeholder 

synergies and conflicts. Our analysis resulted in two prominent management suggestions: 

wildfire risk reduction and invasive species management. The plan also proposed monitoring 

indicators and methods and associated adaptive management options. This group project helped 

me understand the importance of creating a strong foundation in stakeholder analysis and 

engagement to help create realistic, actionable, and stakeholder-centric management suggestions.  
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This assignment is related to PLO 4 because it required us to take into consideration the 

economic, environmental, and social consequences of my group’s implementation suggestions. 

The management plan required that we use data-informed decision making when balancing 

objectives and proposed management actions. The plan discussed the management of a vast array 

of needs including recreation opportunities, cultural resource protection, wildlife habitat, and 

forest health, while acknowledging implementation and management challenges like policy 

roadblocks, climate change, ethical considerations, and diverse stakeholder needs. Lastly, the 

impacts of our proposed management actions were accounted for in a proposed monitoring and 

data collection framework that would help managers determine if adaptive management is 

necessary.  

Discussion  

Philosophy Statement 

 My primary interest and duty as a natural resource manager is to ensure the wise use 

of resources today while safeguarding ample quantity and quality of natural resources for future 

generations. Additionally, I believe management decisions should be data-driven and framed in 

the context of climate change, long-term drought, and the ever-expanding and increasingly 

complex interactions among natural environments and societies. As a steward of public lands, I 

will strive to fairly and transparently balance the interests of all stakeholders while seeking to 

support resilient ecosystems. Natural resource management issues can often be polarizing, 

political, and affect a broad range of interests, but I will commit to acting ethically and honestly 

throughout my career in this field.  

 The courses I took throughout this program each offered their own contributions that 

shaped my personal philosophies as a manager of natural resources. FOR 536 (Co-Production 



11 

 

and Translation Communication in Natural Resource Science) demonstrated how and why social 

science and stakeholder engagement, particularly with respect to TEK, are paramount pillars of 

forestry and natural resource management. Creative assignments including a translational 

communication project required me to understand how to identify stakeholders, convey a 

message with communication campaigns, and integrate stakeholder engagement as an important 

part of my personal philosophy. FOR 500 (Ecosystem Science and Management Principles), 

FOR 581 (Ecological Forest Management), and their associated management-plan style 

assignments helped demonstrate how incorporating stakeholder analysis into an evaluation of 

management scenarios can help managers achieve mutually beneficial objectives. Lastly, FOR 

691 (Applied Study Design and Analysis) and its literature review assignment demonstrated how 

data-based decisions can be used to ameliorate knowledge gaps and solve management 

problems.  

Perspectives Reflection  

Prior to completing this program, I largely moved through my career leaning on my 

understanding of Western science’s principles, perspectives, and priorities- almost considering 

this the “default” when it came to knowledge systems. I now have a deep understanding of why 

it is critical to consider, incorporate, and seek out Indigenous perspectives and knowledge. These 

perspectives, built upon a wealth of generational and deep-rooted cultural knowledge, provide a 

different way to approach natural resource management goals and problems. Two-eyed seeing, 

incorporating and lifting up both ways of knowing and acknowledging they both have a place in 

natural resource management, will be something I lean on in my career as I work to tackle 

increasingly complex problems. Indigenous perspectives have helped me understand that 

sometimes the rigidity of Western science is not always the only way to achieve worthy answers- 
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place based, relationship-centered, Indigenous knowledge can often provide the nuance, 

specificity, and the test of time that modern western science is not always able to achieve.  

Climate Change Reflection 

Climate change will continue to be an underlying and ever-present challenge that natural 

resource managers must account for in their long-term planning and stewardship of the 

environment. This program has helped me prepare for possible changes in climate by providing 

me with a strong foundation and understanding of the ecological, social, and economic aspects 

that influence ecosystem management. Being able to balance multiple perspectives will be key 

when making the challenging decisions that will be required of managers in the years to come. 

Additionally, this program demonstrated the importance of long-term planning and monitoring to 

carry out effective adaptive management. As we approach unprecedented climatic circumstances, 

there will be no established path to follow that will lead to successful resource management, so 

collaborative and science-based decision making will be required to make the most informed 

decisions. The program’s emphasis on stakeholder analysis and engagement and fundamentals of 

human dimensions will help me be prepared to communicate and engage with the communities 

and stakeholders that will be impacted by a changing climate.  

Program Reflection 

 My original intention for completing this program was to build upon my 

undergraduate degree in natural resource management in the specific context of the Southwest 

where I now live and work. Because I completed my undergraduate degree in the South, I hoped 

to learn more about the challenges and management priorities that natural resource managers are 

focusing on in the Southwest. I aspired to gain experience in analyzing and synthesizing 

literature to help make data-based decisions and better understand the social science aspects of 

forestry in the Southwest. After two years of immersing myself in this program, the most 
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significant insights I have gained centered around the importance of intentional education and 

outreach to stakeholders and the general public. I connected with the social science courses that 

demonstrated the need to understand the populations impacted by decision makers and how to 

effectively communicate with different audiences.  

 One of the main reasons I pursued this program was to provide myself with a more 

well-rounded educational background in natural resource management. In my current position I 

work alongside managers and foresters in the public sector, and I feel that the courses I took in 

this program have allowed me to better understand the challenges they face and the prioritization 

required of them, especially federal and state forestry and fire staff. This program allowed me to 

dive deeper into the ecological, social, and economic facets of forestry, wildfire management, 

and recreation. Overall, I feel that I am leaving this program as a more well-rounded natural 

resource manager equipped with the knowledge of how to identify and analyze problems and 

devise fair, data-driven decisions.  

 This program has contributed to the development of my professional identity by 

helping me view problems through multiple lenses- whether that be the regulated public, 

Indigenous communities, recreationists, or stakeholders of an ecosystem. The management plan 

assignment in FOR 581 was paramount in helping me understand how to balance competing 

objectives and identify synergies where possible. Additionally, a strong part of my professional 

identity is now rooted in engaging with the public to help them understand and be invested in 

natural resource management decisions that affect their lives. Courses like FOR 536 and the 

translational communication project helped me better understand social science’s place in 

management and how every unique management problem or project has its own public education 

and communication considerations.  
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Appendix B 

FOR 536 Translational Communication Project 

 

 

 

 

 

 

 

 

FOR 536 Translational Communication Project  

 

Communicating the positive impacts of fuels treatments on reducing the risk of catastrophic 

wildfire 

Video presentation Link 

 

Colette Pansini 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.canva.com/design/DAGX_ubY09Y/OsRmnJbmSXKP17mSp9b77w/view?utm_content=DAGX_ubY09Y&utm_campaign=designshare&utm_medium=link&utm_source=recording_view
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Introduction 

Uncontrollable, catastrophic wildfires are becoming a more frequent occurrence that threaten the 

safety of communities. These wildfire trends are being exacerbated by climate change and poor 

forest health due to historic fire suppression and a lack of forest management. Additionally, the 

wildland-urban interface, the area where human development and undeveloped wildlands meet 

or intertwine, is growing as urban and rural communities expand (Schug et al. 2023). Fuels 

treatments including mechanical thinning and prescribed burning are an effective way to reduce 

fuel loading and the risk of high-severity wildfires (Broadie et al. 2024).  

These activities are necessary to restore forests to more natural densities and create conditions 

conducive to be able to safely manage natural ignitions. Although many wildland-urban interface 

communities are familiar with fuels reduction efforts, there is a need to continue community 

education efforts. This communication plan aims to educate the Payson, Arizona community 

about: 1) the state of unhealthy forests and the risk they pose to the community 2) what fuels 

treatments are and why they are effective, and 3) what to expect when fuels treatments are 

occurring. Additionally, the plan aims to equip local officials with education to help support the 

fuels reduction efforts.  

Audience Analysis:  

General public 

The general public in Payson contains a wide range of ages and backgrounds. This plan would 

focus on adults since they are the age group primarily concerned about wildfire and fuels 

treatments. Thirty-seven percent of Payson’s population is 65 years or older, so a hybrid 

approach of in-person and online communication is best (U.S. Census Bureau n.d.).  

Local officials 

Local police and fire staff and other Town leadership interact frequently with on-the-ground fuels 

managers and the public. They need to be apprised of fuels treatment plans, general information 

about fuels treatments and the benefits, and safety considerations to be able to help manage 

questions and concerns that they may be tasked with resolving.  

Media 

Local media who cover natural resource management topics can be great resources for spreading 

the word about fuels treatment effectiveness and when/where treatments will be occurring. They 

can help managers reach a larger audience and help gain trust.  
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Key Messages 

General public 

This audience would benefit from messaging about their current wildfire risk, information about 

fuels treatments, and how those treatments will impact their day-to-day life. Clear information 

about where they can go to get their questions answered will help build trust.  

Main messages: 

• We’re experiencing more frequent and severe wildfires fueled by unhealthy forests 

• Thinning and subsequent prescribed fire are an effective tool in reducing the risk of 

catastrophic wildfires  

• Even though thinning and prescribed fire may cause inconveniences, they are necessary 

activities to protect the Payson community   

Local officials 

Information on logistics of fuels treatments and how the community will be impacted (road 

closures, smoke impacts, timelines) will be important for local officials to be able to aid the 

community. Equipping local officials with the who, what, when, where, and why of fuels 

treatments leads to a large amount of informed, trusted, people who can help communicate with 

the public.  

Main messages: 

• Basic information on the ecological and community benefits of fuels treatments and how 

these activities are going to protect the community long-term   

• Logistics of how fuels treatments will be implemented  

• How the community could be inconvenienced and how to mitigate those inconveniences 

o Road closures & alternate routes 

o Potential smoke impacts & how the public can mitigate health impacts   

Media 

Local media will benefit from similar information that local officials would be provided. Since 

community members often look to media for factual reporting, they should be equipped with 

information on why the work is occurring and how it will benefit the community.  

Main messages: 

• Basic information on the ecological and community benefits of fuels treatments 

• Resources where listeners can learn more- they can help promote public meetings  

Communication Channels and Tools 

• Social media:  
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o Most of the general public gets news from social media platforms, so a large 

audience can be reached. Content would be easily digestible and quickly 

communicate how fuels treatments are benefitting the community. 

o Ex:  

▪ “did you know”/”fun fact” content on Facebook and Instagram  

▪ Educational series of videos on YouTube/social media  

o Tools: Video editing software will be used to create short videos, canva will be 

used to create fun and engaging posts  

• Community workshops:  

o Allows concerned citizens a chance to ask questions and feel that their voice is 

heard, allows managers to interface with the public and showcase their expertise 

to gain community support. These workshops may better target older members of 

the public, or those that are particularly interested in or concerned about the 

treatments. These would allow the public to receive immediate answers and 

provide feedback to managers that can be incorporated into treatments.  

o This could be marketed as an “ask the experts” session to promote engagement  

o Tools: Canva would be used to create promotional posters, GIS and StoryMaps to 

create interactive maps to show at the events, Google Forms to create a feedback 

survey or Q&A submission  

• Media interviews:  

o Managers can raise awareness for the benefits of fuels treatments by participating 

in media interviews  

o Tools: Media would provide video equipment, media can promote the community 

to visit social media for more information 

Timeline 

• Month 1- Develop communication materials  

• Month 2- Host a workshop for media and local officials to educate them on fuels 

treatments and prepare them to answer questions from the public  

• Month 3- Host a community workshop for the general public, simultaneously launch 

social media campaign and start media interviews 

• Month 4- Review reception of the campaign and any pain points. Revise any necessary 

materials to clarify messaging 

• Month 5- Launch longer-term educational videos for stakeholders who want more depth 

of information  
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FOR 691 Literature Review 
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Executive Summary  

In recent decades, invasive species like cheatgrass (Bromus tecoturm), buffelgrass 

(Pennisetum ciliare), and red brome (Bromus rubens) have overtaken sensitive desert ecosystems 

that are not adapted to frequent fire.  These invasive species have the potential to alter historic 

fire regimes and fundamentally degrade ecosystem health by altering the soils, hydrology, and 

vegetation composition of landscapes. The impacts of grass invasion in Western U.S. deserts on 

fire regimes and ecosystem health and how to effectively mitigate for those impacts are at the 

forefront of minds of land managers throughout the Southwest. Climate change, changes in 

precipitation trends, and the increasing threat of uncontrollable wildfires will continue to create 

conditions conducive to the spread and persistence of invasive species across the world.  A large 

body of literature on the impacts of invasive grasses exists, but in today’s conditions of long-term 

drought, megafires, and grass-fire cycles, a synthesis of the impacts on fire regimes and 

ecosystem health in Western U.S. desert ecosystems is timely and needed.  

Davies and Nafus (2013) conducted an empirical study that compared the fuels 

characteristics of cheatgrass invaded and non-invaded sites in Oregon. Similarly, Fusco et al. 

(2019) modeled the effects of several common invasive grasses on similar fuels characteristics 

across different U.S. ecoregions. Both studies yielded similar conclusions and support the larger 

consensus that many common invasive grasses contribute to changes in fire regimes and 

alterations of fuels characteristics. In addition to invasive grasses altering fire regimes, they can 

also play other roles in degrading ecosystem health through changes in species composition and 

biodiversity. Ravi et al. (2021) demonstrated that climate change and drought will play a role in 

the persistence of invasive species and mortality of native vegetation. Olsson et al. (2012) and 

Freeman et al. (2014) concluded that the richness and diversity of native plants and mammals 

decreases as invasive grass cover and abundance increases, showcasing how invasives can 

degrade ecosystem function.  

More focused research across U.S. desert regions on the long-term implications of 

invasive grasses and potential management options is needed to most effectively inform 

management decisions, funding, and resource allocation. Acknowledging the ways in which 

invasive grasses threaten ecosystems can help land managers across sectors understand where the 

impacts are most prominent and therefore help target mitigation and restoration efforts most 
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efficiently. The purpose of this review is to propose conducting a long-term study on two 

mitigation methods (physical removal and herbicide application) to reduce the cover of invasive 

grasses across a gradient of sites in 3 desert ecosystems to help address the long-term impacts of 

mitigation measures and assess their effectiveness.  
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Introduction  

The United States is home to four unique deserts- the Mojave, Sonoran, Chihuahuan, and 

Great Basin- that span seven states (U.S. Geological Survey 2024). Deserts- areas that are 

typically characterized by limited precipitation (<10 inches annually) and extreme temperature 

fluctuations- make up twenty percent of the earth’s land surface (Harris 2003). Globally, these 

ecosystems contain rich biodiversity and are home to some 7,000 animal species (Safriel et al. 

2005). The plants and animals that live in these ecosystems have evolved physiological (e.g. 

concentrated urine to preserve water), behavioral (e.g. foraging at night), and anatomical (e.g. 

waxy coating on leaves to reduce evaporation) adaptations that allow them to survive harsh 

environmental conditions (Harris 2003; Kirschner et al. 2021; Rocha et al. 2021; He 2023).   

There are a number of pressures on Western U.S. deserts today that, in conjunction, 

threaten the health and resiliency of desert ecosystems. Human development in the desert 

Southwest has been expanding into natural areas for decades. The wildland urban interface is the 

area where human development and undeveloped wildlands meet or intertwine (Schug 2023). 

Some of the most populous cities in the United States are in or adjacent to deserts. Over 7.4 

million people call the Phoenix, Arizona and Las Vegas, Nevada metropolitan areas home (U.S 

Census Bureau 2024). Those areas contain the 5th and 24th largest U.S. cities, respectively, and 

are located in the Sonoran and Mojave deserts (U.S. Census Bureau 2024). The increasing 

intersections of deserts and human development can lead to further habitat fragmentation, more 

frequent human-caused fires, and more homes and structures at risk of wildfire (Radeloff et al. 

2018). Additionally, livestock grazing, a controversial activity in arid lands, has been in some 

contexts shown to have negative impacts on vegetation composition, soils, and overall ecosystem 

function (Hall et al. 2005). Given that grazing of livestock and agriculture account for 53% of the 

United States’ land use, overgrazing poses a significant threat to deserts (U.S. Department of 

Agriculture 2024). Climate change is expected to result in a 1.5℃ increase in the pre-industrial 

global temperature baseline in the next 5 years which will likely exacerbate the existing threats 

deserts are facing (IPCC 2023; World Meteorological Organization 2024). Deserts are 

particularly sensitive to climate change and its impacts as the plants and animals that live in these 

ecosystems are already stressed for resources (Vale and Brito 2015). Although these threats are 

of grave concern to these ecosystems, a relatively new threat has developed that is altering the 

structure and composition of deserts: invasive grasses. The impacts of invasive grasses and their 
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impact on fire regimes have been noted as an increasingly common threat across western U.S. 

deserts (Wilder et al. 2021).  

Biological invasions have had profound impacts on economies, biodiversity, and native 

habitats for centuries. In fact, the human-caused spread and persistence of invasive species and 

alterations of habitats is one of the defining characteristics of the Anthropocene- a relatively 

newly proposed epoch that represents a geological time period defined by the impacts of human 

activities on the planet (Steffen et al. 2011; Le Roux 2022). Some of the most infamous invasive 

species in the United States such as kudzu, European starling, and Asian carp have become 

persistent and fundamentally changed the ecosystems where they thrive (Blaustein 2001; Linz et 

al. 2007; Kramer et al. 2019). Invasive species can spread intentionally (e.g. the cane toad being 

introduced to control agricultural pests in Australia) or unintentionally (e.g. ballast water 

transporting zebra mussels into the Great Lakes) and have far reaching ecological consequences 

(Strayer 2009; Shine 2012). The cost that is incurred for the mitigation of invasive species and 

their impacts to native habitats is high: to the tune of $423 billion per year globally (IPBES 

2024). In recent decades, infamous invasive grass species like cheatgrass (Bromus tecoturm), 

buffelgrass (Pennisetum ciliare), and red brome (Bromus rubens) have overtaken sensitive desert 

ecosystems that are not adapted to frequent fire (Southwest Fire Consortium 2024).  Cheatgrass, 

native to many parts of Europe, Asia, and Africa, made its way to the U.S. through several means 

including crop seed and ballast water in the late 1800s (Montana State University Extension 

2012; FEIS 2024). Buffelgrass, native to Africa, was intentionally introduced to the U.S in the 

early 1900s for erosion control and was planted for livestock forage (Marshall et al. 2012; U.S. 

Department of Agriculture 2014). Red brome made its way into the U.S from the mediterranean 

by the 1880s, but a specific point of introduction is not widely agreed upon (Salo 2005; Reid et 

al. 2008).  These invasive grasses have altered these historic desert fire regimes and 

fundamentally altered the health of these ecosystems. 

Deserts are not historically fire-adapted landscapes, meaning they adapted with 

infrequent, or no, fires on the landscape (U.S. Department of Agriculture 2023). For example, 

prior to settlement, the Mojave Desert likely experienced fire every 100 years and the Sonoran 

Desert experienced fire at an even less frequent return interval of 100-1,000 years (Brooks and 

Matchett 2006; U.S. Department of Agriculture 2023). In comparison, some ecosystems like 
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Ponderosa pine (Pinus ponderosa) forests evolved with frequent, low severity, fire on the 

landscape, creating a shorter fire-return interval (Fulé et al. 1997). Invasive grasses have 

outcompeted native desert vegetation and created large monocultures across western U.S. deserts 

(Stanton et al. 2023). These invasive grasses have contributed to alterations of fire regimes and 

an increase in the number and frequency of fires in desert ecosystems (Germino 2016; Fusco et 

al. 2019). Some of the most devastating wildfires that the west has experienced over the last five 

years have been in grass-invaded deserts. In 2020, Arizona’s Sonoran desert experienced two 

megafires (wildfires that burn > 100,000 acres) that were fueled by invasive grasses including 

red brome, stinknet (Oncosiphon piluliferum), and Lehmann lovegrass (Eragrostis lehmanniana) 

(Linley 2022; Southwest Fire Consortium 2024). The Bush fire burned almost 200,000 acres and 

the Bighorn fire burned 119,000 acres a few weeks later, becoming the 5th and 8th largest wildfire 

in the state’s history, respectively (National Interagency Fire Center 2024). The York fire, fueled 

by red brome, burned 93,000 acres in the Mojave desert in 2023 (Southwest Fire Consortium 

2024).  

The impacts of invasive grasses in these desert landscapes on fire regimes and ecosystem 

health and how to effectively mitigate for those impacts are at the forefront of minds of land 

managers throughout the Southwestern U.S. A holistic investigation into how these invasive 

species impact the ecosystem health of western U.S. deserts and their fire regimes is needed to 

help inform management decisions and build a knowledge base for a relatively newly observed 

phenomenon.  

Research Questions and Investigations  

 Researchers and land managers have a vested interest in understanding the different 

mechanisms by which invasive grasses are altering desert ecosystems. There is a census that 

invasive grasses are negatively impacting deserts globally, but there is much to learn about the 

specific mechanisms of change and the long-term impacts of these invasions in U.S. deserts. 

Understanding how and to what extent fire regimes and ecosystem health are impacted are 

common research questions being addressed. Additionally, researchers are aiming to determine if 

those impacts are different among various invasive grass species and desert regions. 
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 Fusco et al. (2019) investigated how fire frequency and intensity are impacted by 

invasive grasses across a range of U.S. ecoregions, including deserts. They conducted a literature 

review to identify 18 fire-promoting invasive grass species in the U.S. and further limited the list 

to 12 species that had enough known spatial data to conduct analyses on. The authors 

downloaded and compiled spatial data of invasions for the 12 species and compared that location 

information to fire data from 2000-2015. Fire data (location, frequency, boundaries, burn 

severity) were obtained from the Fire Program Analysis fire-occurrence database and the 

Monitoring Trends in Burn Severity database. The fire boundaries were converted to a spatial 

grid that resulted in pixels that could be more easily analyzed. The authors were able to draw 

conclusions on 3 important fire regimes parameters- fire occurrence, size, and frequency- in 

areas with and without known invasive grasses (i.e. invaded vs uninvaded pixels). Modeling was 

used to determine if there was a statistically significant difference in the fire regime parameters 

among invaded and uninvaded pixels. For grass species that altered fire regime parameters, the 

authors tested if other factors (e.g. distance to road) impacted fire regime parameters. The 

authors concluded that invasive grasses do have a statistically significant impact on fire regimes, 

however it varied by grass species and the specific fire regime parameter. Eight species increased 

the rate of fire occurrence (buffelgrass and common Mediterranean grass showing the largest 

increases), 6 species were associated with a mean increase in fire frequency (buffelgrass and silk 

reed showing the largest increases), and only 2 of the species were significant in impacting fire 

size (Figure 1). The results of this study demonstrate the widespread impact of invasive grasses 

on fire regimes across the U.S. and convey that buffelgrass and cheatgrass- common invaders in 

deserts- have a proven impact on fire occurrence and frequency.  
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Davies and Nafus (2013) investigated how invasive cheatgrass alters several fuel 

characteristics including fuel biomass, cover, continuity, and moisture content- important 

characteristics that can influence fire regimes. The researchers conducted a 2-year study in the 

northern stretches of the Great Basin in Oregon that compared these characteristics with a block 

design across 4 sites that were either invaded (dominated by cheatgrass) or non-invaded 

(dominated by native plants). Conditions among the 4 blocks were similar in terms of soil, 

topography, distance from roads, and the exclusion of grazing. Fuels characteristics were 

measured at intervals in 2010 and 2011. Moisture content was measured every 2 weeks in June-

August to reflect conditions in wildfire season. Researchers harvested the grasses in five 0.20m2 

Figure 1. Statistical significance (P<0.05) is denoted with an asterisk. Results that are 

not statistically significant are denoted with ^. Some invasive grass species alter fire 

regime parameters including fire occurrence, size, and frequency.  
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frames and compared the weight pre- and post- oven drying to determine fuel moisture. Fuel 

biomass was measured in August by collecting the grasses located in 15 randomly selected 1m2 

frames. The vegetation was oven dried and weighed to measure biomass. Fuel continuity (i.e. 

connectedness) was measured using 20m transects where gaps between patches of vegetation 

were measured. Any gaps with a length ≥5cm that intersected the transects were classified as 

individual patches of vegetation. The researchers concluded that cheatgrass invaded sites had 

fuels characteristics that make them more prone to frequent, large, and fast spreading wildfires, 

including higher loads of fine fuels, more fuel continuity, and lower moisture content. The lower 

fuel moisture content in cheatgrass invaded sites make them conducive to burning about 1 month 

earlier than nearby non-invaded sites, highlighting how these differences in fuels can alter fire 

regimes (Figure 2).   

Figure 2. Fuel moisture content was lower in cheatgrass invaded 

blocks during the 3-month measurement period in 2010 and 2011. The 

lowercase letters (a,b) indicate statistical significance of results (P 

value<0.05). 
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Ravi et al. (2021) aimed to investigate how the interactions between non-native invasive 

buffelgrass and climate change can alter desert ecosystems. The researchers utilized Biosphere 2, 

a controlled environment research facility in the Sonoran Desert, to be able to manipulate 

temperature and moisture. Researchers harvested invasive buffelgrass and native tanglehead 

(Heteropogan contortus) tillers (shoots) from a preserve in Tucson, Arizona and allowed them to 

grow for 3 months before selecting specimens to be planted in containers in Biosphere 2. Four 

variables were manipulated in the experiment- temperature, watering, plant community, and 

species. Containers were planted with either only buffelgrass, only tanglehead, or intermixed, 

and equipped with soil moisture monitors. The containers were placed in different simulated 

biomes to study the interactions of climate and invasive species. Half of the containers were 

exposed to a changed climate (5℃ warmer than ambient temperature) and the other half 

remained at the ambient temperature. Half of each of the containers in the warmed vs. ambient 

groups were then exposed to either simulated drought conditions or normal irrigation.  

Ecophysiological characteristics (photosynthesis, respiration, leaf water potential, soil 

moisture) were measured throughout the experiment. The study concluded that although both 

species were able to survive drought conditions by entering dormancy, the combination of 

drought and increased temperatures lead to higher mortality rates in tanglehead compared to 

buffelgrass (100% mortality for tanglehead in warmed, monoculture planted containers). The 

results of the study support the hypothesis that the combination of climate change and biological 

invasions will likely lead to widespread degradation of desert ecosystems (Figure 3).  
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 These three studies examined fundamental interactions among invasive species, fire 

regimes, and ecosystem health. Some of the most common invasive grasses (buffelgrass and 

cheatgrass) were proven to have significant impacts on fuels characteristics, fire regimes, and 

overall health of native desert ecosystems. Future challenges such as climate change and drought 

have the potential to exacerbate invasions and their subsequent impacts on fire regimes. 

Research Synthesis  

 The impacts of invasive grasses vary by ecosystem, species, and climate. Deserts in 

particular are facing large-scale ecosystem conversion from these invasions that will further be 

heightened by long-term drought, megafires, and grass-fire cycles. Deserts within the U.S. 

contain unique habitat characteristics that may alter the way invasive grasses interact with the 

landscape. A synthesis of the current impacts on fire regimes and ecosystem health in western 

U.S. desert ecosystems and expected changes in the face of climate change is warranted.   

Figure 3. The interactions of climate change and invasive species 

will likely lead to increasing rates of desertification and ecosystem 

degradation. 
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Fuel properties and Fire Regimes 

 There is an overwhelming consensus that invasive grasses alter fire regimes in 

Western U.S. deserts, but much is still unknown about the long-term impacts and if these 

changes are sustained over time. More focused research across U.S. desert regions on long-term 

impacts and the effectiveness of mitigation options is needed to most effectively inform 

management decisions, funding, and resource allocation.  

Davies and Nafus (2013) and Fucso et al. (2019) demonstrated that invasive grasses 

contribute to changes in fire regimes, rates of fire occurrence, and fuels characteristics. Brooks 

and Matchett (2006) and Wilder et al. (2021) also support conclusions that invasive grasses have 

altered fuels characteristics and without mitigation and management, invasive grasses will 

continue to spread, and therefore the impacts on fire regimes will continue to grow. Several 

studies have highlighted how precipitation plays a large role in the growth, density, and 

continuity of invasive grasses, and therefore make certain areas more prone to fire (Gray et al. 

2014; Moloney et al. 2019; Wilder et al. 2021). This is important considering that climate change 

will alter precipitation trends (Giorgi et al. 2019).  Another perspective to consider is Olsson et 

al. (2012) who concluded that buffelgrass invasions do not impact fire regimes in the early stages 

of invasion and that the invasions impact on outcompeting native vegetation is the larger 

concern. Smith et al. (2023) demonstrated that invasive grass establishment in the Mojave Desert 

is predictable by assessing soils, topography, and climate at a larger regional scale, allowing for 

opportunities to assess risk and target management activities in most at-risk areas.   

Ecosystem Health and Biodiversity  

 The range of effects of invasive grasses on desert ecosystem health and biodiversity 

varies widely, and often reflect other patterns found in other non-desert ecosystems. Impacts to 

soils and biodiversity, key components of ecosystem health, are most prominent in the literature. 

Invasive grasses have been shown to impact desert soils in several ways including altering the 

soil’s microbiomes and nitrification processes and decreasing the number and types of fungi and 

invertebrates (Allen et al. 2011; Gornish et al. 2020; Afzal et al. 2023). Most widely discussed in 

the literature are the impacts of invasive grasses on desert biodiversity. Across the U.S., about 

40% of species listed under the Endangered Species Act are at risk due to competition with or 

predation by invasive species (Pimentel et al. 2005). Common grass invaders have turned areas 
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of most western U.S. deserts into monoculture grasslands through the self-perpetuating grass-fire 

cycle (Brooks et al. 2004; Wilder et al. 2021). Native desert species that are not adapted to 

frequent fire such as saguaro cactus (Carnegiea gigantea) and creosote bush (Larrea tridentata) 

have shown high mortality rates due to altered fire regimes (McDonald and McPherson 2011). 

Invasive grasses are able to easily colonize these landscapes post-fire and significantly reduce 

the cover and species richness of native vegetation. In fact, several studies have shown a 

quantified negative relationship between the density of invasive grasses and native species 

diversity (D’Antonio and Vitousek 1992; Franklin et al. 2006; Abella et al. 2012; Davies and 

Nafus 2013). These vegetation composition impacts can shape other aspects of biodiversity in 

deserts- including animal communities. Mojave Desert tortoises (Gopherus agassizii), lesser 

long-nosed bat (Leptonycteris yerbabuenae), cactus ferruginous pygmy-owl (Glaucidium 

brasilianum cactorum), and several other desert bird species have been shown to be threatened 

by grass invasions and subsequent habitat alterations from fire (Frost 2010; Young and 

Schlesinger 2014; Drake 2016; U.S. Fish and Wildlife Service 2016). Freeman et al. (2014) 

sampled small mammal diversity at a gradient of cheatgrass invaded sites in the Great Basin and 

found that as cheatgrass abundance increases, the diversity and quantity of small mammal 

species decreases. 

The long-term impacts of grass invasion and fire regime alterations on food webs and 

overall ecosystem biodiversity seem to be missing from the literature. This broader perspective 

can help identify geographies or species of most concern, and where resources should be 

targeted.  

Climate Change 

 The effects of climate change have been and will be far-reaching as the climate continues 

to warm. Like many other ecological processes, increased temperatures and changes in 

precipitation patterns will exacerbate the already detrimental impacts of invasive species in 

deserts. The susceptibility of native vegetation to a warmed climate and drought showcased in 

Ravi et al. (2021) is further supported by McAuliffe and Hamerlynck (2010) and Hantson et al. 

(2020) where the authors highlight the already observed changes and risks to native desert 

vegetation as the climate will continue to warm. Modelling efforts by Diffenbaugh et al. (2008) 

highlight that the Southwestern U.S. is a climate change hotspot, meaning this area will be 
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particularly sensitive to warming from climate change. This is similarly represented by Liu et al. 

(2010) who suggests that based on predicted temperature and precipitation changes, the 

Southwest will experience a year-long fire season, compared to the current ~6-month season, 

leading to more opportunity for altered fire regimes. A suite of modeling efforts have predicted 

that precipitation in arid regions will decrease, contributing to drier, more water stressed 

conditions (Seager 2007; Liu et al. 2010). The expected increase in carbon dioxide in the 

atmosphere will only benefit invasive species like cheatgrass and provide more opportunity for 

the species to outcompete native vegetation (Smith et al. 1987; Dukes and Mooney 1999; Harvey 

et al. 2020). Increases in carbon dioxide and decreases in precipitation will likely favor the 

growth of invasive grasses and perpetuate the existing grass-fire cycle in U.S. deserts.  

 Climate change will undoubtedly play a role in how invasive grasses continue to impact 

deserts. At this point, few studies explicitly take climate change into consideration in their 

research questions and set up, which is understandable considering that in order to manipulate 

climate in a study, a controlled environment is required. Modeling efforts have shown that the 

Southwest will be highly impacted by climate change which will bring with it changes to fire 

seasons and regimes, but more specific information on when these changes are expected is 

needed.   

Research Recommendation  

Many fundamental questions regarding the impacts of invasive species on Western U.S. 

deserts have been investigated, but questions remain on how to manage these deserts in the face 

of the inevitable spread of invasive grasses. Many prominent studies that acknowledge how 

invasive grasses impact fire regimes highlight the need to understand what management actions 

are most effective at controlling these invasive grasses to help prevent, minimize, and mitigate 

changes to fire regimes. Understanding the long-term effects of different control methods and 

how their effectiveness may vary across different desert landscapes will help policy-makers and 

land managers identify areas most at risk and where the strategic targeting of limited resources 

(e.g. staffing and funding) can be focused. The reality is that funds for natural resource 

management are already stretched thin, so any guidance on where resources would be most 

effective at addressing the problem and preventing permanent conversion of deserts to grasslands 

would be beneficial. Many biodiversity impacts from invasive grasses are primarily present due 
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to alterations in fire regimes, so addressing the options for management of invasive grasses is an 

important step to protecting the biodiversity at risk. This proposed study aims to address the 

long-term impacts of two invasive grass management options and how to most effectively reduce 

the cover of buffelgrass across a suite of sites in 3 different U.S. deserts. Studies such as Li et al. 

(2023) have started to explore how to control invasive grasses via mechanical and chemical 

removal, but many studies have focused on the Sonoran Desert and buffelgrass specifically. This 

study will aim to expand upon that body of work to the Mojave and Great Basin deserts to 

explore if there are differences in responses in buffelgrass cover to treatments.  

 The proposed study will focus on 6 areas across 3 western U.S. deserts as shown in Table 

1 to represent desert sites with varying elevation and climate gradients that are all currently being 

impacted by buffelgrass. Aerial imagery and boundaries of the preserve, park, refuge, or 

monument (study areas) will be split into a 5m grid and analyzed in ArcGIS to delineate where 

buffelgrass invasion is present (similar to Fusco et al. 2019). Within each study area, two sites 

will be established that will be randomly selected from the aerial imagery analysis that each will 

contain three 5m2 plots.  Since the goal of the study is to gain a basic understanding of how two 

common mitigation actions (physical removal and herbicide application) vary in success across 

different desert ecosystems, plot sizes will be kept at 5m2  (Figure 4) to allow for two person 

teams to efficiently complete application and subsequent monitoring. The three plots will contain 

three different treatment types- a control with no treatment, physical removal of buffelgrass, and 

application of herbicide.  

Researchers will visit each site once per year to apply the treatment to each plot during 

April. To evaluate the long-term impacts of the two treatments, a baseline percent cover of 

buffelgrass and native vegetation within each plot will be recorded pre-treatment and 6-months 

post-treatment annually. Application of treatments will occur from 2025-2035 to obtain long-

term observations of how percent cover will change over time. 

Sonoran Desert Mojave Desert Great Basin 

McDowell Sonoran Preserve Mojave National Preserve Great Basin National Park 

Saguaro National Park Desert National Wildlife 

Refuge 

Basin and Range National 

Monument 
Table 1. The study will take place across 6 different sites located within the Sonoran, Mojave, and Great Basin 

deserts. 
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 The expected resources required for the project will mainly consist of staff time and 

fuel/travel. Since field work will only be occurring a few days per year, regional field teams of 

two will be established to reapply treatments annually and monitor vegetation responses. The 

supplies needed for setting up plots and applying treatment include rebar, backpack sprayers, 

hand tools, and glyphosate herbicide. The estimated cost for field supplies and staffing for data 

collection and data processing for the 10-year duration of the study is $35,000, but could vary 

greatly depending on travel distances for field teams.  

 Results from the study will provide insight into what treatment method is most effective 

at reducing and sustaining reductions in cover of buffelgrass across 3 deserts ecosystems. 

Studying the difference in impact among the two sites in each desert will help determine if even 

within a region there are local differences that make the vegetation respond differently.  

 Invasive grasses are reshaping U.S. deserts at rates that research has not been keeping 

pace with. Researchers and managers must work together to start evaluating the most effective 

methods of management to preserve the desert habitats that have not been affected and restore 

areas that have been severely degraded.  

Figure 4. Each site will contain three plots with no 

treatment, physical removal of buffelgrass, and herbicide 

application. 
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Executive Summary 

Project Overview 

As a group, our objective was to identify stakeholder priorities across the Coconino 

National Forest (forest; Coconino) and gain an understanding into the inner workings of forest 

management and collaboration. In order to gain insight into our goals, we interviewed three 

different stakeholders who take on different roles within the Coconino. From their feedback, we 

were able to develop a number of potential management plans and objectives which were used to 

create a weighted decision making matrix to determine our top priorities. Eventually, we honed 

in on a specific area to meet our goals and objectives within the forest.  

Key Findings 

 From our experiences throughout the project, we have a number of key takeaways. 

Firstly, management can be cost prohibitive, especially when planning restoration at a large-

scale. Second, when defining management goals and objectives, stakeholder collaboration is 

crucial in understanding the array of people, communities, and entities that are affected by 

decision-making. Finally, we found that utilizing adaptive management is a crucial step in 

ecologically-based forest management.  

Major Recommendations 

Our recommendations for the Coconino National Forest are mainly based on our findings 

from this project. Generally speaking, continuity of stakeholder collaboration should be a 

priority. Continuing this approach can help managers achieve all objectives and benefit our 

suggested recommendations. We suggest working to find creative solutions that minimize 

disturbance in an area while still reaching the desired effects. Finally, and most importantly, we 
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recommend that there is an aim for forest resilience through different methods, such as 

developing forest heterogeneity and different stand age cohorts.  

Implementation Highlights 

We have two primary objectives to implement. The first objective is implementation of 

forest thinning and prescribed burning to promote heterogeneity in our treatment area. The 

second objective is based on treatment of invasive cheatgrass (Bromus tectorum) to preserve 

habitat for native and endemic species. We plan to do 5,322.37 acres of thinning,  5,920 acres of 

prescription burning, and 290 acres of cheatgrass treatment. These treatments will be done with 

the goal to reduce the risk of high-severity wildfire while protecting and promoting the health of 

the native habitat. 

Introduction 

Project Context and Background 

The goal of our management plan was to evaluate the ecosystems in the Coconino 

National Forest, determine the most pressing management needs, and develop management 

strategies to address the various environmental, economic, social, and cultural challenges facing 

the forest.  

Forest Type 

The Coconino National Forest consists of a rich, diverse, and magnificent ecosystem, 

with an area that spans over 1.8 million acres and is home to one of the largest and continuous 

stretches of ponderosa pine (Pinus ponderosa) in the world. Ponderosa pine is the dominant 

forest type on the Coconino National Forest. It is known for its fire resistance and resilience and 

holds a cultural significance to many Indigenous peoples of North America. The Coconino also 

has other major forest types that are characterized by species like Douglas fir (Pseudotsuga 
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menziesii), quaking aspen (Populus tremuloides), which is known for its golden fall foliage, and 

leaves that tremble in the breeze, and juniper trees (Juniperus sp.) (National Park Field Guide, 

2023). Other forest types include montane willow riparian forest, pinyon-juniper woodlands, and 

the Madrean Encinal Woodland (which is considered a transition zone), all which emphasize the 

abundance, diversity, and richness of the Coconino National Forest (U.S. Department of 

Agriculture, n.d., A).   

Flora and Fauna  

 The Coconino National Forest is home to some of the most variable flora and fauna due 

to the wide spectrum of ecosystems and vegetation types. The forest contains abundant plant and 

animal diversity and a variety of ecosystems that are characterized by species like piñon pine 

(Pinus edulis), juniper, (Juniperus sp.), ponderosa pine, Gambel oak (Quercus gambelii), 

Engelmann spruce (Picea engelmannii), bristlecone pine (Pinus aristata), and corkbark fir (Abies 

lasiocarpa). The Coconino is home to over 300 native bird species, almost 100 species of 

mammal, 16 native fish species, and numerous other invertebrate species, making it one of the 

most diverse national forests in Arizona (U.S. Department of Agriculture, n.d., B). 

Current Management Practices 

The diverse set of habitats across the Coconino National Forest necessitates a wide range 

of management practices. The forest determined desired conditions, objectives, and management 

practices for each Ecological Response Unit (ERU) in the forest's 2018 Land and Resource Plan. 

Wildfire management objectives prioritize the safety of Wildland Urban Interface (WUI) 

communities and the public but also encourages the use of prescribed fire and wildfire managed 

for resource objectives (i.e., “managed wildfire”) to achieve desired conditions across ERUs 

(U.S. Department of Agriculture, 2018). The forest supports using timber resources for forest 



79 

 

products and encourages that silvicultural treatments benefit the sustainability of the ecosystem 

and are centered around “natural disturbance regimes” (U.S. Department of Agriculture, 2018). 

Part of the timber management objectives is allowing tribes to access and collect forest products 

for traditional and ceremonial purposes (U.S. Department of Agriculture, 2018). In terms of 

invasive species, the primary management objective is to maintain, monitor, and document 

invasives across the forest (U.S. Department of Agriculture, 2018). Control efforts are focused in 

ecologically sensitive areas, high-recreation areas, and areas of new invasions that are still 

relatively contained (U.S. Department of Agriculture, 2018). Lastly, the forest aims to provide 

ample recreational opportunities while focusing on visitor safety (U.S. Department of 

Agriculture, 2018). Management for recreation includes providing both developed and dispersed 

recreation sites, infrastructure that can support a wide range of activities, and appropriate signage 

(U.S. Department of Agriculture, 2018). The forest manages for a suite of other uses and 

objectives including livestock grazing, mineral resources, heritage sites, education, and scenic 

resources (U.S. Department of Agriculture, 2018). 

Management Objectives 

 Our management objectives center around two main priorities- decreasing fuel loads to 

reduce the risk of high-severity fire and managing invasive cheatgrass. Through thinning and 

prescribed fire, we aim to promote heterogeneity of the ponderosa pine forest in the project area, 

decrease fuel loading, and create an ecosystem that can better support a historic fire regime of 

frequent low severity fire. By surveying, delineating, and treating invasive cheatgrass, we aim to 

reduce the density of the existing invasion and protect native biodiversity.  

Scope and limitations 
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 We broadly evaluated resource objectives, stakeholder priorities, and management needs 

across the Coconino. Due to the span of the landscape, our analysis and management plan is 

purposefully limited in scope and focuses on a small project area within the forest. Due to the 

narrow scope, management objectives are not broadly applicable across the forest’s various 

ecosystems and further investigation is needed beyond the boundaries of our project area. 

Methods Overview 

 We conducted a thorough stakeholder priorities analysis that gave us insight into what 

people and entities are impacted by management decisions on the forest and resulted in a few key 

priorities rising to the top. Focused stakeholder interviews allowed for a more thorough analysis 

of common stakeholder concerns that helped mold our management decisions. Researching 

historical reference conditions and existing management plans and management concerns helped 

us narrow the focus of our objectives. Implementation and monitoring goals and guidelines were 

created to be able to evaluate treatment effectiveness and apply adaptive management principles 

throughout the plan’s cycle.  

Stakeholder Analysis 

Stakeholder Identification and Categorization 

An effective forest management plan requires a diverse collection of stakeholders, in 

which each stakeholder brings a unique perspective and understanding, based upon their levels of 

interest and expertise. The stakeholders are categorized based upon their individualized interest, 

engagement, contribution and level of influence upon the decision making process. Each 

stakeholder is identified, valued, categorized, collaborated with, and included to ensure balance 

of interest, social equity and that interests and concerns are prioritized when making forest 

management decisions. Below are the main stakeholder groups that were identified:  
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● Environmental Groups 

○ E.g. National Forest Foundation, The Nature Conservancy, Friends of the Verde 

River, Diablo Trust, Center for Biological Diversity, and the Sierra Club. 

○ Environmental groups have a unique role with forests. They are often public 

groups and organizations who call for change or push for regulation on different 

fronts. Generally, environmental groups do a great job at getting the public 

involved and educated on programs, policies, and strategies for their local forests. 

These groups tend to have less influence on management processes and decisions 

but bring a lot of valuable information to the public. 

● Federal, State and Local Government 

○ E.g. Cities (Flagstaff, Sedona), Counties (Coconino, Yavapai, Gila), State 

agencies (AZ Game & Fish, AZ Dept of Forestry and Fire Management, AZ Dept 

of Transportation), Federal agencies (U.S. Fish and Wildlife Service, Bureau of 

Reclamation, U.S. Geological Survey, USDA, USFS, DOI, NRCS). 

○ Stakeholders at all different levels come together to collaborate, share ideas, and 

continue efforts towards a common goal on a continuous basis. Local citizens 

share a continued interest in local issues, and significantly influence forest 

management decisions through bond issues being passed to contribute to the 

management  of the forest. At the state and federal levels, federal funding and 

grants are issued each year, along with consultation, collaboration, and 

cooperation between agencies at all levels, to create a joint effort towards specific 

objectives. Federal and state governments are considered primary stakeholders 

and are vital on major management decisions.  One relevant collaboration at the 
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state and federal levels are NEPA, and the Good Neighbor Authority, which are 

major components on the Coconino. 

● Institutions  

○ E.g. NAU Ecological Restoration Institute, 4FRI 

○ Institutions are able to provide research, insight, and “feet on the ground” to aid 

larger agencies. Their largest concerns are often accessibility, current 

management, and communications. Their level of influence is often variable, but 

can be major if the institution communicates with the forest very directly. 

Depending on the institution, forest contributions can be very high, but typically 

collaboration is used in further development of management strategies. 

● General public 

○ E.g. Recreationists, hikers, campers, hunters, fishers, Wildland-Urban Interface 

community residents 

○ The public can have many different roles in the National Forest, but typically their 

role is as recreationists in many different fashions. The public often want to see 

their parks be well maintained, easily accessible, and safe. They want to be able to 

use the forest to their advantage and for their hobbies. Public citizens are often 

less involved in the management of forests, but are definitely considered due to 

their high visitation frequency. 

● Private Companies 

○ E.g. Forest Products Industry, Novo Biopower, Loggers, AZ Snowbowl, Pink 

Jeep Tours 
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○ There are many private companies that are directly affected by management of the 

Coconino, primarily in the forest products and tourism/recreation industries. The 

forest products industry is imperative to help carry out timber and vegetation 

management to achieve desired conditions. Their primary concerns are being able 

to obtain a steady supply of projects, wood, and biomass. The nascent forest 

products industry in Arizona carries influence in the scale and types of restoration 

projects that forests implement due to the high demand and small workforce for 

this type of work currently. The tourism industry is primarily interested in any 

activities or decisions that would discourage visitors to the forest (i.e. wildfire, 

prescribed fire, road closures, forest closures). Because they can be large 

economic drivers in cities like Flagstaff and Sedona, their influence in forest 

management decisions can be strong.  

● Tribes  

○ E.g. - The Navajo Nation, The Hopi Tribe, The Havasupai Tribe, The Hualapai 

Tribe, The San Juan Southern Paiute, The White Mountain Apache Tribe, The 

Tonto Apache Tribe, The San Carlos Apache Tribe, The Yavapai-Prescott Indian 

Tribe, Fort McDowell Yavapai Nation, The Pueblo of Acoma, The Pueblo of 

Zuni 

○ Many American Indian Tribes have a historical stake and cultural ties to the 

Coconino National Forest and the forest is home to many sites that are considered 

sacred to numerous tribes. Tribal contributions in forest management decisions 

include consultation and collaboration on matters that may affect tribal rights and 

interest, and contributing Indigenous Traditional Knowledge to restore and 
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manage Coconino National Forest. The Forest Service and Tribes coordinate land 

and resource management plans to promote the health of the ecosystem, 

suggesting that the tribes are influential in many forest management plans 

(USDA, 2012).  

● Utilities 

○ E.g. Salt River Project, Arizona Public Service, local water providers 

○ Electric and power utilities own and operate assets located throughout the 

Coconino including water and power delivery and storage infrastructure. Their 

primary interests are in protecting those assets from wildfire and overall 

watershed health. Their contributions to forest management tend to be through 

support for forest restoration projects that reduce the risk of high-severity 

wildfire, mitigating risk of wildfire starts from transmission lines, and drafting 

policy/legislation. Utilities can hold significant political influence in natural 

resource management.  

Interview Findings and Analysis 

The NAU Ecological Restoration Institute (ERI) interview started off by explaining the 

significance of the forest to their work, stating, “...it's what we call our home forest…so we work 

hand in hand with the Coconino to establish new research studies on the Ponderosa pine forest to 

maintain sets of anywhere from 5 to 30 year old study sites on their forest and to collaboratively 

work with them to implement experimental designs such as prescribed fire or even thinning and 

things like that…”. By defining the significance and motivation of the Coconino, the ERI was 

able to dive into key issues with the forest’s management. ERI told us that staffing and expense 

is the most difficult challenge with the forest currently, as they are often understaffed and don’t 
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have the resources to implement management strategies forest-wide. When I asked the ERI how 

they would like to see a management shift, their primary response was, “...small scale to large 

scale.”  

The Arizona Department of Forestry and Fire Management’s (DFFM) priorities reflect 

the agency's tasks as a state agency. Their responsibilities and the projects they engage in are 

wide-reaching, but John and Travis’ work focuses on utilization of the Good Neighbor Authority 

(GNA) to conduct thinning projects on federal lands, especially on the Mogollon Rim Ranger 

District where they have over 17,000 acres of projects ongoing. Their priorities align closely 

with the environmental priorities of the Coconino National Forest including reducing the risk of 

stand-replacing wildfire by reducing stand densities and inter-tree competition. These priorities 

are reflected in the prescriptions for their forest thinning projects. Some of the biggest threats 

identified by the interviewees included climate change, particularly the challenges that come 

with it like disease, insect outbreaks, and stressed trees that become less resilient.  

Salt River Project’s (SRP) biggest priority is fulfilling their mission of delivering reliable, 

affordable, and sustainable water supplies to over two million people in the Phoenix metro area. 

This translates to their biggest concerns in the forest’s management including wildfire risk 

reduction through fuels reduction, increasing the use of prescribed fire and managed wildfire, 

and streamlining the preparation work for forest restoration projects (e.g. archaeology surveys, 

Mexican spotted owl surveys). Their concerns included industry not having the capacity to keep 

up with the demand for restoration activities, wildfire, climate change, and drought.  

Key Stakeholder Priorities and Concerns 

 From our interviews, we were able to generate a small list of stakeholder priorities. 

Collaboration is definitely a key takeaway, with all three interviewees commenting on the 
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Coconino’s management being particularly focused on their collaborative efforts. Another 

highlight from our discussions is that wildfire risk needs to be mitigated in different ways as it 

affects almost all stakeholders and their goals. Finally, there is a large emphasis on conservation 

(of species, habitat, fire regime, etc.) in a changing political and physical climate.  

Stakeholder Relationship Analysis 

 Stakeholders are known to have different perspectives on management when it comes to 

their goals and objectives. The Coconino National Forest contains a large number of stakeholders 

with a wide variety of objectives. Naturally, their goals will not always align.  

*See the Synergies and Conflicts section for a more in depth analysis of potential interactions* 

Resource Objectives Analysis 

Analysis of Economic Objectives 

The analysis of our economic objectives consisted of evaluating three different sets of 

criteria to determine the need and importance of prioritizing proposed objectives. One economic 

objective was maximizing timber use and production by collaboration with stakeholders and 

identifying additional areas to support commercial permits, personal use paid permits, and free 

use permits to the general public. Our second objective was engaging with stakeholders to 

increase the pace and scale of thinning projects through partnerships including the Good 

Neighbor Authority.  Economic objectives were placed in the middle of our priority list, due to 

their rating and scoring in the categories of feasibility, resources required, and their benefit to 

forest resilience. 

Environmental Objectives Assessment 

The assessment of our environmental objectives followed the same three sets of criteria 

that were used for the analysis of economic objectives. The first environmental objective was 
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reducing the risk of high-severity wildfire through increased fuels reduction activities to reduce 

vegetation density and support low-severity fires. The second objective revolved around 

improving and protecting habitat for threatened and endangered species by prioritizing surveys, 

research, and restoration. And our last objective was surveying, identifying, and documenting 

invasive plant and animal species and preventing, slowing or eradicating invasions. The 

environmental objectives scored highest in our weighted decision matrix due to their importance, 

contribution, and value to overall forest resilience. 

Social and Cultural Considerations 

When considering social and cultural objectives, the same evaluation criteria was used to 

determine its importance and need, regarding forest resiliency. One objective included enhancing 

recreation opportunities on the forest by improving existing facilities and providing new 

dispersed and developed recreation opportunities. The second objective was surveying, 

identifying, and documenting cultural resources and taking appropriate actions to preserve at-risk 

sites. Our social and cultural objectives ranked lowest in our weighted decision matrix, not 

because of their lack of importance, but because of their tangential nature to support forest 

health, function, and resilience.  

Trade-Off Analysis 

Determining the appropriate forest management plan objectives, collaboration and 

compromise was needed because of the diverse interests, priorities and benefits that each unique 

stakeholder possesses. Objectives and priorities will rarely align perfectly to benefit all 

stakeholders at a designated time, so compromising and transparent communication will help 

balance and benefit the interests of all stakeholders. Trade-off analysis can be challenging, but 
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weighing objectives in a decision making framework can help objectively determine priorities in 

forest management objectives.  

Synergies and Conflicts 

Conflicts may arise due to the wide ranging objectives included in our matrix, but these 

conflicts have been constant throughout forestry management, and are not necessarily unique to 

the Coconino. Timber production and environmentalists have fundamentally opposing 

perspectives, with one focused on preservation and the other on economic goals. Increased 

timber usage, thinning, and recreation could all have negative effects on threatened and 

endangered species populations through habitat loss or fragmentation, impacts to critical nesting 

areas, decreasing foraging areas, and even soil erosion. Mitigation and monitoring measures will 

need to be taken to address these potential concerns. Thinning can also lead to a level of canopy 

openness that could provide opportunities for invasive species to colonize and establish. This 

could have negative effects on the forest’s native and threatened and endangered species by 

creating competition for limited resources and disrupting the natural balance of the ecosystem. 

Lastly, efforts to preserve cultural resources and limit use of land that is considered sacred to 

Indigenous peoples could lead to conflict with other priorities like recreation and fuels reduction 

that requires access to land.  

There are many potential synergies with our decision matrix. More broad synergies 

include our environmentally focused goals paired with environmentalist groups and our 

economic objectives with stakeholders who benefit from increased economic opportunity. 

Increases in recreation facilities and capacity would allow for more opportunity to sell permits 

for wood collection and camping. Habitat has the potential to be improved by working to reduce 

high-severity fire through increased thinning efforts. Another important synergy is between 



89 

 

objectives to prioritize cultural preservation coupled with people from that culture. There are 

multiple research and surveying opportunities combined with environmental objectives that 

would produce more opportunities for research institutes and stakeholders to get involved. 

Ultimately, these synergies are potential and interactions may have different outcomes than 

anticipated. 

Management Framework 

Decision-Making Processes 

We want the opinions and voices from as many stakeholder sectors as possible to be 

represented. When we are requesting stakeholder opinions to take into consideration in our 

decision making, we will provide opportunities for comments and concerns to be voiced in 

person in monthly stakeholder group (SHG) meetings or via our website to ensure there are 

ample opportunities for interested parties to convey their opinions. We will hold formal votes for 

proposed management actions that will have significant impacts. Votes can be cast in the in-

person stakeholder meetings, or via our feedback tool on the website. Some stakeholder sectors 

will naturally have more representation in the SHG, and we want to ensure all groups have equal 

say in decision making (e.g. there are a lot of environmental non-profits who tend to participate 

in stakeholder processes, but a stakeholder group like private companies may not have as much 

representation). We will attempt to weigh those votes and opinions equally. Ultimately, final 

decisions will rest with us as the managers and the forest’s staff of scientists and natural 

resources professionals.  

Conflict Resolution Procedures 

Identifying Potential Conflicts 
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As managers, our goal is to prepare a five-year management plan that includes our 

proposed actions over the time period. This allows us to make informed management decisions 

and begin to think about conflicts and potential pushbacks early on. When preparing our 

proposed actions, we will identify stakeholder groups that may be affected by or interested in our 

actions so that we may be as prepared as possible. For management actions that may be deemed 

controversial, we will hold individual group work sessions where affected stakeholders may 

voice their concerns. Providing the ability to communicate first hand with stakeholders will 

ultimately allow us to incorporate their feedback, find potential alternatives, and evaluate the 

efficacy of our plans.  

Mediating Disagreements 

In the instance where we need to mediate disagreements, our primary focus will be on the 

identification of alternatives and reaching a generally accepted resolution. Identifying the points 

of contention is a critical first step that will help us evaluate the effectiveness of alternative 

solutions. These alternatives will be reviewed to determine if they are realistic and still meet 

management objectives. If alternatives are not deemed to be viable, we will do our best to find a 

generally agreeable path forward  and compromise between stakeholder groups. Our 

understanding as managers is that listening to stakeholders and their concerns is the largest piece 

of the puzzle, but in the end, we as managers will have the final say in decision making.  

Building Consensus  

To build consensus, getting stakeholder input is our most important priority. We need to 

be as informed as possible about varying opinions so we may find overlap and decide what the 

strengths and weaknesses are of proposed management opportunities. In order to understand the 

pros and cons more thoroughly, we intend on using a majority voting system while ensuring that 
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all stakeholders are represented in the vote. We will provide an even weight to each group’s 

opinion as we see fit. Ultimately, we understand that a full consensus is unlikely, but a majority 

vote will represent what is the most accepted plan of action among stakeholders. 

Documenting Decisions 

Before we can make decisions, there will be an agenda posted on our website so that 

stakeholders have the ability to plan their discussions and the public can see what is to be 

discussed. A scribe will be present at all meetings and will transcribe the entire meeting process. 

These notes will be condensed and summarized to be posted to our website with explanation to 

our decision making process. In the same vein, results from surveys and votes will also be posted 

as extra documentation of involvement from stakeholders. We will provide advance notice and 

ample explanation for all meetings and decision making processes.  

Ethical Considerations 

Indigenous Rights 

Indigenous communities, groups, and government agencies are vital stakeholders in the 

Coconino National Forest. Emphasis will be placed upon collaborating with Indigenous 

stakeholders to understand their needs, goals, and values and ensure fairness, equality, and 

respect for the rights of the sovereign people. One of our goals as managers is to create a plan 

that ensures Indigenous communities have plentiful and equitable access to land that they hold 

sacred. Additionally, traditional practices will be protected and honored to acknowledge their 

importance as stakeholders. Lastly, the Indigenous ecological knowledge that these stakeholders 

provide will be invaluable to us as managers to help us better understand the purposes and value 

of specific plants and wildlife to help us make better management decisions.    

Environmental Justice  
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A critical part of our management plan involves environmental equality throughout 

communities, individuals, and all the diverse stakeholders within the Coconino National Forest. 

As WUI communities grow and expand, fuels reduction efforts will be planned and implemented 

thoughtfully and equally among at-risk communities. Smoke will be managed properly during 

prescribed fires to have the least possible impact upon all communities, and herbicide treatment 

on invasive species will be carefully implemented, being mindful of  important community 

waterways. Post-fire rehabilitation and flooding mitigation management efforts will be 

distributed equally among affected communities. Recreation opportunities and access points will 

be improved or created throughout the forest to ensure all communities will have equal access to 

the Coconino’s abundance of natural resources.  

Intergenerational Equity 

When formulating our management plan, the importance of future generations will be 

critical in decision-making. We as managers aim to ensure the preservation, resilience, and 

health of the forest and its natural resources so that future generations can have equal access to 

the benefits and resources the forest provides. We will consider future generational challenges 

like climate change and long-term drought in our management plan through long-term planning 

that will adapt and evolve to changing circumstances. This will help minimize the effects of 

present and future disturbances on the long-term health and sustainability of forest resources. 

One example of this effort will be to manage invasive species so future generations will be able 

to experience the benefits of healthy resilient forests where native species are thriving.  

Resource Sustainability  

The health and resilience of the Coconino National Forest is of the utmost importance. To 

ensure that resources will be sustainably used for future generations, we will prioritize thorough 
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monitoring of forest resources. For example, timber resource utilization, including the approval 

and distribution of  firewood collection permits and commercial permits, will be adjusted 

according to data collected in order to maintain the health and prosperity of the forest. 

Reforestation will be encouraged to help restore forest cover, and timber harvesting will be 

strategized to target areas at high-risk of experiencing catastrophic wildfire. To preserve 

resources for future generations, we will implement management techniques to maintain varying 

stages of succession to create different age classes, promote biodiversity, and maintain resilience. 

Stakeholder Engagement Strategies 

Stakeholder Engagement Processes  

The Coconino National Forest is a vast, varied landscape that naturally brings with it a 

vast and varied group of stakeholders. At the core of our management plan, we want to engage 

with stakeholders to understand and take into consideration their goals, needs, and concerns. The 

first basic step we will take to engage stakeholders is to create a SHG to help guide our priorities 

and objectives. This SHG would consist of 10-20 core members from different stakeholder 

sectors (e.g. federal, state, and local government agencies, nonprofits, industry, private 

companies), but could change size to accommodate new interest. We will invite a representative 

from all identified sectors to be a part of the group in order to prevent any preconceived biases 

(Walpole et al., 2017). The group will assemble monthly in-person and provide a virtual meeting 

option to encourage remote attendance from group members or members of the public. Meetings 

will focus on upcoming management objectives, including how, where, and when management 

actions will take place, which can tend to be polarizing in collaborative forest management 

groups (Walpole et al., 2017) . A survey voting system will be used to gauge stakeholders 

opinions. Although we will not require a consensus vote to move forward with a decision or 
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management action, we will work with the SHG to consider alternatives, adjustments, and/or 

mitigation for decisions that may be more controversial. SHG opinions will help shape the 

specific protocols of management actions (i.e. thinning prescriptions).  

Communication Protocols  

We will work with the SHG to create a publicly available website to host any relevant 

materials, references, and information about the group’s relation to this management effort. To 

maximize transparency, managers will work with the SHG to create an agenda ahead of monthly 

meetings that will be emailed out to SHG members and posted on the group’s website. Any 

relevant materials will be included for review before the meeting. After monthly meetings, 

meeting minutes and detailed notes will be uploaded within one week. Additionally, the website 

will contain a “comments and feedback” submission area where members of the public who may 

not be able to attend monthly meetings can submit their feedback for consideration. A quarterly 

newsletter will be created that highlights the most significant decisions, upcoming events, and 

implementation progress. 

Management Plan 

Resource Allocation Strategies 

Objective 1: Reduce the risk of high-severity wildfire through fuels reduction activities  

The increasing scale and frequency of high-severity fires across the country necessitates 

the prioritization of management efforts that help prevent catastrophic fire effects. Objective 

number one is to implement fuels reduction efforts to minimize high-severity wildfires through 

thinning and prescribed and managed wildfires to protect the forest, its conservation areas, 

cultural sites, recreational zones, and adjacent WUI communities. We plan to utilize thinning to 

reduce the density of ponderosa pine and incorporate prescribed and managed wildfire in order to 
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reduce fuel loads, decrease ladder fuels, and reduce fuel continuity. These actions will create 

heterogeneity, a balance of mixed-age stands, and will reduce the risk of high-severity fires. Case 

studies produced by the U.S. Fish and Wildlife have shown that prescribed fires can mitigate 

wildfire severity by reducing fuel density, removing ladder fuels, creating safer zones for fire 

crews, improving forest resilience, and establishing strategic fuel breaks that limit fire spread and 

allow for more effective fire management to help protect communities (U.S. Fish and Wildlife 

Services, n.d.). Emphasis will be placed on management of the Coconino’s growing WUI 

communities, as well as for archaeological, historical, and cultural sites located in the Coconino 

National Forest. Managers will conduct archaeological surveys and obtain clearance from the 

State Historic Preservation Office and appropriate subject matter experts to ensure the 

preservation of cultural sites. Buffer zones and fuel mitigation strategies will be utilized around 

known sites to ensure their integrity. Recreation zones will also be prioritized in fuels reduction 

efforts to increase public safety, and protect infrastructure from unforeseen wildfires.   

Objective 2: Survey, document, and treat Bromus tectorum to prevent or mitigate invasions of 

non-native species. 

Our second objective as managers is to prioritize mitigating the current invasion and 

preventing  further spread of cheatgrass (Bromus tectorum). Previous surveys have demonstrated 

that over 290 acres of our management area contain cheatgrass (Appendix D). Cheatgrass is 

known to be a highly competitive species that can increase fire severity and spread (United 

States Geological Survey, n.d., B). We intend to implement surveys to gain a better 

representation of current cheatgrass populations and delineate the extent that they have spread. 

Our goals are to prevent the spread of cheatgrass in a unique Cinder Field habitat to protect 

native and endemic species, such as Sunset Crater beardtongue (Penstemon clutei). In order to 
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reach these goals, we will utilize a number of different restoration and mitigation methods 

including hand-pulling and spreading native seed (U.S. Department of Agriculture, 2014). We 

only plan to rely on chemical controls in extreme circumstances.  

Addressing the spread of cheatgrass will benefit other aspects of our management plan as 

well. Timber management can benefit by burning fuels and cheatgrass populations within the 

forest mixture, as it increases fire risk (United States Geological Survey, n.d., B). When 

assessing cultural sites, we will conduct surveys and try to preserve them by buffering our 

mitigation efforts away from known sites. Ultimately, management of cheatgrass spread within 

our treatment area allows for extensive surveying efforts, which has the possibility to bring other 

aspects of the forest to our attention.  

Zoning Plan and Justification 

The zoning and vicinity maps in Appendices B and C depict the long-term planning area 

where we plan to carry out our objectives. Our management actions will take place in Townships 

22N and 23N and Range 8E and 9E. The planning area is located adjacent to the community of 

Doney Park, AZ and approximately 9 miles NE of Flagstaff, AZ. The 5,920 acre planning area 

consists of three Ecological Response Units (montane/subalpine grassland, pinyon-juniper 

woodland, and ponderosa pine forest), but is primarily dominated by ponderosa pine forest. We 

chose to focus our management plan and objectives in this ecosystem because of the biodiversity 

contained in the greater San Francisco Volcanic Field (U.S. Geological Survey, n.d., A). The 

project area is approximately two-miles south of Sunset Crater Volcano National Monument. 

Access and Infrastructure Considerations 

The project area contains approximately six miles of Forest Service roads, one of which 

bisects the area diagonally. This road network will help create access for thinning equipment and 
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act as control lines for prescribed fire. Additional temporary roads may need to be constructed to 

allow access to more remote areas and to create landings.  The Cinder Fields environment can be 

hard terrain to traverse, and ideally we will try to leave the least permanent impact as possible by 

using existing roads. The project area is adjacent to a WUI community, so we will need to be 

mindful of the proximity to the public when machinery is brought to the site. 

Timeline for Implementation 

We plan to implement actions to achieve our objectives within five years of the plan 

being published. After implementation, we will conduct annual monitoring to determine if 

additional treatments are warranted. Every five years we will reassess our management actions 

and use adaptive management to achieve desired results.  

Budget Considerations 

 Costs for restoration and management work vary greatly by habitat type, treatment type, 

and size of treatment. Pine thinning in the Coconino tends to cost around $800/acre (E. Barton, 

personal communication, April 17, 2025). Prescribed fire is estimated to cost around $78.13/acre 

(Cleaves et al., 1999). Data on mechanical treatment of cheatgrass is lacking, but chemical 

control averages between $15 and $28/acre (Hewlett, 2024). Although these actions can be quite 

costly across a large project area, the cost of no action could be far more expensive (Appendix 

F). Investments in these types of restoration work in high fire risk areas have been shown to have 

an economic return of seven dollars for every dollar invested (Hjerpe et al., 2024). 

Monitoring and Adaptive Management 

Monitoring Indicators and Methods 

Objective 1:  Reduce the risk of high-severity wildfire through fuels reduction activities  
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Indicators we will use to determine the success of our treatments include fuel depth, stand 

density, and canopy cover. Following a prescribed fire or managed wildfire we will use 

quantitative and qualitative data such as burn severity, fire intensity, and the extent of the fire to 

determine if the desired objective of fuels reduction were met. Additionally, we will utilize acres 

treated with thinning or fire to determine if our efforts are occuring at an appropriate scale. 

Objective 2:  Survey, document, and treat Bromus tectorum to prevent or mitigate invasions of 

non-native species. 

Our indicators of success include establishing and monitoring permanent plots to assess 

cheatgrass cover and population. Areas known to have populations of cheatgrass will be 

monitored annually to document changes in spread and extent, while different removal 

operations will be done to combat increasing population numbers.  

Data Collection Procedures 

Objective 1:  Reduce the risk of high-severity wildfire through fuels reduction activities  

In measuring methods, we will establish permanent fixed monitoring plots to resurvey 

and assess thinning treatments to analyze if we have reached our conditional goals and objectives 

for fuels reduction treatments. In the prescribed fires treatment areas we will analyze and 

determine if the amount treated meets our fuels reduction objectives and specificity.   

Objective 2:  Survey, document, and treat Bromus tectorum to prevent or mitigate invasions of 

non-native species. 

Methods for measuring will include the establishment of permanent ten by ten meter 

plots with rebar placed at each corner. Crews will be assembled to survey the plots annually. 

Plots will be resurveyed by use of the point-intercept method and estimating percent cover. 
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Certain plots will be determined as controls, where no treatment will be done. Others will have 

different treatments done to analyze the efficacy of our methods.  

Evaluation Criteria 

When evaluating the success of treatments, we will focus on the treatment’s contribution 

to forest health and resiliency. This will include impacts to fire-risk reduction and achievement 

or movement of the ecosystem towards historical reference conditions. Our main focus as 

managers is to help support the function of the ecosystem and create conditions conducive to 

supporting native biodiversity.  

Adaptive Management Triggers and Responses 

Objective 1:  Reduce the risk of high-severity wildfire through fuels reduction activities  

Through our evaluation, reporting, and continual studies, we will determine if adaptive 

measurements need to be made. If desired fuels conditions and planned objectives are not being 

met, we will proceed with further treatments at a different pace and scale. If there is no 

indication of positive impacts of fuels reduction efforts upon the environment or the decreasing 

of fire severity within five years, we will adjust our management strategies and adapt to what is 

needed. 

Objective 2:  Survey, document, and treat Bromus tectorum to prevent or mitigate invasions of 

non-native species. 

In the case that our studies and methods show no change in cheatgrass cover (or an 

increase in cover) we will pivot our methodology. Depending on the results we will consider 

increasing efforts to be more intense or try to utilize different management techniques. We will 

prioritize the techniques with the least environmental impact to use first, and work farther into 

less sustainable methods if deemed necessary. If there is no indication of improvement in 
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cheatgrass spread and population within five years, we will adjust our management strategy 

according to what we see fit.  

Conclusions and Recommendations 

Summary of Key Findings 

 Our key findings were rooted in the importance of stakeholder involvement, collaboration 

across the forest, and the potential cost prohibitive aspects of management. Generally from our 

stakeholder interviews, we were able to see that there is a lot of collaboration and involvement 

built into the management of the Coconino, and how important it is to our stakeholders. 

Although there are a lot of goals incorporated in the management of the forest, these goals can be 

cost prohibitive, as we found in our research of implementation of our objectives.   

Critical Success Factors 

 The success of our management objectives hinges on several foundational assumptions. 

First, appropriate funding and staffing from the Forest Service is critical to being able to carry 

out the full extent of the planned treatments. Federal budgets can be difficult to predict so we 

will turn to our funding and implementation partners to help carry out the project if this becomes 

problematic. Second, we must prove to stakeholders why the proposed treatment types, locations, 

and goals are necessary in order to gain their approval and support for the work. As a 

stakeholder-focused management team, we want to ensure that we are moving forward with 

generally acceptable management actions. 

Implementation Challenges 

There are numerous funding, workforce, and policy standards that will make 

implementation of our planning challenging. One major challenge will be obtaining National 

Environmental Policy Act (NEPA) clearance which requires a thorough environmental 
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assessment and public involvement process. Archaeological site clearance will take time due to 

preservation requirements and management responsibilities to ensure the protection of the 

historical and cultural significance of the sites. Another challenge is the unpredictability of the 

weather, such as a severe fire season or a prolonged winter season that could limit and disrupt 

forest management plans and efforts.  

Future Recommendations 

 Our future recommendations are relatively broad, but hold importance for the project 

area. We found that there is a lot of value in adaptive management and identifying the efficacy of 

management techniques. We urge the Coconino National Forest management team to see how 

their management works, and adjust if they don’t see their desired effects. We suggest that there 

are more treatments to be done adjacent to our focus area, and they can be adjusted accordingly. 

In general, we found that the Coconino was a very collaborative forest that depends on a variety 

of stakeholders to reach desired results.  
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Appendices  

Appendix A- Stakeholder Interview Summaries 

The Ecological Restoration Institute’s (ERI) interview (with Amy Waltz) was focused on 

her insight as a science communicator within the ERI and her collaboration with the Coconino 

National Forest and other land management agencies. Amy was very forthcoming about the 

struggles with management as an ERI communicator. Ultimately, her information and 

communication leads to physical field work done by the institute. Their goal is to advance 

management techniques and do research on how forests are changing in this modern era with 

new administration in the government. 

We interviewed John Pelak, Northern Arizona District Forester, and Travis Aldrich, 

Assistant District Forester, from the Arizona Department of Forestry and Fire Management 

(DFFM) via email. The discussion centered around DFFM’s goals as a state agency to reduce 

wildfire risk, increase public safety, improve forest health, and protect infrastructure. They 

emphasized the general alignment of goals between DFFM and the Coconino National Forest, 

which helps them accomplish work through the Good Neighbor Authority (GNA).  

We interviewed Hannah Buchanan, Forest Health Analyst, and Elvy Barton, Senior 

Manager of Water and Forest Sustainability, at Salt River Project (SRP) via video conference. 

The discussion centered around SRP’s goals and how management of the Coconino National 

Forest impacts water supplies, water quality, and maintenance of water storage reservoirs. They 

emphasized how overly dense areas of forests can be at higher risk for experiencing high-

severity wildfire and how those areas should be prioritized and targeted for fuels reduction 

efforts. They discussed why SRP invests in forest restoration projects in the Coconino National 

Forest due to the infrastructure they depend on that is located on federal lands (e.g. C.C. Cragin 
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Reservoir, water delivery infrastructure) and the risk that wildfire and post-wildfire poses to 

those assets. Because a large majority of the Verde watershed contains lands managed by the 

federal government, decisions made in the Coconino can have significant impacts on the 

company.   
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Appendix B- Vicinity Map 
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Appendix C- Zoning Map 
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Appendix D- Cheatgrass Invasion Map 
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Appendix E- Monitoring Protocols 

Objective 1:  Reduce the risk of high-severity wildfire through fuels reduction activities  

 For thinning: 

1. Establish fixed-radius 1/10th-acre monitoring plots in planned treatment areas 

2. Conduct pre-treatment data collection to determine baseline conditions (This will 

include measurement of tree diameters, tree heights, canopy cover, and stand 

density) 

3. Conduct post-treatment data collection and determine if objectives were met  

4. Continue annual data collection to monitor regrowth and success of subsequent 

treatments 

For prescribed fire: 

1. Establish fixed 10x10 meter  monitoring quadrants  

2. Conduct pre-treatment data collection to determine baseline conditions (This will 

include measurement of fuel bed depth, fine woody debris, coarse woody debris, 

and vegetation cover) 

3. Conduct post-treatment data collection and determine if objectives were met 

4. Continue annual data collection to monitor regrowth and success of subsequent 

treatments 

Objective 2:  Survey, document, and treat Bromus tectorum to prevent or mitigate invasions of 

non-native species. 

1. Establish fixed 10x10 meter monitoring quadrants with rebar at each corner 

2. Conduct pre-treatment data collection to verify the existing field data collected by the 

Forest Service and make and corrections to the delineation of the species’ extent  
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3. Conduct post-treatment data collection and determine if objectives were met  

4. Continue annual data collection in entire management plan area to monitor new invasion 

areas to inform adaptive management  
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Appendix F- Treatment Budget Details 

Treatment Estimated Cost/Acre Estimated Total Cost 

Thinning $800 x 5,322.37 acres of 

ponderosa pine 

$4,257,896 

Prescribed Fire $78.13 x 5,920 acres  $462,529.60 

Cheatgrass Treatment $15-$28 on average x 290 acres 

of cheatgrass 

$4,350-$8,120 

TOTAL $4,724,775.60 - $4,728,545.60 
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