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WHAT IS THE BIO-REGIONAL ASSESSMENT? 

Structure of the Bio-Regional Assessment 

The Bio-Regional Assessment is organized as follows:   

An opening section that answers the question ñWHAT IS THE BIO-REGIONAL ASSESSMENT?ò and 

provides history and context; 

A description and map of the ASSESSMENT AREA;  

FINDINGS for the key themes identified:  

1. Water Quality and Quantity 

2. Fire Resilience 

3. Sustainable Recreation 

4. Ecological Integrity 

5. Community Resilience 

CONCLUSIONS about the key themes and integration across them; 

REFERENCES cited throughout the document;  

HELPFUL  LINKS;  

NON-DISCRIMINATION STATEMENT.   

The goal was an understandable, plainly written document.  The writers tried to include an appropriate 

level of technical detail without jargon.  Acronyms were spelled out or avoided when possible.  



4 

 

 

 

 

History and Context 
There has always been strong interest in the management of the national forests in the Sierra Nevada, but 

interest really became focused with the original forest plans developed in the 1980s through early 1990s.   

Those original forest plans took between 6 and 8 years to complete and were contentious.  They mainly 

focused on social interests of the time, and new computer modeling that, in a mechanical way, found 

ñoptimalò solutions.  As a result, there was controversy over balancing multiple uses.  In the early 1990s, 

concerns emerged about trends in old forest habitats needed for species like the California spotted owl.  

This led to a major change in the newly adopted forest plans.  This was the start of considering a bio-

regional approach to planning around resources in the Sierra Nevada.  This approach ultimately 

culminated in the Sierra Nevada Forest Plan Amendments to each individual forest plan.   

Controversy is not always a bad thing.  One positive benefit of continuing controversy surrounding 

management of Sierra Nevada forest resources is the emergence of local and larger-scale collaborative 

efforts.  These span collaboration with local stakeholders on specific projects, to nationally selected 10-

year projects under the Collaborative Forest Landscape Restoration Act, to the Sierra Cascades Dialog 

initiated in 2010.  Each of these works to strengthen understanding of the social, economic, and 

environmental resources to consider, plan and act toward common goals.   

The 2012 Planning Rule, with its substantial focus on collaboration and adaptive planning, is the next step 

in improving management of the national forests.  There is an opportunity to blend and leverage the 

different strengths that come from collaboration at multiple scales.  Adaptive planning helps find a 

balance between planning, doing, and learning that more effectively and efficiently uses taxpayer funds to 

manage for sustainability of the resources and opportunities provided by national forests.  This process of 

developing a Bio-Regional Assessment, followed by forest assessments and plan revisions on the three 

ñearly adopterò national forests represents the evolution of improved management that will benefit not 

just the Sierra Nevada, but the nation as a whole.   

2012 Planning Rule 
The 2012 Planning Rule provides the structure for the national forests in California to create local land 

management plans.  This rule establishes an ongoing, three phase process:  1) assessment; 2) plan 

development or revision; and 3) monitoring.   

The 2012 Planning Rule is intended to create understanding around landscape scale management.  It takes 

an integrated and holistic approach that recognizes the interdependence of ecological processes with 

social and economic systems.  This approach uses best available science to inform decisions along the 

way.  Collaboration with stakeholders and transparency of process are key ways the 2012 Planning Rule 

guides creation of forest plans for the future.   

While the Bio-Regional Assessment is not required by the 2012 Planning Rule, it provides context on 

themes that cross boundaries over this larger landscape.  The forest plans that flow from it will guide 

sustainable integrated resource management on National Forest System (NFS) lands.  Forest plans will 

consider a full range of multiple uses on NFS lands where jobs are generated and economic opportunities 

are created.  The Bio-Regional Assessment facilitates the dialogue about issues that affect larger areas and 
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more people, and lets the forests use the information for forest-level assessments.  The California early 

adopter forests under the 2012 Planning Rule that will tier off the Bio-Regional Assessment are the Sierra, 

the Sequoia and the Inyo National Forests.   

Leadership Intent and Ecological Restoration 

In the Pacific Southwest Region of the Forest Service, leadership intent around ecological restoration is to 

retain and restore ecological resilience of national forest lands to achieve sustainable ecosystems that 

provide a broad range of services to humans and other organisms.  Forest Plans guide decisions that will 

achieve that sustainability for both the resources and our stakeholders, today and in the future.   

The Bio-Regional Assessment is a reflection of conditions on the ground.  Wildfires donôt care about 

forest or county boundaries.  Organisms arenôt concerned with state lines.  Pollution drifts over the entire 

landscape, not a particular city.  The hope is that considering the larger landscape will show the fluidity 

and interconnectedness of social, economic and ecological elements, and shine light on issues to work on 

in a larger way.   

Best Available Scientific Information 

The Bio-Regional Assessment is based on the best available scientific information (BASI) as required by 

the 2012 Planning Rule. The writers reviewed the available scientific information and determined which 

is the most accurate, reliable, and relevant information for topics and themes. The characteristics 

generally expected in a valid scientific process are: 

PEER REVIEW: The information has been critically reviewed by other qualified scientific 

experts in that scientific discipline. The criticism of the peer reviewers has been addressed by the 

proponents. Publication in a refereed scientific journal usually indicates that the information has 

been appropriately peer-reviewed. 

METHODS:  Information gathering methods are clearly stated and can be replicated. The 

methods are standardized in the pertinent scientific discipline or, if not, the methods have been 

appropriately peer-reviewed for reliability and validity. 

LOGICAL CONCLUSIONS AND REASONABLE INFERENCES:  Conclusions are based 

on reasonable assumptions, are supported by other studies, and are consistent with the general 

theory underlying the assumptions. Conclusions are logically and reasonably derived from the 

assumptions, and are supported by the data. Gaps in information and inconsistencies with other 

pertinent scientific information are explained. 

QUANTITATIVE ANALYSIS:  Data have been analyzed using appropriate statistical or 

quantitative methods. 

CONTEXT:  The information is in proper context. Assumptions, analytical techniques, data, and 

conclusions are appropriately framed with respect to the prevailing body of pertinent scientific 

knowledge.  Information is the most pertinent to the conclusions being drawn and to the 

geographic context. 
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REFERENCES:  Assumptions, analytical techniques, and conclusions are well referenced with 

citations to relevant, credible literature and other pertinent existing information. 

Typically BASI is developed using the scientific method, which includes clearly stated questions, well 

designed investigations and logically analyzed results, documented clearly and subjected to peer review.  

However, BASI may also be information from analyses of data from a local area, or studies to address a 

specific question in one area. The BASI could also result from expert opinion, panel consensus, or 

observations, as long as the responsible official has a reasonable basis for relying on that scientific 

information as the best available .Additionally the Bio-Regional Assessment used local knowledge, such 

as tribal knowledge, when appropriate and applicable. 

Science Synthesis 
To support the scientific basis of the Bio-Regional Assessment, the Pacific Southwest Region of the 

Forest Service sponsored a Science Synthesis, researched and written by scientists at the Pacific 

Southwest Research Station.  At the time of the writing of the Bio-Regional Assessment, the Science 

Synthesis was still in draft form.  The Science Synthesis integrates peer-reviewed scientific information 

across disciplines to inform and lead to tangible options for land managers and stakeholders.  The 

Research Station provided additional review opportunities after the draft was released, and will publish a 

final version in the near future.  This Science Synthesis will be used during the NEPA phase of forest plan 

revision.  Much of the information compiled in the draft Science Synthesis was relevant and useful to help 

frame the Bio-Regional Assessment.  

Drivers and Stressors 

Changing climate, human populations, floods, and fires are all potent forces that drive or stress natural 

ecosystems, communities of people, and services derived from wildlands.  These are called ñdrivers and 

stressorsò.  Drivers and stressors are used throughout the Bio-Regional Assessment as common threads 

among the key themes.  Looking at drivers and stressors across boundaries helps describe current 

conditions and identify trends.   

The 2012 Planning Rule describes drivers as:  

Natural disturbance regimes; predominant climatic regimes; broad-scale disturbance regimes such 

as wildfire, wind, flooding, insects, and disease and natural vegetation succession including: 

human-caused changes in successional pathways that may maintain vegetation in an 

uncharacteristic age or size-class condition; scarcity and abundance of successional states relative 

to the reference period. 

Stressors are defined by the 2012 Planning Rule as:  ñthose that: directly and indirectly degrade or impair 

key ecosystem characteristics and ecological integrity.ò 

Collaboration 
There has been a major shift in how collaboration is approached in these early stages under the 2012 

Planning Rule.  The old way of doing business was to create forest plan documents, and then present them 
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to the public for comment.  Changes in society, higher expectations for engagement, and new regulations 

have all created the need to take a different approach.  Success means new, different, creative ways of 

operating collaboratively.   

There has been engagement with the public at numerous face-to-face workshops and technology has been 

used to interact virtually.  The Sierra Cascades Dialog continues to be an important vehicle for 

engagement on forest planning.  The meetings are designed and built with partners, not in a vacuum.  The 

on-line community called Our Forest Place, a non-Forest Service site, is where members interact on 

blogs, and in discussion groups, and where they can find information about forest planning and current 

events.  The Living Assessment is a wiki tool comprised of chapters aligned to the 15 topics laid out in the 

2012 Planning Rule at the bio-regional and forest scales.  

Chapter 1 Ecological Integrity of Ecosystems 

Chapter 2 Air, Soil, Water 

Chapter 3 Drivers and Stressors 

Chapter 4 Assessing Carbon 

Chapter 5 At-risk Species 

Chapter 6 Social, Cultural, Economic 

Chapter 7 Benefits to People 

Chapter 8 Multiple Uses 

Chapter 9 Recreation 

Chapter 10 Energy and Minerals 

Chapter 11 Infrastructure 

Chapter 12 Tribal 

Chapter 13 Cultural 

Chapter 14 Land 

Chapter 15 Designated Areas 

Relationship between the Living Assessment and the Bio-Regional 
Assessment 
The information found inside each of the chapters on the Living Assessment is intended to describe 

current conditions and trends.  By outreaching to stakeholders, there has been direct engagement in 

contributing to the content, not just reviewing the information.  Many interested constituents have added 
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important and valuable input directly, creating a ñlivingò body of work, in partnership with Forest Service 

scientists and specialists.  This is a remarkable shift in the approach to public involvement.   

In January, 2013 the Regional Planning Team began working with agency specialist, researchers, and 

interested stakeholders and providing their own initial contributions to the Living Assessment.  Over the 

course of the next several months, the team monitored entries, gathered information, responded personally 

to questions and addressed concerns from contributors.  They focused attention on areas where there was 

significantly more interest than others and provided additional exposure to those through workshops and 

podcasts.  On April 8, a snapshot of the bio-regional chapters was taken, and the team began sifting 

through the information to synthesize what was most relevant.   

When the idea of using a wiki tool was conceived, the hope was to very actively monitor and manage the 

content on the bio-regional chapters as they were being edited and to actively work to identify and fill 

gaps of knowledge and engage in dialog when there were discrepancies in information.  What was learned 

in actuality was that it would take more resources (time and personnel) than were available to do this.  In 

addition, some stakeholders were reluctant to add information while others were very active, resulting in 

the potential for unbalanced information.  Further complicating continual review is the fact that as a living 

and open platform, The Living Assessment is constantly changing.  Thus, all the information has to be 

evaluated to ensure that all of the information posted there meets the standards of Best Available 

Scientific Information as described in the 2012 Planning Rule.  Regardless, the wiki environment has 

been extremely valuable in capturing and evaluating the information currently available to determine 

when there are definitive sources and where there are uncertainties or conflicting information.  This has 

facilitated a higher level of conversation with stakeholders and we believe has made a stronger Bio-

Regional Assessment.   

Based on learning about the use of a wiki tool, the approach was adapted and the team used a very 

deliberate process to consider the information in The Living Assessment chapters when preparing the Bio-

Regional Assessment.  In the process of writing the Bio-Regional Assessment, the team refined or 

developed additional information, and this information has been or will be posted to The Living 

Assessment soon. The intention is that The Living Assessment will continue to be updated by Forest 

Service specialists and by members of the public after the Bio-Regional Assessment and Forest 

Assessments are finalized, and during the forest-level NEPA processes which follow.  The vision is that 

The Living Assessment continues to improve and serves as a foundation of knowledge to inform the 

continual, adaptive planning process. 

Opportunities for Alignment of Agency Conservation Planning 
The California Biodiversity Council is composed of 42 federal, state, and local government agencies and 

organizations, and works to improve coordination and cooperation related to natural resource 

conservation. In February 2013, the Council approved the resolution ñStrengthening Agency Alignment 

for Natural Resource Conservation.ò  

VISION:  

Over time, the broad goals and conservation measures for biodiversity adopted by 

agencies from all levels of government are aligned and government operations are more 
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efficient. As a result, the plans, programs, policies, and regulations described in agency 

documents portray a consistent vision of desired, and regionally-appropriate, conditions 

for conservation and management of natural resources across California. 

GOALS: 

Increased coordination with all levels of governments and agencies (federal, tribal, state, local), 

stakeholder groups, private landowners, and others; increased effectiveness through leveraging 

of existing networks, relationships, and multiagency venues; improved sharing of data, 

information, tools and science among governments and agencies; and better alignment of 

planning, policies and regulations across governments and agencies; and coordinated and 

streamlined permitting to increase regulatory certainty. 

National forest plan revisions present an opportunity for the Forest Service to further the goals of this 

resolution. Already, the Forest Service is strengthening relationships with several state agencies and 

actively participating in the following major statewide resource planning efforts:  

¶ 2013 update to the California Water Plan 

¶ 2015 update to the California State Forest and Rangelands Assessment 

¶ 2015 update to the California State Wildlife Action Plan 

The Forest Service is also an active participant in the system of Landscape Conservation Cooperatives, 

tapping into coordinated science partnerships and collaborative landscape planning. In the Sierra Nevada 

bio-region, there are three nationally selected Collaborative Forest Landscape Restoration Program 

projects that are innovating collaboration: 

¶ Dinkey Landscape Restoration Project on the Sierra National Forest 

¶ Burney-Hat Creek Basins Project on the Lassen National Forest 

¶ Amador-Calaveras Consensus Group Cornerstone Project on the Stanislaus and Eldorado National 

Forests 

During the plan revision, there will be opportunities to align forest plans with broader conservation 

strategies and objectives.  It will be important to learn from these and other planning efforts in order to 

realize efficiencies in planning. It will also help forest plans better consider the unique contributions of 

the national forests to providing ecosystem services at the state, regional, and local scales. 

There are many challenges to aligning agency planning efforts, including limited budgets and varied 

timelines for completion of plans.  By committing to working toward alignment in the adaptive planning 

framework of the 2012 Planning Rule, greater efficiencies can be realized to overcome these obstacles. 

Success in greater alignment of conservation planning is essential to increase the ecosystem services 

benefit for both people and natural resources. 



10 

 

 

 

 

Identifying Themes 

The Bio-Regional Assessment integrates social, economic and ecological systems.   The Regional 

Planning Team relied heavily on bio-regional chapters of The Living Assessment described above.  The 

goal was to weave together the information from The Living Assessment to describe the 

interconnectedness of these systems, the condition they are currently in, and how they are trending.  

The five themes identified are:  Water Quality and Quantity; Fire Resilience; Sustainable Recreation; 

Ecological Integrity and Community Resilience. 

These key themes were identified by answering the following questions:  

¶ Is it related to, and appropriately addressed at the bio-regional scale?  

¶ Is there broad interest in it? 

¶ Is sustainability in question?   

¶ Does it have linkages woven through the topic papers? 

¶ Is it something that forest plans influence? 

¶ Is it relative to the Leadership Intent for Ecological Restoration and the 2012 Planning Rule?  

The answers to these questions led to emerging themes consistent with the Leadership Intent for 

Ecological Restoration and the 2012 Planning Rule, both of which focus on sustainability of key 

ecosystem services.  In both, the integration of social, economic, and ecological sustainability are 

emphasized.  In the Leadership Intent, specific areas of water and riparian areas, watershed restoration, 

fire and carbon resiliency, recreational opportunities and local economies, and ecosystem services in 

general are emphasized. The topics set out in the 2012 Planning Rule gave us a way to gather information 

on a more detailed set of topics.  Within those 15 topics, there are repeating threads that connect water, 

fire, air, ecological integrity, recreation, and communities.   

The goal was to identify key themes consistent with the Leadership Intent for Ecological Restoration, find 

common threads among the fifteen topic areas, and focus on sustainability and integration of social, 

economic, and ecological integrity as directed by the 2012 Planning Rule.  

Tying Forest Assessments to the Bio-Regional Assessment  

 The Bio-Regional Assessment INFORMS and GUIDES the forest assessments; it does not direct.  The 

early adopter Sierra Nevada forests, the Sierra, the Sequoia and the Inyo, will consider the condition and 

trend information from the Bio-Regional Assessment as they develop their forest assessments and as they 

work toward their forest ñneed for changeò.  In the forest assessments, they will address each of the 

fifteen topics laid out in the Planning Rule and associated draft directives.   

The linkages between the Bio-Regional Assessment and the forest assessments may be different for each 

forest; however the forests will use the document in a consistent way as they consider those five themes.  

The forests will emphasize topics of particular importance for their forest under the five Bio-Regional 

Assessment themes, based on internal expertise and stakeholder input, and weave the themes into their 

assessment conclusion statements.   
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The Bio-Regional Assessment does not provide solutions or decisions.  Its purpose is to describe 

conditions and trends over the larger landscape for the forests as they move through their forest plan 

revision process.   

2004 Sierra Nevada Framework 

Information on the current bio-regional scale management direction is included at the end of each theme 

for understanding of the management practices that have resulted in the current conditions and probable 

trends.  Trends were determined assuming that current management direction would persist into the 

future. 

The next phases of the plan revision process include determinations of the need for change to existing 

management direction.  The hope is that these short summaries of the existing management direction are 

helpful as they relate to the five themes of the Bio-Regional Assessment.  As the forests progress through 

the next stages of the planning process, a more detailed look at management direction will take place to 

determine what may need to be changed in specific forest plans. 

Sustainability  

The 2012 Planning Rule directs that forest plans provide for social, economic, and ecological 

sustainability within Forest Service authority and consistent with the inherent capability of the plan area.  

Sustainability is the capability to meet the needs of the present generation, without compromising the 

ability of future generations to meet their needs.  Ecological, economic, and social sustainability are 

further defined as follows:  

¶ Ecological sustainability: Capability of ecosystems to maintain ecosystem integrity. 

¶ Economic sustainability:  Capability of society to produce and consume or otherwise benefit from 

goods and services including contributions to jobs and market and nonmarket benefits. 

¶ Social sustainability:  Capability of society to support the network of relationships, traditions, culture, 

and activities that connect people to the land and to one another, and support vibrant communities. 

According to the National Report on Sustainable Forests (USFS 2011a), through sustainable management, 

forests can contribute to the resilience of ecosystems, societies, and economies, while safeguarding 

biological diversity and providing a broad range of goods and services for present and future generations. 

Land management decisions need to account for influences and interactions among the three arenas of 

environment, society, and economy in order to achieve sustainability. 

Outdated and weak sustainability envisioned the environmental, social and economic realms as 

intersecting, yet separate parts of a system. The updated model of strong sustainability, adopted by the 

Forest Service (USFS 2011a), reflects a more holistic and scientifically rigorous understanding of the role 

and need for a healthy environment to sustain human society and economies, in synch with intact 

ecosystems. 

The 2012 Planning Rule recognizes that social, economic, and ecological systems are interdependent, 

without one being a priority over the other. As such, it requires the consideration of all three in all phases 



12 

 

 

 

 

of the planning process. National forest management can influence social and economic conditions 

relevant to a planning area, but cannot ensure social and economic sustainability, because many factors 

are outside the control and authority of the decision maker. For that reason, the 2012 Planning Rule 

requires that forest plans contribute to social and economic sustainability within Forest Service authority, 

and the inherent capability of the plan area. 
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WHAT IS THE ASSESSMENT AREA?   

The boundary of the Sierra Nevada bio-region is the full study area boundary used in the 1996 Sierra 

Nevada Ecosystem Project (SNEP) final report to Congress. Socio-economic data for the counties that 

intersect this boundary was examined.   

Findings from the Sierra Nevada Conservancy (SNC), a California state agency that recently developed a 

report on socio-economic indicators in the Sierra Nevada were also used. The SNCôs boundary for the 

Sierra Nevada was established by statute.  The report either uses census block data that closely aligns with 

the boundary, or county-level data. The SNC boundary is similar to the SNEP boundary of the Sierra 

Nevada, except that it excludes the Tahoe Basin, a portion of Nevada, and a portion in the northwest along 

the boundary with Oregon.  

Using census block data allows for a precise definition of the Sierra Nevada as defined by the SNC 

boundary, with the toe of the Sierra foothills forming the western boundary. Alternatively, using counties 

that intersect the SNEP boundary, results in the inclusion of certain Central Valley cities, such as Fresno 

and Bakersfield. The SNC report is more descriptive of local socio-economic conditions in the Sierra 

Nevada. The SNC population base is much smaller than the population base for the aggregate of counties 

that intersect the SNEP boundary, and portrays a different picture in terms of population growth, diversity, 

employment, and other socio-economic measures.  

Providing a broadened definition of the Sierra Nevada is vital to understanding the region and changes on 

the horizon.  Many of the changes to the communities immediately outside the Sierra Nevada will 

influence national management.  These are communities the Forest Service is trying to better understand, 

reach and engage.  

The relief map below shows mountain ranges in light brown, valleys in beige, and water in blue.  Also 

shown on the base map are county lines, major highways, and key gateway cities such as Redding, 

Sacramento, Reno, Fresno, and Bakersfield.  Additional major cities shown are San Francisco, Los 

Angeles, and Las Vegas.  The Bio-Regional Assessment area is the boundary from the Sierra Nevada 

Ecosystem Project.  It is shown in orange and includes the entire Sierra Nevada mountain range and 

California portion of the Cascades Range north to the Oregon border and east generally to the Nevada 

border.  It includes the Sierra Nevada foothills on the west, the Modoc Plateau in the northeast and the 

eastern portion of the Sierra Nevada range that extends into Nevada around Reno and Lake Tahoe and 

south and east to the White Mountains. Overlaid on the map within the Bio-Region boundary are the 

national forests in green and national parks in medium brown.  The national forests from north to south 

are: Modoc, Lassen, Plumas, Tahoe, Lake Tahoe Basin Management Unit, Eldorado, Stanislaus, Inyo, 

Sierra, and Sequoia.  In the northwest small portions of the Klamath and Shasta-Trinity National Forests 

are included.  The national parks shown from north to south are:  Lassen Volcanic, Yosemite, Sequoia and 

Kings Canyon, and Death Valley. 
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Map of the Sierra Nevada Bio-Region in California 
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WHAT ARE THE FINDINGS? 

WATER QUALITY AND QUANTITY 

What Are We Trying To Sustain at the Bio-Regional Level?   

1. Functioning watersheds 

2. Good water quality and quantity 

Functioning Watersheds 

A watershed has five main functions (UF IFAS Extension 2007).  These functions are 

hydrological and ecological in nature. 

¶ Hydrological functions: collect rainfall water; store water in various amounts and for different 

periods; release water as runoff.   

¶ Ecological Functions: provide conditions and sites for various biochemical reactions to take 

place; provide habitat to flora and fauna of various kinds.   

A total of 774 sub-watersheds were assessed on the ten Sierra Nevada national forests in 2010 

using the Forest Service Watershed Condition Framework. The sub-watersheds ranged in size 

from 8,058 to 236,289 acres, including National Forest System (NFS) and non-NFS lands, with a 

mean of 23,025 acres. Of these sub-watersheds, 490 (63 percent) were classified as ñfunctioning 

properly,ò 344 (44 percent) were classified as ñfunctioning at risk,ò and forty (five percent) were 

classified as ñimpaired function.ò 

The national forests in California have generally provided a high level of protection for the Sierra 

Nevada headwaters.  For example, a recent statewide survey found that streams in forested 

watersheds were in better condition than streams in watersheds in any other land use (Ode 2007, 

Domagalski et al. 2000, Kratzer and Shelton 1998, Ahearn et al. 2005).  Seventy-eight percent 

were in an un-degraded condition, according to a 2010 rapid watershed condition assessment by 

forest hydrologists, soil scientists, and aquatic biologists (USFS 2013). When a forest stream 

segment was very impaired, the following stressors were most associated with that poor 

condition: total nitrogen (30 percent), chloride (20 percent), total phosphorus (10 percent), lack of 

habitat complexity (20 percent), and riparian disturbance and streambed stability (10 percent) 

(Hunsaker et al. 2013b). 

Sierra Nevada watersheds face significant threats including fire, poorly planned development, and 

unauthorized recreation.  Past impairment of watersheds has been primarily driven by road-

related impacts, barriers to aquatic connectivity and non-native species (USFS 2011e).  

Additionally, hydrologic function has been adversely impacted by forest activities that were 

historically more intense such as agriculture, mining, roads, and livestock grazing.   
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Climate Change 

The effects of climate change are apparent in rising minimum temperatures, earlier snowpack 

melting, changing stream hydrology, and increased frequency of large, severe wildfires (Safford 

et al. 2012). Climate changes are also expected to change the pattern, frequency, and intensity of 

disturbances (Safford et al. 2012). The result will be increased wildfires, doubling the area burned 

annually by the middle of the 21st century. Pulses of soil erosion and flooding caused by higher 

rainfall intensity will increase, but the pattern will be highly variable.  This will also affect how 

forest roads are built and maintained, along with other infrastructure. With warming temperatures, 

trees are expected to decrease soil moisture and increase evapotranspiration, thus leaving less 

water for movement to streams.  Mechanical thinning of trees and low-intensity under burning of 

vegetation would reduce evapotranspiration and help maintain soil and stream water amounts 

(Hunsaker et al. 2013b).  As the Forests in the bio-region increase the pace and scale of 

restoration, including mechanical tree thinning and managed fire, the forests should become more 

resilient to climate change. 

Effects of Fire 

The effects of fire can be both negative and positive for water quality and quantity, depending 

upon the extent and severity of the fire.  The primary effect of large, high severity fires on water 

quality is a result of loss of soil cover, exposing roads, trails, and skid trails that are key sources 

of sediment.  According to Hunsaker et al. (2013b): 

Fuels, vegetation management and fire can all contribute to erosion and sediment 

transport to aquatic ecosystems. Even when best management practices are used, impacts 

to roads, trails, and skid trails are felt immediately following large, high severity fires. 

Work to reduce the magnitude and frequency of wildfire is likely important to influence 

total sediment yields from forests in the Sierra Nevada drainage basins. 

Uncharacteristically large and severe fires may cause erosion and changes to the streambed that 

can eliminate vulnerable aquatic population, degrade water quality, reduce capacity of 

downstream reservoirs, and increase the risk of flood (Long et al. 2013c).  There are beneficial 

effects of fire to stream and river ecosystems that are described more under the Ecological 

Integrity Theme (e.g. large wood recruitment). More information on fire and its effect on 

hydrologic function may be found under the Fire Resilience theme.   

Effects of Development 

The majority of National Forest System (NFS) lands in the bio-region are not developed, 

however, conversion of forest land to developed uses, such as roads or camp grounds, often 

disrupts wetlands, and interferes with their ability to store, clean, and cool water, especially in 

flood or drought periods (Burns et al. 2005).  One of the reasons lands are undeveloped is that 

twenty percent (2.3 million acres) of the NFS lands in the Sierra Nevada are in designated 

wilderness.   Additional lands are in roadless areas.  Californiaôs population growth has been 

accompanied by increased land development, resulting in a loss of forests and rangelands (USFS 
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Region 5 2013).  These changes can alter the stability of the ecosystem by favoring certain 

species and marginalizing others (Havlick 2002). Infrastructure development can add pollutants 

to local watersheds, altering the localized supply of clean water to humans, and possibly 

destabilizing ecological processes that produce other ecological services important to human 

wellbeing (Zedler 2003, Zipperer 2002). Based on increasing population projections, 

development may increase to address demand, although this will be tempered by flat or declining 

budgets.  Increased development would continue to put pressure on ecological processes.  

Considering the proportion of the landscape that they occupy, roads are a prevalent cause of 

hydrologic and land form process alteration on NFS lands (USFS 2011b).When roads and 

drainage features contribute flow directly to a natural water body, they become part of the 

drainage network and are hydrologically-connected. These drainage systems may further increase 

connectivity if they deteriorate because of use, weather, or poor maintenance. In addition, cut 

slopes can intercept subsurface storm flow when the height of the cut slope exceeds the depth to 

the water table. This runoff is laterally redistributed and often concentrated along inside ditches or 

the running surface, where it is discharged to hill slopes below the road or trail prism or routed 

directly into streams. These hydrologic processes and pathway alterations largely drive the water-

quality impacts associated with roads (USFS 2011b).  Hydrologically disconnecting roads from 

the drainage network is an important practice for eliminating chronic water-quality impacts 

(USFS 2011b). As budgets tighten, and maintenance and closure efforts are constrained, water 

quality issues with roads could increase.  There is more discussion of best management practices 

and the effect on water quality below.  The deferred maintenance for road and trail infrastructure 

on Sierra Nevada forests exceeds several hundred million dollars. For example, deferred 

maintenance on the Sierra National Forest is approximately $102 million, on the Sequoia 

National Forest approximately $94 million and on the Inyo National Forest approximately $29 

million (Sierra, Sequoia and Inyo Travel Management Draft Environmental Impact Statements). 

Over the past several years, the Forest Service has been funded to maintain approximately 20 

percent of its road system to safety and environmental standards.  

Connectivity in watersheds and aquatic habitat has been impacted by water development projects 

as well as older, unimproved road crossings, as described above and under the Ecological 

Integrity theme.    These projects are numerous in the watersheds in the bio-region and therefore 

many watershed flow cycles and function have been disrupted.  Most of this development 

occurred more than a decade ago.  The trend is toward maintaining existing dams and 

infrastructure, rather than expanding the network.  Additionally, Federal Energy Regulatory 

Commission (FERC) relicensing results in a review of the ecosystem conditions and watershed 

function and in operational changes that benefit watershed function, such as more ecosystem-

friendly flow patterns or more cold water being released.  The hydropower licensing process 

provides an important opportunity to restore wetlands, rivers, and watersheds through intensive 

and long term collaboration with project licensees, federal and state agencies and non-

government organizations. Some opportunities for watershed restoration include restoring 

essential river flows where projects have diverted water for generations, thus protecting fish and 

wildlife habitat and listed species, providing fish passage, and restoring degraded habitats. 
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Unauthorized or Unmanaged Recreation 

Water is a major attraction for visitors to the national forests and unmanaged recreation can 

adversely impact natural resources. Population growth will increase demand for recreation around 

water bodies.  Camping, day-use and travel through riparian areas have the potential to degrade 

water resources. As popular areas become crowded, new areas will be utilized and may be at 

ecological risk.   New uses could have more impacts.  As the population diversifies and increases 

so will the demand for recreation and environmental uses and values.   

Livestock Grazing 

Much of the research on grazing has had experimental design limitations that limit the application 

of results on national forest lands.  Many studies of grazing impacts are difficult to translate to 

grazing management strategies when they lack details such as stocking rates or utilization levels 

(Briske et al. 2008).  Quantifying the influence of livestock grazing in stream and meadow 

ecosystems has been difficult because experimental designs may not sufficiently address 

ecological variation.  Sarr (2002) identified common problems in evaluating responses to 

livestock grazing and exclusion, including lack of proper controls and the small size of 

exclosures.  Research experiments are often conducted at too small a scale to properly evaluate 

effects (Briske et al. 2008). 

It is widely recognized that unmanaged over-grazing results in adverse resource impacts. 

However, the grazing that is permitted under the 2004 Framework is managed.  The 2004 

Framework and the allotment-level management documents, such as allotment management 

plans, grazing permits, and annual operating instructions include extensive restrictions on site-

specific grazing to ensure that sites are not overgrazed and that resource impacts are avoided.   

Recent science makes clear that grazing can be compatible with the protection of aquatic and 

riparian resources, including sensitive wildlife species (see e.g., Briske et al 2011, Roche et al 

2012a, Roche et al 2012b, Jackson and Allen-Diaz 2006).  Briske et al (2011, p.240) evaluated 

multiple rangeland conservation practices and their benefits, and concluded:  

Riparian vegetation management that maintains or enhances key riparian vegetation 

attributes (i.e. species composition, root mass and root density, cover and biomass) will 

enhance stream channel and riparian soil stability, and this in turn will support ecosystem 

services, such as flood and pollutant attenuation and quality of riparian habitats. 

In addition, while it is true that scientific papers have documented adverse impacts of grazing on 

stream health, such studies generally do not account for the success of best management practices 

(BMPs) in mitigating adverse effects.  Studies that have evaluated the effects of carefully 

managed grazing demonstrate that BMPs can be effective in managing livestock distribution to 

minimize or avoid adverse environmental impacts (Ward et al 2003, George et al 2008, Bailey 

2004).  Such BMPs include: livestock herding; strategic placement of mineral supplements; water 

developments; fencing; rest-rotational and other grazing systems to adjust the timing, frequency, 

intensity and duration of use; and monitoring to assure that grazing permits are being 

implemented and that standards are effective (Clary and Lenninger  2000, Tate et al 2004a and 
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2005).  BMPs are routinely used in managing grazing under the 2004 Framework to avoid 

adverse impacts. Livestock grazing occurs around riparian areas, particularly meadows, and has 

for more than one hundred years. The effects of grazing depend on the level of intensity of the 

grazing.  Future livestock grazing will continue to be managed and monitored to balance this use 

with ecological impacts.    

Currently, a total of 221 permittees graze livestock under 240 permits on Forest Service 

allotments in the Sierra Nevada bio-region. ñGrazing on public lands plays an important role in 

maintaining viable ranching operations (Gentner and Tanaka 2002, Huntsinger et al. 2010, Sulak 

and Huntsinger 2007)ò (Charnley et al 2013 p.21). Permittees on three national forests in the 

Sierra Nevada were found to use an average of 2.6 leases per year per operation, and the public 

lands lease contributed an average of 41 percent of the income they earned from ranching (Sulak 

and Huntsinger 2007, Charnley et al. 2013). Because of the number of cattle needed to have a 

financially viable ranching enterprise (Sulak and Huntsinger 2007), California ranchers often 

maintain livestock herds that are larger than their private lands can support. ñThis means they 

must lease public or other private lands for part of the yearò (Charnley et al. 2013, p.21). ñThe 

importance of public land leases led one-third of the permittees interviewed to state that if they 

lost the leases, they would probably sell all or part of their private ranchò (Charnley et al. 2013, 

pp.21-22). The administration of the grazing program on the Sierra Nevada national forests is 

intertwined with the conservation of California rangeland, primarily in the foothills adjacent to 

the forest. This is in part because of an eligibility requirement of Forest Service grazing permits 

for permittees to own base property ranches for their cattle to graze when they are not using forest 

rangelands.  Grazing permits not only enable ranchers to maintain ranching as a component of 

their livelihood, strategies and culture, but they also contribute to the conservation of private 

rangelands and their associated ecological values by helping prevent the sale of private ranches 

by ranchers whose operations would fail without the public land connection (Charnley et al. 

2013). 

Livestock grazing can provide other ecological benefits when used as a management tool. 

Targeted grazing uses livestock to manipulate vegetation to meet management objectives. These 

strategies have been used on projects such as utility corridor maintenance and fuels treatments.  

This creates a mutual benefit for both livestock owners and the Forest Service. Interest in targeted 

grazing among private business owners and land managers has experienced a recent surge. 

However, although there is support for these practices, their application has been fairly limited 

due to competing agency priorities.   

Wet Meadows 

ñEvaluations of wet meadow restoration efforts within the Sierra Nevada have demonstrated 

gains at specific sites in certain functions, including water quality, water quantity, and macro-

invertebrate diversityò (Long et al. 2013 p.2).  

According to Long et al. (2013 p.3): 
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Wet meadow restoration is expected to have an important role in securing favorable flows of high 

quality water (Viers and Rheinheimer 2011), mitigating man-influenced carbon and nitrogen 

concentrations (Norton et al. 2011), and supporting biodiversity including pollinators (Colloran et 

al. in press).   

Also, according to Long et al. (2013 p. 18):  

Wet meadows can be vulnerable to transformations that result in diminished socio-ecological 

value. The flip side of that coin is that restoration of these systems holds great potential to provide 

multiple ecological and social benefits, despite their small share of the landscape. Research to date 

suggests that projects can promote important benefits. 

Good Water Quality and Quantity 

Forested watersheds in the bio-region provide an abundant supply of clean water that supports a 

broad range of downstream uses (California Department of Forestry and Fire Protection 2010). 

Water supplied from forests provides water for municipal and agricultural supplies (USFS 2011).  

This water also provides a variety of recreation, tourism and travel opportunities.  It provides 

habitat for fish and wildlife.  Plants, fish and wildlife also depend on clean water for survival.  

Water from most streams on the western slope of the Sierra Nevada is used to produce 

hydropower.  Water controlled by water development projects, such as dams, also provides flood 

protection and tribal needs.  These result in economic, recreational and cultural benefits (Postel 

and Carpenter 1997).   Water is a very valuable commodity in California.  

Water is a basic requirement for peopleôs quality of life, and there is a strong relationship between 

forest land and clean water. Water originating from the Sierra Nevada supplies roughly 60 percent 

of Californiaôs fresh water (Sierra Business Council 2007).  For approximately 23 million 

Californians, or about 60 percent of the population, their drinking water begins its journey in the 

Sierra Nevada. The value of this resource is immense in terms of the various services it provides 

and supports.  A discussion of the value of these ecosystem services and the resulting benefits to 

people is provided under the Fire Resilience and Ecological Integrity themes. 

Water is critical to Californiaôs agricultural industry, which supplies most of the nationôs fruits 

and vegetables. Sierra Nevada supplies drive the Central Valleyôs extensive agricultural economy 

(Sierra Business Council 2007). The Central Valley, which receives most of its water, both 

groundwater and surface water, from the bio-region, is one of the worldôs most productive 

agricultural regions. More than 230 crops are grown there. On less than one percent of the total 

farmland in the United States, the Central Valley produces eight percent of the nationôs 

agricultural output by value,  17 billion U.S. dollars in 2002 (Reilly 2008). Virtually all non-

tropical crops are grown in the Central Valley, which is the primary source for a number of food 

products throughout the United States, including tomatoes, almonds, grapes, cotton, apricots, and 

asparagus (Pollan 2011).  The top three counties in 2011 gross value of agricultural production in 

California are located in the Central Valley and are reliant on the water supplied from the bio-

region.  They are Fresno at $6.9 billion, Tulare at $5.6 billion and Kern at $5.4 billion of 
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agricultural production (CDFA 2013). Thirty-four million-acre feet (MAF) of water are used 

primarily in the Central Valley for agricultural purposes.  Fourteen MAF are from the bio-region.   

Water plays a major role in providing a diverse set of recreation opportunities on forests in the 

bio-region. The Sierra Nevada landscape is the setting for a large recreation and tourism industry, 

and for new homes built for the influx of people who enjoy living there. Each national forest has 

a defined set of ñrecreation settings,ò representing geographic areas for particular recreation 

opportunities, and to which forest visitors have grown emotionally attached over time. Many 

forests in the bio-region have recreation settings related to rivers and lakes. According to 2005-

2009 National Visitor Use Monitoring (NVUM) data, approximately ten percent of visitors to 

forests in the bio-region fish, five percent do motorized water activities, and three percent do non-

motorized water activities.  Water bodies also support a variety of other recreation activities, like 

viewing natural features, hiking, and camping. The economic contributions of this recreation to 

local economies are discussed under the Sustainable Recreation theme. 

Ecosystems near water (riparian), and in water (aquatic), account for more than 50 percent of the 

animals, plants, and other living things of concern.   More detail on this may be found under the 

Biodiversity of Aquatic and Riparian Ecosystems section under this Water theme.   

Hydropower is currently the primary source of renewable energy generation in the bio-region. 

The bio-region, including the Sacramento River, the San Joaquin River and the Tulare Lake Basin 

hydrologic regions produce approximately 1,800 megawatts annually, although this is dependent 

on precipitation (Fromeworth 2004, p 578).   

All known living organisms need water to survive, and vegetation needs more water than animals. 

Vegetation is made of up to 90 percent water by weight compared to animals, which are about 75 

percent water. Vegetation replenishes water needs by pulling moisture up through root systems. 

Like all living things, vegetation uses water for cell growth and overall health, but also for several 

specific functions. Vegetation plays an active role in regulating water, energy, and carbon dioxide 

fluxes, which makes it a key regulatory force in the earthôs hydrological cycle. Through the plant-

soil system, carbon dioxide uptake and water evaporation are inherently connected.  

In addition, regulating the timing of water flow provides benefits to people located in floodplains, 

inside and outside the bio-region. Manmade infrastructure, like dams, reservoirs and levee 

systems, regulate water supply and help lower the risk of extreme floods.  They also provide for a 

constant supply of water when there is less late season flow.  The managed release of snowmelt 

throughout the spring and summer helps control winter flooding in the valleys, and provides 

irrigation for crops and water to keep recreation and other businesses and industries thriving 

through the summer (Sierra Nevada Conservancy 2011a).  

Tribes throughout California have rights to access water for adequate supplies for direct 

consumption, agricultural purposes, or protecting existing resources. Tribes may have senior 

water rights and some water sources may be defined as ñsacred sitesò (USFS 2012a). 

Infrastructure development or improvements to recreational sites needing additional water, 

electricity, sewage, and roads, may impact traditional landscapes. ñNative American cultural 

resources are often concentrated along perennial streams due to availability of water and 
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culturally important plants, travel corridors, and other patterns that facilitated development 

(Jackson 1988)ò (Hunsaker et al. 2013a, p.3). It is essential to consult with tribes before 

permitting, licensing, or taking action that may affect tribal water quality, quantity or cultural site 

condition. Although there are regulations in place in the bio-region to prevent infringement on 

tribal water rights and to protect cultural properties and sacred sites, complete implementation of 

these regulations has not always occurred. 

Clean water is highly valuable to the people and ecosystems of the Sierra Nevada and all of 

California. In terms of natural resources, water is the most valuable commodity in the bio-region, 

followed by timber, livestock and other agricultural products. Based on estimates of direct 

resource values as one input (not the total revenue produced by resource dependent activities), the 

Sierra Nevada ecosystem produces approximately $2.2 billion in commodities and services 

annually. Water accounts for more than 60 percent of that total value.  Given population increases 

in the state resulting in more people benefiting from these commodities and services, as well as 

the conflicting uses for water resulting in rising costs for this resource, the trend in this value is 

increasing and will continue to increase into the future.  Most of the water value accrues to water 

rights holders and beneficiaries outside of the bio-region.  About six percent of the total 

consumption of this water supply happens within the bio-region (Stewart 1996). 

Water is a vital resource and critical to the social, ecological and economic sustainability of the 

bio-region.  Forests in the bio-region are the primary source of water used throughout California.  

Socially and ecologically, water is fundamental because all life depends on it (Hunsaker et al. 

2013a).  The benefits of water, a key forest ecosystem service, accrue to people throughout many 

economic sectors and across a broad landscape.   

Growing Need for Water 

The population of California is expected to grow 37 percent between 2010 and 2050.  This will 

require additional water in order to meet the needs of more people (California Department of 

Finance California Department of Forestry and Fire Protection 2010).  Recent population growth 

has led to increased competition for water among various uses throughout the state, and in the 

bio-region.  For those counties in California partially or entirely within the bio-region, total 

population is expected to increase by 69 percent between 2010 and 2050 (California Department 

of Finance 2012, Lin and Metcalfe 2013). Growth is expected to be greatest in the South Sierra 

counties of Fresno, Kern, and Tulare. Within the Sierra Nevada, these competing interests include 

in-stream flows for aquatic species, water recreation, hydropower, domestic uses, and national 

forest and special use permit site uses.  This expected population growth will only increase the 

competition for these various water uses in the state and the bio-region.  

As an example of the use of bio-region water supplies and the need for water quantity, water from 

the Sierra Nevada supplies San Francisco and Los Angeles. According to the Los Angeles 

Department of Water and Power (LADWP) 2010 Urban Water Management Plan, the Los 

Angeles Aqueduct, which originates in the Sierra Nevada, is one of the major imported water 

sources to the City of Los Angeles, averaging 36 percent of total water supplies in recent years, 

and delivering 39 percent of the total runoff in the eastern Sierra Nevada in an average year. 
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Many uses for the water from the bio-region compete. The resulting conflicts mean that there 

isnôt enough water for all user groups.  Going forward, climate change is expected to reduce the 

supply, and may increase the competition for water use.  Development and population growth will 

put even more demand on the available water. 

The competition for the availability of limited water supplies has led to continuing political 

activity in the state related to water.  As time goes on, this political conversation will continue 

with increasing intensity. Pressures from expansion of Californiaôs agricultural and urban areas 

are being resisted by groups interested in preserving biodiversity and environmental quality in the 

Sierra Nevada, and who view the continuous and rising export of water to other regions as 

undesirable in the long run (Mittelbach and Wambem2003). 

Water Quantity 

Annual water yield from national forests in the bio-region is estimated at 14 million acre feet per 

year (Rector and MacDonald 1986, Brown and Froemke 2009).  The Forest Service ñForests to 

Faucetsò project highlights that this water from National Forest System (NFS) lands is critical for 

communities and the state economy.  Many of the major municipal water systems rely heavily on 

surface water supplies that originate on the forest lands of the bio-region.  This surface water is 

also important to irrigated agriculture and recreational uses.  These key economic sectors rely on 

dependable and consistent water supplies (USFS 2011d). 

When water soaks into the ground and replenishes groundwater, it helps supply Central Valley 

aquifers used for irrigation and municipal supplies.  Groundwater provides about five percent of 

the local water supply in the Sierra Nevada, limited to areas of fractured rock and small alluvial 

aquifers along streams.  Most of this groundwater is used for domestic purposes. 

The amount and distribution of rainfall is the main factor determining the amount of water 

supplied by a watershed. Rainfall patterns, in turn, depend mainly on climate and topography, and 

not on management of the ecosystems directly (Egoh et.al. 2008, USFS 1976). However, forest 

decisions about vegetation, fuel, range, and road management can influence the timing of water 

supply from storm flows and snowmelt. In addition, vegetation and fuel management may 

influence water quantity through changes in the amount of evapotranspiration from vegetation on 

forests lands (FAO 2008, Rector and MacDonald 1986, Ziemer 1986).  Forest Service mandates 

to manage for a wide range of resource values make it difficult to apply the scale of management 

practices needed that would actually increase the flows of a watershed (USFS 2000). 

According to Hunsaker et al. (2013a p.14): 

Many fuels management treatments or forest restoration efforts remove less than 20 

percent of the basal area of trees.  Although this may result in a change in flow, it likely 

will not be detectable, especially in dry years. With best management practices (BMPs), 

which should not cause overland flow from skid trails or soil compaction, there should be 

little or no detectable effect on peak discharges (Bosch and Hewlett 1982, Hibbert 1967, 

Stednick 1996). Any change will be short-lived because of vegetation regrowth. 
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Prescribed fire by itself is less likely to influence water yield than mechanical treatments 

because of the smaller reduction in basal area and lack of ground disturbance by heavy 

machinery (Troendle et al. 2010).   

Climate predictions for California include increased warming, less snowpack, and earlier spring 

snowmelt. These changes would influence the amount of water supply that can originate from 

forest lands and from reduced precipitation, as well as the amount and types of vegetation that 

would influence the timing of this water supply. Climate change is also expected to increase the 

severity and area of fires, which would directly impact the timing of water supply.  All of these 

factors would change how water is budgeted and the ecological integrity of stream ecosystems 

(Viers and Rheinheimer 2011). 

Additionally, as described in Jardine and Long (2013): 

Watersheds in the northern Sierra Nevada may be most vulnerable to decreased mean annual flow, 

south central watersheds to changes in runoff timing, and the central Sierra Nevada to longer 

periods of low flow.  Although the Kern River may be the most resilient watershed, the anticipated 

shifts in the hydrologic cycle will impact spring and summer water-based recreation and tourism 

and, more importantly, the California communities that depend heavily on Sierra Nevada water 

supplies.   

Climate change, development, and population growth are expected to increase the strain on this 

supply, and increase competition between the various uses.  Future uncertainty in water supply 

leads to difficulty in planning and decreases in the profitability of key economic sectors in the 

bio-region such as agriculture and recreation.  Management of the supply will impact social and 

economic sustainability, since communities and local economies rely on this water. 

Water Quality 

There is a strong relationship between forest land and the provision of clean water. This 

ecosystem provides stabilization of soils and filtering services that reduce sedimentation and 

pollutants and thus regulates water quality (de Groot et al. 2002). Forests and grasslands often 

produce high-quality water. Long term studies have shown this to be generally true in undisturbed 

ecosystems and for some classes of land use. Various forms of land use have been found to 

degrade water quality to varying degrees, with the most significant forest land water quality 

problems being sediment, nutrients, temperature, and hazardous chemicals (Dissmeyer 2000, 

USDA FS 2000). Vegetation and fuels management can directly impact the provision of this 

filtering ability of forest lands. In addition, many activities occurring on forest lands such as over-

grazing, hydrologically-connected roads, and ground disturbing recreational activities can also 

lower water quality. Best management practices to protect, restore, or mitigate water quality 

issues have been devised to limit the potential impacts resulting from these management actions. 

A number of measures can be used to characterize water quality, including chemical indicators 

(nutrients, conductivity, pH, metals, pathogens, pesticides, and organics), physical indicators 

(temperature and sediment), biological indicators such as stream invertebrates, and human 
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exposure indicators (swimmable, fishable, drinkable) (Hunsaker et al. 2012a).  Sediment and 

nutrient loads from forested watersheds in the Sierra Nevada, including large areas within 

national forests, were found to be substantially lower than loads from downstream agricultural 

areas, and significantly lower than average pollutant loads nationwide (Kratzer and Shelton 

1998). ñThe chemistry of water is usually very good within national forestsò (Hunsaker et al. 

2013a, p.21). 

Threats to forest scale water quality affect the sustainability of these ecosystem services and the 

resulting economic benefits.  These threats to water quality are climate change, fire, development, 

and increasing use of forest land, all of which have the potential to alter existing landscapes 

affecting both forest vegetation and soil that protect water quality.  The resulting reduced 

filtration of precipitation and runoff, and the potential for increased sedimentation can reduce the 

benefits associated with recreational and cultural experiences on the forest and can negatively 

impact the functioning of the localized ecosystem (Hill 2012). 

Wild and Scenic Rivers 

Eight rivers designated as Wild and Scenic Rivers, totaling 345 river miles, are within the Sierra 

Nevada bio-region.  Each river is administered to protect and enhance the specific outstandingly 

remarkable values that caused it to be designated. Designation also protects natural, cultural and 

recreational river-related values on federal lands, and provides guidance to effect a voluntary 

protection strategy for all lands in the river corridor. Wild and scenic rivers accommodate people 

and communities by allowing existing uses to continue where they do not conflict with river 

protection. Based on current limited studies, indications are that property values remain stable or 

increase on designated rivers. This is often tied to the protection and enhancement of scenery, 

other aesthetic values and water quality.  

From fiscal year 2012 year end reporting, of the eight rivers in the bio-region only three are 

ñmeeting statutory requirements.ò These are the Kern, Merced, and Tuolumne Wild and Scenic 

Rivers. Five of the rivers in the bio-region, Cottonwood Creek, Owens River Headwaters, 

Feather, Kings and North Fork American do not currently meet statutory requirements. A more 

detailed assessment of each river will occur in the forest assessments.  There are 467 miles of 

additional recommended wild and scenic rivers in the bio-region. 

Effects of Fire 

Fires have varying effects depending on the extent, soil erodability, and rain events after the fire. 

Wildfires affect rates of soil erosion and sediment transport by removing protective vegetation 

and litter cover from forest soils, destroying roots that bind soil, removing woody debris that 

slows runoff and erosion, and reducing infiltration and increasing runoff owing to development of 

hydrophobic (water repellant) soils (Neary et al. 2005). Effects vary with fire severity, 

topography, geology, and climate. Severe fires that destroy a high proportion of vegetation, soil 

cover, and roots have the greatest potential to increase erosion, particularly if the fire is closely 

followed by significant precipitation or snowmelt (Benda et al. 2003, Bisson et al. 2003, Spencer 
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et al. 2003).  Sediment yields measured from burned areas in the Sierra Nevada have ranged from 

30 to 44 tons per acre per year (Pierson et al. 2008, Carroll et al. 2007). 

Pierson et al. (2008) monitored post-fire sediment yield for three years following a fire in 

northwestern Nevada and compared their results with sediment yield from an unburned control. 

The sediment yield for the burned area was 3,400 times higher than the sediment yield for the 

unburned area, indicating a very substantial increase caused by the fire. Fire effects decreased, but 

were still apparent three years after the fire. 

Fuels reduction treatments, including road construction, in conjunction with implementing best 

management practices, can reduce long term average annual watershed erosion rates from 0.2 

tons per acre per year, to 0.14 tons per acre per year, by reducing the size, severity, and frequency 

of fire (Elliott 2010).  Elliot (2010) provides scientific evidence that fuel treatments provide a net 

benefit for watersheds given the risk of severe erosion and sedimentation from wildfires. 

Timber Harvest 

Timber harvest can contribute to erosion and sediment transport to streams. Water quality 

characteristics most affected by timber harvesting are sediment, dissolved nutrients, and water 

temperature.  Undisturbed forests are generally low in dissolved or suspended matter and 

sediment loads and dissolved nutrients generally increase with the level of disturbance to the 

forest. Logging and related activities such as road building, skidding, slash burning, and others 

have the potential to produce erosion that can deliver sediment and nutrients to streams (Foster 

Wheeler 2000).  Although research about fire history in particular strongly suggests a need for 

treatments within many riparian areas, limited information about the effects and effectiveness of 

mechanical treatments and prescribed fire treatments currently limits guidance for managing 

these valuable riparian ecosystems (Hunsaker et al. 2013b). 

Roads, Overgrazing and Recreation   

Overgrazing, hydrologically connected roads, and ground-disturbing recreational activities can all 

lower water quality. Road and trail construction, use, and maintenance can all contribute to 

erosion and sediment transport to aquatic ecosystems. Road-related sediment yields vary across 

the bio-region from 0.007 to 0.13 tons per acre per year (Weaver et al. 1995, Coe 2006). These 

influences are mainly removal or reduction of soil cover or soil disruption, destroying roots that 

bind soil, removing woody debris that slows runoff and erosion, and reducing infiltration. 

Sedimentation and barriers from road and trail crossings have also contributed to degraded 

conditions.   

On the national forests in California, best management practices (BMPs) are used to protect water 

quality and have been for more than 30 years. BMPs are designed to protect, restore, or mitigate 

water quality issues and are used to limit the potential impacts from these management activities. 

BMPs for vegetation management on National Forest System (NFS) lands have been effective in 

preventing potential or adverse impacts to water quality more than 95 percent of the time (USFS 

2013). BMPs for roads have been effective 77 percent of the time, which is a reduction from the 
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2009 monitoring report, and 69 percent of the time for livestock grazing.  Information from 2003-

2007 reporting showed that only two percent of the evaluations indicated significant adverse 

effects to water quality.  

However, the impacts on water quality are caused by roads hydrologically-connected to a stream, 

and many roads are in areas where this is not the case.  There is no current data on what portion 

of roads are not maintained and hydrologically-connected, however, proper implementation of 

BMPs will minimize sedimentation from roads under most circumstances.  The flat budgets 

projected into the future limit the ability to fully maintain roads and implement BMPs, and this 

will likely continue. Sedimentation into streams from hydrologically-connected roads where 

BMPs are not applied is expected to continue into the future and affect local water quality.   

Roads provide important services to society.  Their presence can also negatively influence the 

hydrology, geomorphology, and ecosystem processes on NFS lands. There are numerous articles 

in the peer reviewed literature describing the impacts of roads on the landscape.  Fragmented 

habitats, polluted waters, failed culverts, and eroded road beds are just a few of many road-related 

impacts that undermine the natural capacity of our forests to provide clean water and valuable 

wildlife habitat. Excessive road densities directly affect water quality and aquatic values, and 

have been tied to reductions in pool frequency within a channel, increased sedimentation, and 

warmer water temperatures. 

According to Hunsaker et al. (2013b): 

The median sediment production rate from roads was 0.2 kg m-2, nearly an order of magnitude 

higher than any of the other sources measured (skid trails, off-road vehicle trails, hillslopes burned 

by prescribed fire and wildfire, undisturbed). Historically, roads have been considered the primary 

source of sediment and a significant problem in many landscapes.  

The following is a summary of some points discussed by Gucinski et al. (2001) about road 

erosion effects: 

¶ Although mass erosion rates from roads typically are one to several orders of magnitude 

higher than from other land uses based on unit area, roads usually occupy a relatively small 

fraction of the landscape, so their combined effect on erosion may be more comparable to 

other activities, such as timber harvest.; 

¶ Poorly designed channel crossings of roads and culverts designed to pass only water flow 

may also affect the morphology of small tributary streams, as well as limit or eliminate fish 

passage; 

¶ Indirect effects of roads on channel morphology include the contributions of sediment and 

altered stream flow that can change channel width, depth, local gradients, and habitat features 

(pools, riffles) for aquatic organisms; 

¶ Extensive research has demonstrated that improved design, building, and maintenance of 

roads can reduce road-related surface erosion at the scale of individual road segments 

(Hunsaker et al. 2013a).  



28 

 

 

 

 

Road impacts to water quality and aquatic habitat should be less in the future because very little 

new road construction is expected, and because there is knowledge about how to construct and 

maintain roads to lessen impacts. Larger sources of soil erosion may include increased wildfires, 

as well as lack of road maintenance resulting in progressive degradation of road drainage 

structures and functions (Furniss et al. 1991).  Road maintenance and decommissioning are 

generally effective and beneficial for water quality, but will not mitigate an increase in sediment 

yields from increased wildfire frequency (Hunsaker et al. 2013a, Goode et al. 2012). 

Water quality issues are often associated with ranching activities. Ranching is also a major part of 

the cultural heritage in the Sierra Nevada and helps preserve the open space and rural character of 

communities that residents and visitors in the Sierra Nevada value so much (Sierra Nevada 

Conservancy 2011a). There is concern that microbial and nutrient pollution by cattle on public 

lands degrades water quality, threatening human and ecological health. Given the importance of 

clean water on national forests in the region, and concerns raised by recent studies (Derlet 2006  

and Central Sierra Environmental Resource Center), the Forest Service initiated  a comprehensive 

study in 2011 in collaboration with the UC Davis Rangeland Watershed laboratory to examine 

water quality and environmental conditions across common resource use activities throughout the 

region. The study was conducted using a cross sectional survey of water quality conditions 

associated with cattle grazing and recreation on 12 grazing allotments in northern California. The 

study measured fecal coliform, E. coli, and nutrients, and compared the results to multiple water 

quality regulatory benchmarks.  The study also examined relationships between water quality, 

environmental conditions, cattle grazing, and recreation (Roche et al. 2013).  

Nutrient concentrations observed throughout the grazing-recreation season in the 2011 

comprehensive study described above were at least one order of magnitude below levels of 

ecological concern, and were similar to U.S. Environmental Protection Agency (EPA) estimates 

for background water quality conditions in the region (Roche et al. in press). All but the most 

restrictive fecal indicator bacteria water quality benchmarks were broadly met, and the EPAôs 

currently recommended E. coli benchmarks were met by over 90 percent of the 743 samples 

collected during the study. Elevated fecal indicator concentrations were associated with stagnant 

low flow conditions at the time of sample collection, turbidity, and when cattle were observed 

nearby at the time of sampling.  Recreation was associated with the lowest fecal indicator 

concentrations.  The results indicate that cattle grazing, recreation, and provisioning of clean 

water are broadly compatible goals across these national forest system lands.  It also supports 

continued use Land and Resource Management Plan (LRMP) standard and guideline BMPs to 

ensure livestock management is conducted in a way to minimize adverse impacts (Roche et al. 

2013). 

Water Contamination 

Geologic sources of mercury in the Sierra Nevada are limited to relatively small areas; however, 

historic gold mining introduced large quantities of mercury into streams of the northern Sierra 

Nevada in the nineteenth century. The American, Feather, North and Middle Yuba, South Yuba 
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and Bear Rivers are all identified as impaired owing to excessive mercury concentrations (Alpers 

and Hunerlach 2000). 

Approximately 20 water bodies on NFS lands in the Sierra Nevada are listed as impaired on the 

State of California State Boardôs 2010 303(d) list. Eagle Lake, the Truckee River, and Lake Tahoe 

and its tributaries are listed for pollutants related to silviculture and livestock grazing. Most of the 

other listings are for mercury and other metals resulting from historic mining or natural or 

unknown sources. A conclusion can be drawn that the number of water bodies considered to be 

impaired by the stateôs water quality regulatory agency is a small fraction of the hundreds of 

water bodies on NFS lands. Most water bodies on NFS lands are unimpaired and support 

beneficial uses. Since water bodies have supported beneficial uses consistently in the past, it is 

expected that water bodies on NFS lands will continue to support beneficial uses. 

The most direct benefits to people resulting from good water quality on forest land are to the 

recreational and cultural users who enjoy benefits right on the forests, and before any manmade 

treatment processes are available.  These recreational and cultural services provided by the forests 

yield great benefit, both to the individuals enjoying these experiences and the local economies 

benefitting from visitor spending in the local economy.   

2004 Sierra Nevada Framework 

The strategy for aquatic management in the 2004 Sierra Nevada Framework, which amended all 

the forest plans in the bio-region, is to maintain and improve water quality and satisfy all federal 

and state water quality requirements.  

Some highlights of the key direction from the 2004 Framework are: 

¶ a description of desired conditions for aquatic, riparian, and meadow habitats; 

¶ a set of land allocations, specifically riparian conservation areas and critical aquatic refuges, 

that delineate aquatic, riparian, and meadow habitats, which are to be managed consistently 

with the applicable riparian conservation objectives and associated standards and guidelines; 

and 

¶ an adaptive management program that includes monitoring and research specifically aimed at 

assessing effects of management activities on the willow flycatcher and Yosemite toad.  

The aquatic strategy also includes stream-type dependent flexible width riparian areas, protection 

for in-stream flows, controls on sedimentation and loss of soil productivity, direction to restore 

and maintain hydrologically functional meadows, conservation assessments of aquatic or 

riparian-related threatened and endangered species, and incorporation of established recovery 

plans, standards to move the level of coarse large woody debris toward the range of natural 

variability, controls on livestock grazing in meadows and riparian areas, and standards for road 

construction and stream crossings. 
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All ground disturbing projects must implement state-approved best management practices 

(BMPs) specifically designed to protect water quality and comply with Clean Water Act and state 

water quality standards. 

For waters designated as ñWater Quality Limitedò (Clean Water Act Section 303(d)), managers 

must participate in the development and implementation of total maximum daily loads (TMDLs) 

and TMDL implementation plans.  

Post-wildfire management activities in riparian conservation areas and critical aquatic refuges 

should emphasize enhancing native vegetation cover, stabilizing channels by non-structural 

means, minimizing adverse effects from the existing road network, and carrying out activities 

identified in landscape analyses. Post-wildfire operations will minimize the exposure of bare soil. 

The aquatic strategy recommends restoration practices in areas with compaction in excess of soil 

quality standards, areas with lowered water tables, and areas that are either actively down cutting 

or that have historic gullies. The 2004 Framework provided flexibility for developing 

management strategies for road building, recreational use, grazing, and timber harvests, and other 

forest activities that may be contributing to the observed degradation. 

Flood Plains and Wetlands, Executive Orders 11988 and 11990, require federal agencies to avoid, 

to the extent possible, short and long term effects resulting from the occupancy and modification 

of flood plains, and the modification or destruction of wetlands. Standards and guidelines are 

provided for soil, water, wetlands, and riparian areas to minimize effects to flood plains and 

wetlands. They incorporate the BMPs of the Soil and Water Conservation Handbook. The 

standards and guidelines apply to all floodplains and wetlands where less restrictive management 

might otherwise occur.
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 FIRE RESILIENCE 

What Are We Trying To Sustain at the Bio-Regional Level?   

1. Fire management and landscape fire resilience  

2. Fire and the benefits people obtain from ecosystem services 

3. Resilient and adaptive communities in the face of fire 

In our current condition, fire is a double edged sword.  It has always been one of the most fundamental 

ecosystem processes shaping the landscape in the bio-region. In the past, it was more extensive, 

widespread, and less intense. Over 100 years of fire suppression, along with other land uses, changed how 

fire burns. Now there are detrimental effects to ecosystem integrity from a lack of fire and to communities 

and resources from too much high intensity fire.  There are many controversies surrounding how to define 

and address these issues. This assessment addresses key areas including fire management history, trends 

and conditions in landscape fire resiliency, effects of fire on ecosystem services, and communities in the 

face of fire.  

Fire Management and Landscape Fire Resilience 

Changes in vegetation from management over the last century, population growth, development in the 

wildland urban interface (WUI) and climate change have vastly changed the patterns of fire and the 

ecological, social, and economic consequences of fire (Husari et al. 2006, Collins and Skinner 2013).   

Prior to European settlement, fire was widespread throughout the bio-region (Sugihara et al. 2007).  The 

frequency, spatial pattern, and severity varied by ecosystem. The variation by ecosystem and the 

ecological role of fire is described under the Ecological Integrity theme. Native Americans used fire to 

manage for varied beneficial uses for thousands of years.  The relative importance of lightning as opposed 

to what Native Americans did is in the number of ignitions or area burned and is often debated (van 

Wagtendonk and Fites-Kaufman 2007).  It is unknown how lightning ignitions may have varied over 

thousands of years, but based on current patterns, ignitions are plentiful throughout the bio-region (van 

Wagtendonk and Fites-Kaufman 2007).  In addition to ignitions by lightning, Native Americans used fire 

for thousands of years to manage for food, basketry, hunting, travel ways, and fire hazard (Anderson and 

Moratto 1996, Anderson 2007).  Some areas were burned every year or every several years, where 

particularly important food sources were present (Anderson 2007). This included areas around and in 

meadows and riparian areas. Importantly, Native Americans did not suppress fires, or if they did, not on a 

widespread basis. The combination of Native American fire management and lightning ignitions resulted 

in frequent fire, dominated by low and moderate intensities, across the landscape (Skinner and Chang 

1996, van Wagtendonk and Fites-Kaufman 2007, Skinner and Taylor 2007, Reigel et al. 2007). 

European settlement in the bio-region greatly intensified with discovery of gold in the Sierra Nevada in 

1848 (Beesley 1996).  At the same time, there was intensive logging to fuel steam-generated equipment 

and to build housing, along with extensive grazing for livestock. These early settlers affected fire directly 

and indirectly in numerous ways (Safford 2013). Overall, widespread fire decreased.  However, in some 
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locations, it may have increased or changed in nature. Fire history reconstructions, using tree rings, show 

decreased fire frequency at this time or in the late 1800s (e.g. Kilgore and Taylor 1979, Caprio and 

Swetnam 1995, Taylor 2000).  This decline has been attributed to the demise of Native Americans. At the 

same time, there were other changes in fire from European settlement activities. There was indiscriminate 

use of fire and accidental fire by early settlers.  Sheepherders burned extensively at high elevations in the 

fall on their way down from the mountains, presumably to improve forage (Sudworth 1900, Leiburg 

1902, Vankat 1970, McKelvey and Johnston 1992).  Some of the large shrubfields at higher elevations are 

attributed to this burning (Sudworth 1900, Leiburg 1902), and still persist (Nagel and Taylor 2005). 

Ranchers in the foothills reportedly used fires to increase forage production and enhance livestock access 

(Merriam 2013).  Miners and other early settlers caused accidental fires. Early logging caused other 

changes in forests that would last and affect fire for more than a century. Fire resistant large pines were 

favored for logging. Branches and tops of trees were left, adding fuel on the ground. All of these 

settlement changes in fire on the landscape muddied evidence on the amount and distribution of high 

severity fire prior to European settlement.  

Over the last century or longer, with good intent but unforeseen consequences, most fires were rigorously 

suppressed. For at least half a century, this suppression was successful (McKelvey et al. 1996, Husari and 

McKelvey 1996, Husari et al. 2006). This fire suppression has resulted in increased vegetation density 

and uniformity, increase of less fire tolerant trees, and understory fuel loads resulting in increased fire 

potential (van Wagtendonk 1985, Stephens and Moghaddas 2005, Stephens 2005, van Wagtendonk and 

Fites-Kaufman 2006, North et al. 2009).  The effects of fire suppression on increasing fuels in the Sierra 

Nevada and elsewhere in the western United States is well documented (Reinhardt et al. 2008) and has 

been considered in past forest plans and forest plan revisions (USDA 2001). More recently, changes in 

climate have been overlaid on top of increased fuel conditions, contributing to undesirable fire effects to 

ecosystems and communities.  

Published research has established that wildfires have become larger, and that large fires are more 

frequent across the western United States since the 1970s (Calkin et al. 2005, Lenihan et al. 2008, 

Westerling et al. 2006). There is a trend of increasing fire severity over the past 20 years or more 

(Miller et al. 2009).  Miller and Safford (2012) found a statistically significant increasing trend in both 

percentage and area of high severity per year in yellow pine/mixed conifer forests.  However, the total 

acreage burning annually is well below historic levels (Stephens et al. 2007, Miller et al. 2009, North 

et al. 2012). Although there is a current trend of increasing severity, the total area of high severity fire 

is still less than what likely occurred historically, because fire area overall is so reduced (Stephens 

2007, Miller et al. 2012). However, the pattern of high severity is substantially changed, with much 

larger, continuous areas burned at high severity, concentrated in watersheds, compared to distributed 

small patches, and occasionally larger ones throughout most of the landscape (van Wagtendonk and 

Fites-Kaufman 2007, Collins and Stephens 2010). Current patterns are attributed to climate change 

occurring across the now densely vegetated landscape.  

Climate is a fundamental process that strongly influences other drivers and stressors in the Sierra Nevada, 

including fire, invasive species, insects, pathogens, water development and diversion, aerial contaminants, 

and land use patterns (Safford et al. 2012). It is characterized by regional temperature and precipitation, 

but also involves changes in humidity, atmospheric pressure, wind, cloudiness, and other weather 

components that affect fire. It may affect snowpack distribution, drought and extreme climatic events, for 
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example heat waves, that can lengthen and increase the severity of fire season. Increases in fire season 

have already been documented (Westerling et al. 2006). 

Current patterns of fire, extensive human development among the wildlands, and concern about old forest 

associated species (e.g. California spotted owl, fisher) have made current fire management very complex. 

Smoke from managed fire or from uncontrolled wildfires is a nuisance and can be a health hazard to some 

people (Byterowicz et al. 2013).  The effects of fire on wildlife are discussed under the Ecological 

Integrity theme. The effects of smoke on people are found in the subsection ñCommunities in the Face of 

Fireò under this theme. Here, the pattern of human developments in wildlands, and the wildland urban 

interface (WUI) in relation to fire management is introduced. 

In the map below, developed areas are depicted in dark gray overlaid across the bio-region. These are 

referred to as wildland developed areas in the title. The data was developed by the Western Wildland Fire 

Risk Center, at the Forest Service Pacific Northwest Research Station. The national forests are shown in 

light green, and adjacent lands are shown in light tan. Larger water bodies, such as Lake Tahoe and Mono 

Lake, are shown in light blue. The map shows that there is development concentrated on the western and 

eastern low elevations, running from the north to the south. The greatest concentrations occur on the 

lower western slopes, bordering the Sacramento and San Joaquin Valleys. This includes the western 

boundaries of the Sierra, Stanislaus, Eldorado, Tahoe, and Plumas National Forests. The densest area is to 

the east of Sacramento, along and within the western portion of the Tahoe and Eldorado National Forests.  

There are other developed areas that cut across west to east, along major travel corridors, from the central 

Sierra Nevada north. This includes along the Highway 80 corridor across the middle of the Tahoe 

National Forest, and Highway 299 across the Lassen and Modoc National Forests. In the northern portion 

of the bio-region, in Plumas and Lassen Counties, there are scattered small concentrations in the larger 

valleys that occur in the mountains in the interior, in addition to the edges. There are also large 

concentrations of development around large lakes or reservoirs including Lake Tahoe, and Lake Almanor 

in the north, and around Lake Isabella in the south. 
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The combination of accumulated vegetation and fuels in the wildlands and increased population in 

communities adjacent and intermixed with them throughout the western United States is recognized by 

many to contribute to increasing threats to communities, as well as increased fire management costs 

throughout the western United States (California Forest and Range Assessment 2010, Toman et al. 2012, 

Wildland Fire Leadership Council Cohesive Strategy 2013, Ecological Restoration Institute 2013). The 

extensive WUI in the bio-region has resulted in changes to fire management including choice of strategies 

and spending during uncontrolled wildfires (Calkin et al. 2005, Canton-Thomson et al. 2008).  Research 

since the turn of the century has shown that fuels in the ñhome ignition zoneò and ignitability of building 

materials (e.g. fire resistant metal vs. burnable wood shingle roof) are most critical to whether structures 

burn in the WUI or not (Cohen 2001, 2003, 2004, Reinhardt et al. 2008).  Investigation of recent 

catastrophic fires in the WUI, where many structures burned, shows that most of the damage in the WUI 

occurs during the most severe fire weather conditions (Menakis et al. 2003). Fires under these conditions 

have rapid growth rates and/or high intensities (Reinhardt et al. 2008).  An example in the bio-region is 

the Angora Fire in South Lake Tahoe in 2007 (USFS 2007, Safford et al. 2009).  Despite fuel hazard 

reduction treatments in the WUI, 254 homes were destroyed (Safford et al. 2009). 

These types of fires also put more firefighters at risk (Stockmann et al. 2010).  In 2006, five firefighters 

were killed protecting WUI structures (Stockmann et al. 2010).  In 2003, 15 people were killed in 

association with the Cedar Fire, including one firefighter.  As a result of these newer findings, the new 

Cohesive Fire Strategy emphasizes fire adapted communities, fire resilient wildlands, and risk-based fire 

management.  Fire adapted communities are discussed in a later subsection and fire resilient wildlands are 

discussed below.  

Predicted trends are that climate will continue to change and magnify the fire risk to communities, as well 

as increase the likelihood of more intense and faster growing fires in the wildlands (McKenzie et al. 2004, 

Westerling 2006, Westerling and Bryant 2008, Westerling et al. 2011).  Longer fire seasons, and drier and 

hotter fire conditions have already been noted over the last decade (Safford and Meyer 2012).   

Current and future fire management is incorporating a risk-based management approach, as outlined in 

the Cohesive Fire Strategy (2013). There are regional assessments, and plan development is underway. 

One broad-scale approach the Cohesive Fire Strategy provided was a probability assessment of wildfire 

risk (Cohesive Strategy 2013). In this national risk assessment, the Sierra Nevada mountain range was 

identified as one of the highest risk areas in the country (Cohesive Strategy 2013).   

These data are currently being calibrated for use in California at the bio-regional, forest and finer scales 

by CalFire and Forest Service fire behavior experts. This requires using local weather stations and 

analyzing weather related to fires of different sizes in the surrounding areas. One notable example is a 

collaborative effort by government and private industry (Pacific Gas and Electric) in the Mokelumne 

Watershed to assess costs of treating fire hazard to reduce potential costs from post-fire sediment into 

reservoirs. Another key effort underway is the development of severe fire behavior thresholds (Energy 

Release Component) to improve science-based fire management actions on the three southern Sierra 

Nevada early adopter forests (Bowden personal communication 2013).  
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Ecosystem Fire Resilience: Condition and Trends 

Resiliency is how much change an ecosystem can absorb without changing dramatically, or ñunravelingò. 

For ecosystems in the bio-region, this means that they will still provide desired habitat and ecosystem 

services, such as clean water.  Resilience is easy to discuss, but difficult to quantify. Since it is important, 

the science of fire behavior predictions and research on fire effects to ecosystems was used, and a 

reasonable estimate was developed.  

In order to look at conditions and trends in fire resiliency across the bio-region, two different approaches 

were applied:  fire return interval departure, and fire resiliency index across watersheds. For both, the 

purpose was to define resilience in terms of sustaining ecological integrity, the primary intent of the new 

planning rule.   

First, available fire return interval departure (FRID) maps were used (Van de Water and Safford 2011).  

The FRID approach compares reconstructed, historic average years between fires with current fire return 

intervals. This serves to provide an overall view of ecological ñfire deficitò, where many fire cycles have 

been missed with associated ecological consequences.  More information is found under the Ecological 

Integrity theme.  The map displays the departure in terms of the percent of fire cycles that were missed 

(difference in average now compared to average historic) or where fires are more frequent.   In general, 

there are large fire deficits in the lower elevation forests and few changes in subalpine or higher reaches 

of the upper montane forests.  Other areas, namely desert and sagebrush steppe where cheatgrass 

invasions are extensive, have a trend of increasing fires over what occurred historically.  

For the second approach, a fire resiliency index was calculated for large areas reflecting differences in 

current potentials for high, moderate or low severity (to vegetation) fires.  Severity to fire in the forests 

was assessed with potential fire type developed with LANDFIRE data (Rollins 2009). There were two 

categories applied: crown or surface. 

 

 ñSurface fireò burning in the understory 

of a forest with flames below the crowns of the large trees 
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Crown fires 

In contrast, these two photos show ñcrown firesò.  In the photo on the left, flames extend up into the 

crowns of some of the clumps of large trees, but are on the surface in other places. This is called ñpassive 

crown fireò. In the photo on the right, massive flames, hundreds of feet tall, extend above the crowns of 

all the trees in the forest. This is called ñactive crown fireò.  

The type of fire depends on the weather conditions that are input into the model and the detail of 

information available for the live and dead vegetation.  At the bio-regional scale, potential fire behavior 

provides a useful gauge of overall fire effects to vegetation or communities (CalFire 2010).  For non-

forested types, the Departure from Fire Return Interval Index was used (Van de Water and Safford 2011). 

Fire effects to ecological integrity are far less important at the individual forest stand, animal or plant 

location or meadow. Ecological integrity is most influenced by fire effects at landscape scales, across 

areas where large fires occur and fire regimes are characteristic. More importantly, current and more 

uniform, dense landscape vegetation makes development of large intense fires more likely. Once a fire 

gets started in the drier part of the summer or fall, it often covers thousands of acres in days, or hundreds 

of acres with short bursts in the crowns of trees.  These fire runs are often very difficult to directly 

ñattackò safely or effectively, and therefore, the consequences must be evaluated in larger areas.  Since 

fire operates at large scales, landscape fire resilience is important to characterize at that scale. Single tree 

stands that burn intensely are less important than how an entire watershed of trees burn.  

Readily available, large watershed basin boundaries were used to delineate large landscapes. For a first 

approximation of ecological resilience, four different levels were used. These levels were based largely on 

the likely degree of effect on wildlife habitat, for example spotted owls, and old forest, and to some 

degree on natural range of variability (NRV).  NRV only was not used because at this time conditions are 

far removed from them in terms of fire regime, and even a modest shift toward that level of resiliency 

would benefit ecological integrity and is more feasible in a short period of time. The planning rule 

specifically provides for using ecological integrity based on measures other than NRV where this is the 

case.  These were not meant to represent desired conditions, but broad, relative differences in fire effects.  

The levels were developed for broad landscapes defined by dominant vegetation and climate. 
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Ecological zones of the bio-region 

In this map of the bio-region, the six ecological zones representing major elevation and precipitation 

zones are shown. There are six ecological zones, including:  foothill, montane-dry, montane-mesic, upper 

montane, subalpine/alpine, and sagebrush/pinyon juniper.  Descriptions of the locations of these and 

major vegetation types are:   On the lower western slopes, the foothill zone occurs as a band, extending 

from the north all the way to the south, bordering all national forests and overlapping with only small 

portions. Oak woodland, chaparral, and grassland are the primary wildland vegetation. Directly adjacent, 

extending to the east in a parallel band upslope is the montane zone, encompassing mixed conifer, yellow 

pine, and mixed hardwood forests on the west side and east side. Across the north, on the Plumas National 

Forest, it is continuous to the east side except for several higher elevation ñislandsò of red fir. In the south, 

the montane band is narrow, especially on the Sierra and Sequoia National Forests. To the east, and at the 

highest elevations, the upper montane and subalpine/alpine zones are shown. These form a wide belt 
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across the top of the mountain range in the south but narrow progressively north through the Tahoe 

National Forest, where it becomes discontinuous islands.  Red fir, Jeffrey pine, and lodgepole pine forests, 

meadows, and chaparral comprise the upper montane vegetation. Along the eastern portion of the bio-

region, there are large expanses of sagebrush and the pinyon/ juniper zone. Over half of the northern third 

of the bio-region, from Lake Tahoe north to the California border, is occupied by the sagebrush, 

pinyon/juniper and eastside montane zones. To the east and south of Lake Tahoe, the sagebrush and 

pinyon/juniper zones occur mainly to the east in Nevada, and then in a wider band on the Inyo National 

Forest to the southern edges of the bio-region. In the southeastern corner, a small area of desert occurs, 

and subalpine forests of bristlecone pine.  

Within these landscapes, forested areas (pine, mixed-conifer, red fir) were rated by broad levels of fire 

types. For other types, where the potential fire models are less useful for ecological effects (chaparral), 

the FRID data were used.  Resilience was also rated differently in the narrow band around communities 

and infrastructure, or the wildland urban interface (WUI), using fire behavior standards for firefighting 

based on an interagency fire assessment group including state and federal partners. In general this follows 

the Hauling Chart (Pyne et al. 1996). This was in a relatively narrow band and is largely masked in the 

wildland fire resiliency ratings at the bio-regional scale.  The wildland fire resilience ratings are very 

important to fire resilience in the WUI, since the intensity and speed fires that start in wildlands and move 

into the WUI depends on the conditions in the wildlands (Reinhardt et al. 2008).  In the map below, 

wildland fire resilience ratings are shown. 
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Wildland fire resilience 

In the map above, fire resilience is low to very low across most of the bio-region. The exception is at the 

highest elevations in the subalpine and alpine zones and limited areas of the foothill zone. Large patches 

of very low fire resilience are found in the montane zone, in the mixed conifer and pine dominated areas.  

These patches are larger and more prevalent in the central and especially the northern Sierra Nevada. 

Wildland fire resilience in watersheds around the developed areas (WUI) is mostly rated as low resilience. 

Areas in the southern Sierra Nevada around WUI are rated as high resilience, but that is because 
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ecologically, the dominant vegetation type, chaparral is resilient ecologically. The native vegetation is 

adapted to high intensity fire. These maps do not mean that the vegetation in the WUI is a low hazard for 

fire suppression.  

Since 1991, over 340,000 acres have been treated by the Forest Service in the WUI in the bio-region 

(Efird and Wheatley 2004, 2005, 2006, Flebbe 2007, 2008, 2009, 2010, 2011).  Further, the Forest Service 

has contributed millions of dollars toward Fire Safe Council grants, administered by the independent 

California Fire Safe Council. A comprehensive assessment of fire hazard and risk within and among 

developed areas in the WUI is not possible at this time, because multiple land ownerships occur and there 

is not a combined database of WUI treatments (Sapsis personal communication 2013).  Extensive fuel 

hazard reduction treatments around structures and along evacuation routes have been completed by 

CalFire, the Bureau of Land Management, the National Park Service, the Natural Resource Conservation 

Service, many Fire Safe Councils and other organizations, communities and private landowners. One of 

the most pressing needs identified in the Cohesive Strategy (2013) is to develop a common, spatial 

database of WUI treatments to accurately track fire hazard and risk conditions.  

Trends in fire resilience depend on changes in vegetation and fuels across large landscape areas because 

the scale of fires during severe fire conditions is large. The Forest Service has two monitoring programs 

to track changes in vegetation from fire. One is the Fire Severity Monitoring Program (Miller and Safford 

2012). The other includes vegetation management treatments entered into the national database Forest 

Service Activity Tracking System (FACTS).  In progress is a systematic process for taking these results 

and translating them into changes in fuels that can then be used to predict changes in fire behavior and 

fire resilience (Bowden personal communication 2013). This system will be transparent, and use the 

National Fire Plan tool, LANDFIRE. This tool will be prototyped for the three southern Sierra Nevada 

early adopter forest assessments (Sierra, Sequoia, and Inyo) and then applied to the bio-region.  

Effects of Landscape Fire Resilience on Communities 

Current conditions have led to more funding needed to manage fuels and suppress fire.  Forest Service 

spending from 2006 through 2012 in the bio-region has increased mostly as a result of increases for 

wildland fire management (USFS 2012b).  Fire suppression costs are also skyrocketing (Calkin et al. 

2005).  At the national level, these increases are seriously jeopardizing the agencyôs ability to fund its 

natural resource mission (USFS 2008).  A recent fire in the bio-region, the Angora Fire in South Lake 

Tahoe, cost $160,000,000 alone and was one of the ten costliest fires in U.S. history (Safford et al. 2009). 

According to Winter et al. (2013), institutional, political, and social constraints influence management 

decisions and need to be accounted for and examined in models, tools, and applications, especially with 

managing wildland fires for resource management objectives. District rangers and forest supervisors have 

cited the lack of agency support in their decisions on managed wildfires, as well as air quality regulations, 

as reasons to continue full fire suppression. Rangers also referred to public concern, including the impacts 

of lingering smoke, risks of damage to habitats, and risk of fire escapes to communities as having 

influenced their decisions.  However, Yosemite and Sequoia and Kings Canyon National Parks have long 

managed wildfires to restore fire to the ecosystem. More recently, the Sequoia, Stanislaus, and Eldorado 

National Forests have begun to strategically manage wildfires for resource benefits.  
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Education about the ecological role of fire may result in people being more accepting of fire, and the 

smoke and the risks that come with it. Many people's concern for fire and smoke may stem from a belief 

that wildfire only has negative outcomes, when, with proper management, fire also has extremely 

beneficial outcomes.  It may also take time and experience with successful outcomes for people to 

become comfortable with managing to increase the amount of fire on the landscape.  

Any major reduction in fire suppression and fuel loading, as well as restoring the role fire plays on the 

landscape, is heavily dependent on increased local, regional, and national political support (Winter et al. 

2013a). In addition, increased prescribed burning will disproportionately affect residents and tourism-

related businesses in order to provide benefits for the greater public good and reduce negative impacts to 

future generations (Winter et al. 2013a). 

Fire and the Benefits People Obtain from Ecosystem Services    

As discussed above, wildfire in the bio-region is increasing in severity and these uncharacteristic fires 

have the potential to disrupt the underlying ecological processes that provide ecosystem services.  

Ecosystem services are the valuable outputs of healthy ecosystems, and are critical to the wellbeing of 

people.  The bio-region provides an array of these services that are enjoyed directly by individuals and 

communities like water, wood products, energy, and recreational opportunities.  There are also many vital 

services that provide benefits that are less apparent in our daily life, but are important for the support they 

offer the ecosystem, such as water filtration, carbon sequestration and biodiversity. 

Important landscapes that provide the resources that produce these key ecosystem services are found 

throughout the bio-region (Metcalfe et al. 2013).  Uncharacteristic fires threaten these landscapes and any 

resulting interruption or loss of these services has a cost to everyone.  As a result, the Forest Serviceôs 

restoration based-management direction includes, ñcommitment to a renewed focus on the sustainable 

delivery of ecosystem servicesò (USFS 2013 p .1).  In addition to fire, disturbances from impacts to 

ecological integrity also threaten the benefits obtained by people from ecosystem services in the bio-

region.  More details on these threats to ecological integrity are included under the Ecological Integrity 

theme. 

To get a sense of the extent wildfire threatens the many important ecosystem services provided by our 

forests in the bio-region, the landscapes that provide these services were examined as to their risk for 

uncharacteristic fire that would be detrimental to these services.  It is clear that a high percentage of 

ecosystem services are under a threat from uncharacteristic fire (Metcalfe et al. 2013).  Specifically: 

¶ 99 percent of the important timber-producing land in the bio-region is at risk for uncharacteristic 

fire; 

¶ 90 percent of the important carbon sequestration land in the bio-region is at risk for 

uncharacteristic fire ; 

¶ 74 percent of the land with the most valuable assets for protecting water quality is at risk for 

uncharacteristic fire; 
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¶ 87 percent of the land with the most valuable assets for supporting water supply is at risk for 

uncharacteristic fire; 

¶ 89 percent of the Forest Service recreation facilities in the bio-region are at risk for 

uncharacteristic fire; 

¶ 91 percent of the locations in the bio-region that provide habitat for important ethno-botanical 

species for cultural heritage uses are at risk for uncharacteristic fire; 

¶ 62 percent of the land important to providing terrestrial biodiversity in the bio-region is at risk for 

uncharacteristic fire; 

¶ 86 percent of the land important to providing aquatic biodiversity in the bio-region is at risk for 

uncharacteristic fire; 

¶ 83 percent of the land with high potential for providing solar energy, 46 percent of the land with 

high potential for wind energy and 97 percent of the land with high potential for geothermal 

energy are at risk for uncharacteristic fire; and 

¶ 45 percent of existing hydroelectric facilities and 23 percent of the acres in existing electricity 

transmission corridors are at risk for uncharacteristic fire. 

The fact that such a large extent of the bio-regionôs important ecosystem service landscape is at risk 

suggests that under current conditions, the future trend will be for increased loss and more interruptions in 

the benefits that these services provide (Metcalfe et al. 2013).  Contributing to this potential trend in 

declining benefits is the fact that the cost of fire management (fuel reduction and fire preparedness) and 

fire suppression have made up larger and larger portions of forest budgets in the bio-region.  With limited 

financial resources available for management, this increase in fire spending reduces the ability of forests 

to address other management needs that also threaten the ecosystem and therefore the sustainability of 

these ecosystem services (Gorte 2013).  The management of these other threats to the ecosystem is 

discussed in more detail under the Ecological Integrity theme. 

Also important to note is the large geographical scale at which this potential interruption or loss of 

benefits will affect people.  Many services are thought of as benefiting locals or ñon forestò users and 

therefore it is perceived that any decrease in the benefits from ecosystem services will affect only those 

people in close proximity to the forests.  Examples of these more local services are recreational 

opportunities for visitors and local employment from forest commodities such as timber and grazing and 

through supporting forest recreation.  However, the scale of the potentially lost benefits from ecosystem 

services is much larger and has an effect on people located far from forest boundaries.  When services 

such as water supply, electricity, carbon sequestration and cultural resources are lost, people across the 

state are affected even if they do not live near the forests or never plan to visit the forests.  It is important 

to communicate about these potentially lost benefits so people understand the important role forest 

ecosystem services and forest management play in their daily life. 

The cost of losing or interrupting ecosystem services is related to the value that these services provide.  

The services that are easiest to characterize in terms of their value are the forest commodities bought and 
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sold in existing markets.  Examples of these are water, timber, livestock and energy.  However, the term 

ñvalueò is used here to represent something more inclusive than just a monetary or dollar value.  It is also 

used to capture the idea that benefits, even when they are not directly relatable to dollars spent or 

received, still contribute to improving the quality of our lives.  Examples of such value associated with 

non-monetary benefits are ecosystem services such as cultural heritage, sense of place, aesthetics and 

biodiversity.  Even though there is no direct market where the benefits from these services can be bought 

and sold, they all contribute to peopleôs wellbeing and therefore these benefits need to be considered in 

forest management. 

To get a sense of the magnitude of the benefits provided by the ecosystem services of the bio-region, the 

1996 Sierra Nevada Ecosystem Project (SNEP) examined the value of some forest commodities and 

services produced annually (Stewart 1996).  This study estimated this annual value as approximately $2.2 

billion ï around $3.2 billion in todayôs dollars ï and this value does not include many of the non-

monetary types of benefits described above.  In this estimate from SNEP, the value from water supply 

alone accounts for more than 60 percent of this total and the benefits of this water are enjoyed across all 

of California, thus showing the vast numbers of people from all around the state who rely on these 

benefits on a daily basis and who would feel the cost associated with any interruption or loss of this 

service.  Forests provide us with tremendous value contributing greatly to peopleôs quality of life.  The 

threat of wildfire fire interrupting or reducing these services is an important management consideration 

across the bio-region. 

Other important commodity based ecosystem services in the bio-region at risk of fire are timber, grazing, 

and energy.  Timber and grazing provide value to people through the production of fiber and food, as well 

as through job opportunities and by supporting the culture and way of life of rural forest communities.  

The current and potential use of renewable energy generated from hydropower, biomass, geothermal and 

solar and wind facilities on forest lands is another valuable commodity on these forest lands. This energy 

potential has increasing value as the state looks to diversify its energy portfolio and also reduce carbon 

emissions from energy generation (NREL 2005). 

Outside of these commodities, the bio-region provides the setting for a large recreation and tourism 

industry.  The national forests in the bio-region provide immense value through a diversity of forested, 

river and lake-based recreation settings, a vast spectrum of public and private recreation opportunities for 

the summer and winter, and a variety of popular modes of recreation access (motorized, mechanized, non-

motorized and equestrian).  These activities draw people from around the world and provide enjoyment as 

well as benefit to local economies. 

Major unplanned events like wildfire have the potential to interrupt and reduce the benefits of this 

recreation.  Scientific findings point to more impact from fire on the recreation visitor experience than 

anticipated by managers; sometimes, health and safety issues are of sufficient concern to cause people to 

change their travel plans (see citations in Winter et al. 2013a). Studies have found long term negative 

effects of large wildfires on wilderness visitation.  These studies have also reported variable effects of 

forest fires on recreation and tourism associated with fire intensity and recreation use activity. Other 

studies suggest a smaller more minimal impact of fires on the overall experience of recreationists and 

tourists (Winter et al. 2013).  Whatever the magnitude of the effect on visitors that may result from fire, it 

is important to recognize that decreasing visitation not only reduces the benefits obtained by these 
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visitors, but also reduces the benefits available to the local economies that cater to these visitors (Lin and 

Metcalfe 2013). 

Cultural heritage and sense of place are also important ecosystem services that provide value to a wide 

selection of people. The Sierra Nevada bio-region has a rich history and culture that has always been 

deeply connected to the land and its natural resources.  This began with Native American settlement in 

10,000 years ago, through the gold rush, which brought tens of thousands of people into the Sierra 

Nevada area. Mining activity also led to significant timber harvesting, ranching, and farming and was 

followed by a growing number of exurban migrants who wanted a refuge from urban life and were 

attracted to the natural beauty and cultural history of the area. All of these uses have value in terms of the 

defined cultures in the bio-region, as well as the identity provided to individuals and communities.  The 

threat of fire places this value at risk (Lin and Metcalfe 2013). 

Other key ecosystem services provided by forests in the bio-region are carbon sequestration and 

biodiversity, which are also vulnerable to uncharacteristic fire. Sequestering carbon is an important 

attribute of forest ecosystems and provides a great benefit globally by reducing atmospheric greenhouse 

gases. Biodiversity provides value to people as it allows for protection of the species necessary to provide 

the services of recreation, agriculture, fisheries and forest products. It also provides benefits through the 

value placed on an ethical obligation to protect other species from extinction, religious and cultural values 

associated with cherishing the earth and its inhabitants, and the desire to leave for future generations that 

which we are able to enjoy (EPA 1999). 

Overall, increased fire resilience of our forests reduces the potential for disruptions and the benefits from 

the services above and also benefits local communities directly through reductions in severe wildfire that 

can threaten life and property.  Therefore, increasing the fire resilience of forest landscapes in the bio-

region is an ecosystem service in and of itself that benefits communities.  The role of resilient and fire 

adapted communities in forest management are discussed in more detail in the next section. 

Resilient and Adaptive Communities in the Face of Fire 

Wildfires have a variety of impacts on individuals, families, neighborhoods, social groups, and 

communities (McCool 2007, Winter et al. 2013a). These fires can lead to death, increased personal stress, 

problems with health from smoke, psychological and emotional impacts, increased community tension 

and conflict, destruction of property, interruption to businesses, and decreased opportunities for recreation 

in the area (California Department of Forestry and Fire Protection 2010).  The costs associated with these 

impacts to communities are above and beyond any Forest Service fire suppression costs, and have been 

estimated to be far larger in magnitude when including both monetary losses (e.g. destroyed property and 

disruption to local businesses) and non-monetary losses (e.g. changes to social conditions and overall 

quality of life in the affected communities) (Zybach et al. 2009).  Forest Service strategies can directly 

influence the magnitude of these impacts by determining how fires can best be managed and how the 

agency can work with communities to best prepare for, recover from, and understand wildfires. 

Resilient communities are able to cope with, adapt to, persist and develop in the face of change, and 

innovate and transform into new, more desirable configurations in response to disturbances and the costs 

associated with wildfires (Folke 2006, Long et al. 2013b). Such resiliency requires communities to be 
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fire-adaptive in that they are made up of informed and prepared citizens, collaboratively planning and 

taking action to safely co-exist with wildfire (WFLC 2013). However, rural communities across the 

United States tend to be less resilient and more vulnerable to these types of disturbances than are urban 

communities, and the people residing in the wildland urban interface (WUI) are particularly vulnerable to 

fire (Jardine and Long 2013).  Given the recent trends for increased development in the WUI of the bio-

region, the impact of fire on communities is an important management concern. 

Development in the Wildland Urban Interface 

Population growth and more demand for housing are resulting in increased development in the wildland 

urban interface (WUI) across the state.  In 2000, over 90 percent of homes in the Sierra Nevada and Sierra 

Nevada foothills (as defined by Baileyôs ecoregions) were located in the WUI, and the WUI captured 

virtually all of the net growth in housing units in this area from 2000-2006 (Hammer et al. 2007).  In this 

study, WUI housing units in the Sierra Nevada were largely characterized as ñintermixò, meaning 

structures are scattered throughout and overtopped by wildland vegetation.  This recent growth and 

settlement in the Sierra Nevada is influenced by amenity migration into the WUI and settlement of 

seasonal and year-round residents who are drawn here by its unique features (Loeffler and Steinicke 

2007). Amenity migration in the Sierra Nevada has also been characterized by people moving to higher 

elevations, further expanding this WUI into previously undeveloped mountain areas (Loeffler and 

Steinicke 2006, as cited in Winter et al. 2013b).  In addition, Californiaôs senior population, which is the 

largest in Californiaôs history, is another social factor influencing growth in the WUI.  This population is 

expected to continue to grow and settle in the bio-regionôs foothill and rural counties (Roberts et al. 2009, 

as cited in Winter et al. 2013b).  As a result, more population in these areas means a greater risk to 

communities and a greater potential for impacts from fire. 

The condition of fuels in our forests also contributes to increased potential for community impacts from 

fire.  The Sierra Nevada has been subject to fire suppression for over a century, resulting in ecological and 

human safety problems (Heckmann et al. 2008).  Following 100 years of putting out fires in the bio-

region, vegetation and fuels have become denser and more continuous.  As a result, fires have become 

more difficult to suppress.  This combination of increasing forest fuels, along with increased development 

in the WU, has resulted in increases in both the frequency and intensity of wildfires with the potential to 

impact communities (Rahn 2009).  In fact, a concentration of Californiaôs highest priority landscapes ï 

defined as having a high wildfire threat together with human infrastructure assets ï is located within the 

Sierra Nevada (California Department of Forestry and Fire Protection 2010). 

Smoke and Communities  

Smoke from wildfires is particularly contentious for communities.  This impact is exacerbated by trends 

of more people, more homes, and more recreational uses in the bio-region.  Wildfires result in lower air 

quality and can impact human health as intense, large, and long-lasting wildfires are likely to result in air 

quality that exceeds set standards (Bytnerowicz et.al. 2013). While fire and associated smoke have always 

had a consistent presence in the bio-region and are key ecosystem components, the levels and patterns of 

smoke, and the resulting effects on people have changed.  Prior to the 19th century, when fires were 
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burning extensively across much of the lower and mid-elevation areas annually, smoke emissions were 

substantial (Stephens et al. 2007, Bytnerowicz et al. 2013).   

A long history of fire suppressions has encouraged residents and visitors to the Sierra Nevada to 

expect exceptional visibility and smoke-free conditions during the summer and fall.  This may not 

be a realistic expectation for the area, especially under a changing climate projected to increase the 

likelihood of large, severe wildfires (e.g. Westerling et al 2006) (Bytnerowicz et al. 2013).  

Unmanaged wildfires cause the highest levels of smoke.  This is a result of the extensive absence of fire 

and accumulated fuel levels, as well as burning when temperatures are hottest and combustion is the 

greatest.  

Managed fires, and prescribed fires, where the smoke is managed, produce emissions, although these 

emissions are at generally lower levels than unmanaged wildfires, and these practices may reduce overall 

emissions in the long run.  A study of the western states found that large-scale prescribed fire could 

reduce long term carbon emissions in the western U.S. by about 20 percent (Wiedinmyer and Hurteau 

2010).  The discussion around this tradeoff can be contentious and difficult for local air quality boards to 

grapple with.  In the bio-region, this situation occurs in the southern Sierra Nevada in the San Joaquin Air 

Basin. The San Joaquin Valley Unified Air Pollution Control Board, Sequoia National Forest, and Sequoia 

and Kings Canyon National Parks dealt with it through a great deal of communication with one another.  

Joint meetings were held to discuss the benefits of reduced emissions from unmanaged wildfires and 

ecosystem health, and the short term impacts.  One outcome was that remote, 24-hour live video cameras 

were installed to provide real-time condition tracking by the Air Pollution Control Board.  This successful 

effort has enabled the Sequoia National Forest to restore managed fire to substantial areas on the Kern 

Plateau. 

Importance of Collaboration 

Two key findings in recent major reports emphasize the critical role of collaboration ï the importance of 

an all lands approach to effectively address fire in the wildland urban interface (WUI) - and the necessity 

that communities and agencies at all levels work together in all phases of planning (WFLC 2013, Toman 

et al. 2013, ERI 2013).  With the migration of more urban and suburban Californians to communities in 

the bio-region, more people are exposing themselves and their families to the danger of wildfire. Many 

newer residents in fire risk areas are unfamiliar with the safety problems associated with building in these 

locations (Sierra Business Council 1997). In particular, people tend to underestimate the risk of living in 

high fire risk areas and landowners are not typically liable for failure to take risk reduction actions on 

private property (Yoder and Blatner 2004). However, community involvement in wildfire planning is 

extensive in California (California Department of Forestry and Fire Protection 2010) and is a critical 

component of developing fire adaptive communities (WFLC 2013). Examples of this community 

involvement include (Charnley et al. 2013): 

¶ Fire Safe Councils (FSCs) where The Forest Service plays an active role supporting and engaging 

with the FSCs in their activities, and provides funding. FSCs help Californians mobilize to 

protect their homes, communities, and surrounding lands from wildfire; 
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¶ Fire Learning Networks foster collaboration across organizations and administrative boundaries 

to develop landscape-scale restoration plans for fire-prone ecosystems; 

¶ Conservation learning networks promote education by spreading best practices and identifying 

barriers and solutions; 

¶ Community Wildfire Protection Plans not only help communities address fire risk locally, but also 

help people create social networks, enhance learning, and build community capacity. 

As discussed in Charnley et al. (2013), the Forest Service can play a role in all of these types of activities, 

providing data and expertise, and helping stakeholders form the necessary networks. They also describe 

how collaboration between managers, researchers, and tribal practitioners can be the vehicle for 

evaluating cultural resources that support community health and livelihoods. Tribal communities in the 

Sierra Nevada present distinctive opportunities for mutually beneficial partnerships to restore ecologically 

and culturally significant resources and to promote resilience. 

Tribal Concerns and Fire Management 

Modern towns and cities now exist in the places where tribal communities once stood.  Traditional tribal 

practices not only protected those communities, but provided for the communities at large.  Traditional 

practices such as burning were passed on from generation to generation because tribes knew that small 

fires prevented large catastrophic ones.  Also managing the timing of these fires was a consideration as 

fires that started in the late summer were known to trigger salmon runs.  This was an effect of inversion 

layers of smoke settling in on river canyons and cooling the water through shading the sunôs rays.  The 

cooler water would be felt by the salmon downstream and would initiate their move upstream.  In some 

places, this activity eventually became ceremony and continued for thousands of years.  Todayôs practice 

of suppressing fires has had an impact on these types of ceremonial traditions, and may have ecological 

and economic impacts on salmon species and subsistence and commercial fisheries as well.   

There are several plants that have cultural significance to tribes, and special ecological value in providing 

habitat or playing key ecological roles dependent on fire and smoke. One example in the Sierra Nevada is 

California black oak, which is an important food source for Native Americans, and is recognized as a key 

species to manage for wildlife habitat (Lake and Long 2013). Fire can be targeted at specific locations to 

enhance willows in riparian areas, acorns, and feeding locations for wild game, as well as to reduce insect 

infestations that damage traditional food sources or species gathered for traditional purposes (Goodwin 

2013).  Many ecosystems in the Sierra Nevada are not self-maintaining islands.  Resource management 

by Native Americans in the bio-region was long term and widespread, producing ecological and 

evolutionary consequences in the biota (Anderson and Moratto 1996). The concept of managing areas as 

wilderness is controversial with the tribes as well as with the public (Goodwin 2013). The intent of 

maintaining these areas in their ñpristineò condition can be felt by tribes as not considering traditional 

ecological knowledge and associated tribal practices. The increased risk of catastrophic fires in the Sierra 

Nevada is thought to be one of symptoms resulting from the departure of Native Americans from 

managing these ecosystems (Anderson and Moratto 1996). With the expected increase in 
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uncharacteristically large fires, as well as impacts from climate change, tribes may end up needing to 

establish new sacred sites or ceremonial areas in the future (Goodwin 2013). 

Forest Restoration and the Role of Rural Communities 

Sound restoration work to retain and restore ecological resilience in the face of wildfire is being done 

throughout the bio-region.  However, important indicators suggest that impacts from disturbances are 

currently outpacing the benefits of this work.  Specifically, wildfires in the bio-region are becoming 

larger, more frequent and of greater severity, and these fires threaten communities and the health of 

resources in the forests that support human wellbeing (e.g. wood, fiber and water as well as biodiversity, 

scenic landscapes and wildlife habitat).  To counter this trend and ensure the sustainability of the benefits 

these resources provide, forest management will need to significantly increase the pace and scale of 

restoration in order to remove the conditions driving these increases in fire (USFS 2013). 

Current policy for national forest management calls for approaches that accomplish ecological restoration 

goals, while simultaneously producing forest products that can benefit local communities (USDA 2010, 

USFS 2007 as cited in Charnley and Long 2013).  Ecological restoration as a policy in the bio-region can 

contribute to reducing current trends in fire while simultaneously contributing to the sustainability of local 

community wellbeing.  Specifically, restoration projects that support the local wood product economy 

also provide the opportunity to support local residents in rural areas who rely on the forest for their 

livelihoods. For example, a study has estimated 13-29 jobs are created or retained and over $2.1 million in 

total economic activity is generated for every $1 million invested on restoration (Moseley and Nielsen-

Pincus 2009). In addition, rural communities in the wildland urban interface (WUI) are economically 

connected with key forest sectors as they rely on activity in timber, mining, grazing and recreation.  A 

reduction in uncharacteristic wildfire as a result of restoration reduces the potential for damage to the 

resources on which these forest sectors are dependent.  Therefore, restoration reduces the potential for 

disruption on the livelihood for many of the residents in these communities (Zybach et al. 2009).   

Not only is restoration a potential benefit to these rural communities, but economically healthy local 

communities are also a benefit to the success of Forest Service restoration goals.  Given the desire to 

increase the pace and scale of restoration, maintaining a robust local workforce and local infrastructure is 

necessary to support the logistics and economics of restoration (Charnley and Long 2013, Charnley et al. 

in press). This is because the revenue that can be generated through stable local markets for timber and 

non-timber biomass from restoration activities can help offset the costs of Forest Service restoration 

goals.  In addition, the further the haul distance from the harvest site to the processing facility, the higher 

the transportation costs and less economical the timber sale.  Therefore, maintaining local wood 

processing infrastructure in the bio-region is an important strategy for maintaining favorable economics to 

accomplish ecological restoration goals while sustaining jobs in the local wood products industry 

(Charnley and Long 2013, Charnley et al. in press). 

However, changes in the timber economy have resulted in drastic reductions in the local timber 

infrastructure and the labor force that supports this industry.  Timber harvest in the bio-region has 

declined since the early 1990s.  The declines are a result of protection of old growth forests, protection of 

threatened and endangered species, restrictions on harvesting in unroaded areas, and timber sale appeals 

and litigation.  At the same time, state regulations resulted in similar decreases in timber harvests from 
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state and private lands (Morgan et.al. 2004 and 2012).  The volume of timber harvested from Sierra 

Nevada national forests was 1.29 billion board feet in 1988, and 183.8 million board feet in 2010, 86 

percent lower than it was in 1988 (Charnley and Long 2013). Timber harvest on private land in California 

has followed a similar trend, decreasing over this same time period.  Some of the downturn in logging on 

private lands is related to the downturn in the economy that has resulted in reduced housing starts and an 

overall decreased in the demand for lumber.  As the economy improves, there is anticipation of a potential 

increase in the demand for timber from private lands and also possibly from state and federal sources as 

well (Rykoff 2013).  

This reduction has contributed to the number of sawmill closures that have occurred in California 

between 1988 and 2006 (Morgan et al. 2012).  Between the late 1980s and 2000, California milling 

capacity dropped by almost 60 percent and facility closures since 2000 have continued this trend.  As of 

2006, there remained 12 sawmills, two medium-density fiberboard and particleboard mills, and no veneer 

mills in counties within the Sierra Nevada synthesis area.  Current and expected economic conditions are 

difficult for these facilities and a continued decline in the number of mills in the bio-region would not be 

surprising (Morgan et al. 2012, Charnley and Long 2013). 

A longer term view of the California wood products industry seems to indicate that infrastructure is 

capable of providing an effective link between the supply of available logs and societal demands for wood 

products. While the number of operating manufacturing facilities has sharply declined in the face of 

significant decreases in home construction, improved economic conditions are likely to at least stabilize, 

if not increase their number.  These future timber harvests throughout the bio-region are dependent on 

multiple factors.  One factor is the demand for wood products, which fluctuates in response to both 

regional and international economic conditions.  Others are the pace of new home construction and future 

decisions on restoration.  These factors make identifying these trends difficult (Sherlock 2013). 

Non-timber biomass is also generated during forest restoration.  This biomass can be used to generate 

electricity for the people of California.  Biomass energy is promising as it is renewable.  Like timber, the 

revenue from biomass can help offset restoration costs and contribute to the economies of local 

communities.  Currently, California has more biomass power plants than any other state and this capacity 

has been growing (Mayhead and Tittmann 2012, Morgan et al. 2004).  Even so, biomass currently only 

accounts for around two percent of the stateôs total electricity generation.  There are also economic 

challenges facing future development of biomass power plants.  Existing contracts make these plants 

unprofitable, and there is restricted ability of new plants to attract investment capital given the uncertainty 

of biomass supply (Mayhead and Tittmann 2012).  As a result, there is uncertainty surrounding the 

development of biomass energy and its ultimate growth potential in the bio-region (Charnley and Long 

2013). 

Without stability in the local wood products industries and without more stable local markets for timber 

and biomass, the ability of the Forest Service to achieve an increase in the pace and scale of restoration on 

this landscape will be limited. This is because the potential revenues generated from these products are 

lost, and fewer acres can be treated as transportation costs increase.  As a result, the opportunity to offset 

some of the cost of restoration is lost.  This is a critical factor in the current federal government budget 

environment.  Therefore, forest actions to support these industries that can be undertaken in conjunction 
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with other management objectives will aid progress on restoration and will also contribute to development 

and jobs in local communities (Charnley and Long 2013, Charnley et al. in press). 

2004 Sierra Nevada Framework 

Goals for fire and fuels management are intended to reduce threats to communities and wildlife habitat 

from large, severe wildfires and to reintroduce fire into fire-adapted ecosystems.  They include:  

¶ managing hazardous fuels in and around communities; 

¶ strategically placing treatment areas across landscapes to interrupt potential fire spread; fuel 

treatments such as thinning and brush removal are designed to reduce the amount of burnable material 

over 25-30 percent of the land base;  

¶ removing sufficient material in treatment areas to cause a fire to burn at lower intensities and slower 

rates of spread compared to untreated areas, and 

¶ considering cost-efficiency in designing treatments to maximize the number of acres that can be 

treated under a limited budget. 

Fire and fuels management is integrated with the strategy for conserving old forest ecosystems. Direction 

is included to guide managers in placing and designing effective area treatments while incorporating 

needs for retaining key habitat elements for sensitive species. The direction was designed to protect old 

forest species and to perpetuate old forest ecosystems, while addressing the need to intervene in the forest 

to reduce the fuel loads feeding catastrophic fires.  

The basic strategy also includes other management objectives such as reducing stand density for forest 

health, restoring and maintaining ecosystem structure and composition, and restoring ecosystems after 

severe wildfires and other large catastrophic disturbance events. 

Site-specific fuels treatment prescriptions are designed to modify fire intensity and spread in treated areas. 

Managers consider topographic position, slope steepness, predominant wind direction, and the amount 

and arrangement of surface, ladder, and crown fuels in developing fuels treatment prescriptions for each 

treatment area. Fuels treatments are intended to reduce surface, ladder, and crown fuels. Crown fuels are 

modified to reduce the potential for spread of crown fire. Consideration should be given to the frequency 

of entries to the site that will be needed to achieve desired reductions in fuels condition class. Expanded 

use of mechanical treatments can be used to set the stage for prescribed fire as a follow-up treatment, or to 

deal with those specific situations when there are concerns about smoke or available burn days. 

The integrated strategy emphasizes ecosystem restoration following catastrophic disturbance events, 

allows for salvage of dead and dying trees for both economic value and fuels reduction purposes, and 

incorporates fuels and vegetation management standards and guidelines.  Over a period of time, land 

managers can gradually restore fire to the ecosystem in its more natural form. 

Appropriate tribal governments and tribal communities will be consulted regarding fire protection and 

fuels management activities that potentially affect ranches, reservations, and other occupied areas. Fire 

protection plans will be developed for such areas in consultation with appropriate tribal or intertribal 

organizations. The direction is to coordinate with tribes and appropriate tribal organizations regarding 



52 

 

 

 

 

training, outreach, and other items of mutual interest in order to support tribal and national forest fire 

programs. 

The standards and guidelines call for mitigation of impacts from fuels and vegetation management to 

protect spotted owl and Northern goshawk nest sites, and fisher and marten dens. 

The Forest Service must meet all regulations put forth by the air districts.  Smoke from both wildland and 

prescribed fires affect the air quality in in the Sierra Nevada bio-region. These effects are short term, 

meaning that smoke from fires can be severe but limited to when fires are burning. Smoke often impacts 

more than a single basin when present and can be transported great distances from its source. Californiaôs 

Code of Regulations, Title 17 Sub-chapter 2 Smoke Management Guidelines for Agricultural and 

Prescribed Burning, sets out smoke management requirements. The requirements set forth by the state are 

then implemented by air districts. Coordination between the Forest Service and air districts are required 

for prescribed burning permission. Local air districts have established regulations to minimize smoke 

impacts from prescribed fires (5CARB).
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SUSTAINABLE RECREATION 

What Are We Trying To Sustain at the Bio-Regional Level? 

1. Culture and lifestyle 

2. Connections to the land 

3. Economic opportunities for communities 

The Forest Service is working toward a new model for recreation as laid out in the 2010 strategy 

ñConnecting People with Americaôs Great Outdoors: A Framework for Sustainable Recreation.ò The 

agencyôs vision for sustainable recreation is "renewing body and spirit, inspiring passion for the land." 

Through this new framework, the Forest Service aims to:  

¶ provide a diverse range of quality natural and cultural resource based recreation opportunities in 

partnership with people and communities;  

¶ protect the natural, cultural, and scenic environment for present and future generations to enjoy;  

¶ partner with public and private recreation benefit providers; and  

¶ perform and plan by implementing systems and processes to ensure effective decisions and 

investments, collaborative approaches, and enhanced professionalism.  

The framework includes ten focus areas that the Forest Service Pacific Southwest Region is in the process 

of implementing.  These focus areas describe actions that will help us achieve sustainable recreation 

programs on national forests by 2019.   

Sustainable recreation is a relatively recent concept for the Forest Service, and the 2012 Planning Rule 

was the first time that the concept was introduced in regulation related to the agency. Forest plans of the 

future will more fully embrace the sustainable recreation concepts within this framework. The focus areas 

will be used during the forest plan revision process to provide key programmatic questions triggering 

need for change. At the bio-regional scale, a broad look is taken at the condition and trend of major 

components of sustainable recreation organized under the concepts of sustaining culture and lifestyle, 

connections to the land, and economic opportunities for current and future generations.  

Culture and Lifestyle 

Outdoor recreation has had a long history in the Sierra Nevada and is a distinct part of the culture and 

lifestyle in the region (Sierra Nevada Conservancy 2011a). Eighty-four percent of Californians polled in 

the most recent Comprehensive Outdoor Recreation Plan (CORP) statewide survey said outdoor 

recreation was an ñimportantò or ñvery importantò contributor to their quality of life (Roberts et al. 2009). 

Californians:  seek relaxation, socialization and natural values from their outdoor recreation pursuits; they 

pursue a wide range of outdoor activities; they want more amenities when they engage in outdoor 

recreation; they have a variety of outdoor recreation styles and participation patterns; and outdoor 

recreation and nature-based tourism are important elements of Californiaôs tourism portfolio (Roberts et 
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al. 2009). The importance of outdoor recreation along with the recognition and promotion of associated 

benefits continues to increase in California (California Department of Parks and Recreation 2009) and the 

country as a whole (Council on Environmental Quality et al.2011). 

National forests are part of an expansive network of local, state, and federal parks, forests, trails, and open 

space systems in the state (Roberts et al. 2009). According to National Visitor User Monitoring (NVUM) 

data collected between 2005 and 2009, annual visitation to the ten national forests in the bio-region was 

estimated at about 19 million people. In terms of visit duration, the Sequoia, Inyo, and Sierra National 

Forests account for 45 percent of all recreation visitor days on National Forest System (NFS) lands in the 

Sierra Nevada (USFS 2012c). Together with the adjacent national parks, this portion of the Sierra Nevada 

probably has one of the highest recreation activity levels in the world (USFS 2012c).  

National Visitor Use Monitoring (NVUM) data are used throughout this document and provide the most 

relevant, reliable and accurate data available on visitation to the bio-regionôs national forests. NVUM data 

are collected using a random sampling method that yields statistically valid results at the forest level. As a 

rule, NVUM results are unbiased; however, results for any single year or season may under or over-

represent some groups of visitors.  Unusual weather patterns, major fire closures, or unanticipated pulses 

or lapses in visitation are not incorporated into the sampling framework. 

By the year 2050, Californiaôs 2010 population of approximately 37 million people is expected to increase 

37 percent to over 51 million people (California Department of Finance 2012). The important role that 

recreation continues to play in the lives of Californians, together with a growing population, is expected 

to result in an increasing demand for recreation opportunities from national forests in the bio-region into 

the future. Nationally, participation in nature-based outdoor recreation is on the rise (Cordell 2012). 

The increasing demand for recreation opportunities will be a challenge for the agency in the future. The 

Forest Service is committed to supporting a wide range of recreation opportunities, as well as other 

services and benefits provided by National Forest System (NFS) lands. However, these ecosystem 

services and benefits have limits, impact each other, and require tradeoffs. The Forest Service continues to 

manage national forests for multiple uses and benefits, working with communities to find balance 

between uses given ecological constraints, external drivers and stressors, policies and laws, and agency 

resource limitations. The agency continues to work partners as a way to help address the increasing 

demand for recreation opportunities.  

The significant role that recreation plays in the Sierra Nevadaôs identity needs to be considered along with other 

aspects of this identity, particularly the local culture and values of communities within the bio-region that go 

beyond outdoor recreation. Maintaining the rural character of the region is important to many local residents, 

who take pride in their history and the lasting presence of that history in the regionôs small towns (Sierra 

Business Council 1997). Recreation and tourism greatly contributed to growth and development in the bio-

region, bringing new economic opportunities to many communities that were formerly timber dependent 

(Charnley 2013). As people moved from urban areas to Sierra Nevada forests for their amenities and improved 

quality of life, they brought new values and differences in recreation engagement, compared to residents who 

have had a longer history in the area (Winter et al. 2013b). While net migration into counties entirely within the 

Sierra Nevada, as defined by the Sierra Nevada Conservancy,  declined between 2001 and 2009 (Sierra Nevada 

Conservancy 2011b), ñprotecting scenery, outdoor recreation opportunities, and environmental quality will 
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likely continue to encourage amenity migrationò (Cordell as cited in Winter et al. 2013b, p.5). Positive 

outcomes of amenity migration are reliant on local adaptive capacity to manage change in both social and 

physical attributes of community (Winter et al. 2013b).  

Potential impacts of recreation to local tribal cultures need to be taken into account as well. Tensions are 

growing among American Indians and those using and managing the outdoor recreation resources of the west 

(McAvoy 2002). The agency is required by law to administer the National Forest System for outdoor recreation, 

among other uses including range, timber, water, wildlife and fish. Untold numbers of Native American sacred 

sites and traditional places are located on these same lands, and tribal practices are tied to these resources. 

Economic and recreational drivers are important in land management decision-making, but sacred site concerns 

are equally important. American Indians are part of the Old and the New West. They have historic, 

contemporary and symbolic links with the landscapes of the west, including the landscapes in and near the 

major recreation, park and tourism resources of the west. Increasing user visits or directing recreational or user 

traffic toward sacred sites or traditional cultural properties may have an adverse effect on the location, as well as 

the religious, ceremonial or cultural activity of the tribes (Goodwin 2013). There is still a lack of understanding 

by visitors and managers toward Native American values and traditions, as well as a lack of understanding of 

treaty rights that give Native Americans unique use rights on NFS lands (McAvoy et al. 2004). The agency 

continues to work on developing stronger relationships with tribal communities.  

Recreating in Sierra Nevada national forests is highly valued by communities both inside and outside the bio-

region. Based on 2005-2009 NVUM data, about 36.2 percent of visitors to a forest in the bio-region travelled 

100 miles or less, 16.4 percent travelled 101-200 miles, 24.3 percent travelled 201-500 miles, and 23 percent 

travelled 500 miles or more.  

As shown in the map below, the largest percentage of 2005-2009 NVUM survey respondents who visited a 

national forest in the bio-region came from Washoe County in Nevada (7.2 percent), which includes the Reno 

metropolitan area, as well as the northeast portion of Lake Tahoe. Los Angeles County provided the second 

highest percentage (5.6 percent). Together, the nine counties in the San Francisco Bay Area accounted for a 

large proportion of respondents (17.3 percent). A relatively large percentage of respondents also came from 

Fresno County, Sacramento County, and the central Sierra counties. Eight percent of respondents came from 

states other than California or Nevada. Two percent of respondents were foreign visitors, mostly from Europe. 

The role that the bio-regionôs national forests play in the lives of people living in urban areas and the Central 

Valley is likely to increase. Increasing urbanization in California (California Department of Parks and 

Recreation 2009) and across the country in general (USFS 2012f) may result in a growing number of visitors 

originating from urban areas, trying to escape the stresses of city living and also choosing closer, more 

affordable locations for their vacations (California Department of Parks and Recreation 2009).  This trend may 

also result in an increase in recreation activities associated with urban visitors, including backcountry activities 

and snow skiing (USFS 2012f). Californiaôs Central Valley population is expected to see major growth, but 

contains only 4 percent of the stateôs protected lands (California Department of Parks and Recreation 2009). As 

a result, California State Parks has identified this region as an underserved region for parks, recreation facilities, 

programs, and services (California Department of Parks and Recreation 2009). Growing populations in the 

Central Valley may look to Sierra Nevada national forests to meet their outdoor recreation needs.  
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Origin of 2005-2009 NVUM survey respondents to national forests in the bio-region
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According to Roberts et al. (2009):  

No demographic trend is of greater importance to national forest managers and leaders than the 

immense growth of cultural diversity. California is home to more than one-third of the entire U.S. 

Asian American population and about 30 percent of all U.S. Latinos and Native Hawaiians or 

Pacific Islanders. 

Increases in culturally diverse populations will likely be reflected in recreation in the Sierra Nevada 

forests (Winter et al. 2013b). Roberts et al. (2009) provide insight into the outdoor recreation styles and 

participation patterns of Latinos and Asian Americans, the two groups whose growth is expected to have 

the most influence in the future. They have found that at federal sites, Californiaôs Latino population: 

prefer to recreate in large groups at forested sites with amenities that support day-long activities; are 

interested in experiences with a strong social component; are looking for stress relief and a good family 

experience; and enjoy picnicking, day hiking, camping, and family gatherings. Based on studies of Asian 

Americans in the San Francisco Bay area, they found that Asian Americans: enjoy going to the park or 

beach, walking/hiking on trails, picnicking, and driving for pleasure; and are looking for beautiful 

scenery, to interact closely with nature, and for opportunities to be with family.  In general, Roberts et al. 

(2009) found that public open spaces offer a place for many immigrants to recreate and relax, help 

maintain cultural traditions, and connect with other immigrants for mutual support and information 

sharing.  

However, as described in Roberts et al. (2009) 

More than 45 years of research continues to show that people from culturally diverse backgrounds 

are not using the national forests and other public lands in numbers representative of the 

populations within the market areas. Not all people feel comfortable and safe, have access, 

maintain strong and positive ties, or have knowledge about these natural areas and what to do on 

them. 

Language may be a barrier for some groups. Forty-three percent of Californians speak a language other 

than English, and 20 percent speak English less than ñvery wellò (Headwaters Economics 2012a). The 

national 2010 Resources Planning Act Assessment (USFS 2012f) found that people are more likely to 

participate in most types of recreation activities if they are male, non-Hispanic White, young to middle-

aged, college educated, and earn a higher level of income. According to 2005-2009 NVUM data, 84 

percent of visitors to national forests in the bio-region were White, and eight percent of visitors were 

Hispanic or Latino (of any race). While the local Sierra Nevada population is less racially and ethnically 

diverse than the rest of the state (Sierra Nevada Conservancy 2011b), many visitors to the bio-regionôs 

national forests are not local, as shown in the map above. In the counties that contribute to the bio-region, 

which include Central Valley cities outside of the bio-region such as Fresno and Bakersfield, just over 70 

percent of the population is White and 32 percent is Hispanic or Latino. In California, just over 60 percent 

of the population is White and 37 percent is Hispanic or Latino (Headwaters Economics 2012a). 

According to Winter et al. (2013b, p.7), ñservices offered through existing communication and 

information approaches and more direct opportunities, such as those represented in recreation and 
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tourism, might be a poor fit to these populations that are increasing in the region and surrounding areas.ò 

Through programs like the Central California Consortium, the Forest Service continues to look for ways 

to engage with youth and underserved communities on natural resource issues, and to encourage them to 

use public lands.  In addition, the report ñServing Culturally Diverse Visitors to Forests in California: A 

Resource Guideò by Roberts et al. (2009) is the first of its kind in the Forest Service and has a multitude 

of ideas and materials for use and implementation by managers as well as staff who work in the field. The 

Forest Service also continues to work with internal and external scientists to better understand ethnically 

diverse groups and their relationship to National Forest System lands.  

Connections to the Land 

Most Americans have come to know their national forests and grasslands by participating in recreation 

activities (USFS 2010a). Outdoor recreation provides the opportunity to unplug from our busy lives, 

recharge our souls and live healthier lifestyles (Outdoor Industry Association et al. 2012). Connection to 

the natural environment plays an important role in contributing to community attachment and wellbeing, 

especially in communities where public lands dominate the landscape (Brehm et al. 2004). Positive and 

meaningful outdoor recreation experiences offer an important way for people to develop connections to 

natural spaces and a foundation for stewardship that further protects the physical environment and 

contributes to community resilience (Winter et al. 2013a). National forests in the bio-region foster these 

connections by managing for recreation settings, opportunities, and access, and scenic character.   

Recreation Settings 

Recreation settings are the social, managerial, and physical attributes of a place that, when combined, 

provide a distinct set of recreation opportunities. The Forest Service uses the Recreation Opportunity 

Spectrum (ROS) to define recreation settings and categorize them into six distinct classes: primitive, 

semi-primitive non-motorized, semi-primitive motorized, roaded natural, rural, and urban (36 CFR 

219.19). These six classes are described below. The ROS system was originally developed to support the 

planning direction under the 1982 planning rule. Final forest plans will have an accompanying ROS layer 

that emerges from the integrated planning process, spatially depicting broad sustainable recreation 

outcomes. 

¶ 15 percent primitive: Opportunity for isolation from human-made sights, sounds, and management 

controls in an unmodified natural environment. Only facilities essential for resource protection are 

available. A high degree of challenge and risk are present. Visitors use outdoor skills and have 

minimal contact with other users or groups. Motorized use is prohibited. 

¶ 11 percent semi-primitive non-motorized: Some opportunity for isolation from human-made sights, 

sounds, and management controls in a predominantly unmodified environment. Opportunity to have a 

high degree of interaction with the natural environment, a moderate degree of challenge and risk, and 

to use outdoor skills. Concentration of visitors is low, but evidence of users is often present. On-site 

managerial controls are subtle. Facilities are provided for resource protection and the safety of users. 

Motorized use is prohibited. 

¶ 7 percent semi-primitive motorized: Some opportunity for isolation from human-made sights, 

sounds, and management controls in a predominantly unmodified environment. Opportunity to have a 
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high degree of interaction with the natural environment, a moderate degree of challenge and risk, and 

to use outdoor skills. Concentration of visitors is low, but evidence of other area users is present. On-

site managerial controls are subtle. Facilities are provided for resource protection and the safety of 

users. Motorized use is permitted. 

¶ 60 percent roaded natural: Mostly equal opportunities to affiliate with other groups or be isolated 

from sights and sounds of humans. The landscape is generally natural with modifications moderately 

evident. Concentration of users is low to moderate, but facilities for group activities may be present. 

Challenge and risk opportunities are generally not important in this class. Opportunities for both 

motorized and non-motorized activities are present. Construction standards and facility design 

incorporate conventional motorized uses. 

¶ 6 percent rural: Characterized by a substantially modified natural environment. Opportunities to 

affiliate with others are prevalent. The convenience of recreation sites and opportunities are more 

important than a natural landscape or setting. Sights and sounds of humans are readily evident, and 

the concentration of users is often moderate to high. Developed sites, roads, and trails are designed 

for moderate to high uses. 

¶ Less than 1 percent urban: Characterized by a substantially urbanized environment, although the 

background may have natural-appealing elements. High levels of human activity and concentrated 

development, including recreation opportunities are prevalent. Developed sites, roads and other 

recreation opportunities are designed for high use.  

Recreation Facility Analysis 

Starting in 2007, Recreation Facility Analyses (RFAs) were conducted nation-wide to address growing 

concern about the agencyôs ability to maintain recreation sites to meet the needs of the public. The goal 

was to align management of recreation sites and facilities with the forestôs niche and economic capability. 

Since 2007, national forest recreation programs throughout the country have been guided by program 

niche statements and complementary niche settings developed through the RFA process. Niche statements 

and taglines broadly define the scope of a national forestôs recreation program and highlight those aspects 

that are distinctive. The ten national forests in the bio-region have the following recreation niche taglines: 

Modoc    Open Spaces ï Historic Places 

Lassen   Your Crossroads to Discovery 

Plumas    It's All about Water and Room to Breathe 

Tahoe   The Challenge of the Sierras 

Eldorado   Golden Nugget of the Sierra - Discover and Enjoy 

Lake Tahoe Basin Jewel of the Sierra 

Stanislaus  Destination Central Sierra 

Sierra   The Heart of the Real Sierra 

Sequoia   Giant Sequoia and Whitewater 

Inyo   Inspiring Destinations   

Niche settings represent broad geographic areas that provide a contiguous backdrop for particular 

opportunities and activities. People recognize and often have personal and emotional connections to these 

places on the landscape. There are approximately 66 types of niche settings that have been identified 
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among the ten national forests in the bio-region, which will be further considered in forest level 

assessments. Some examples of niche settings include scenic routes, river corridors, wildlands, developed 

destinations, lakes recreation, backcountry, and high country. The character of these niche settings ranges 

from areas with little human intervention to areas with high concentrations of human activities. 

The ROS classes described above are considered a finer-scale subdivision of these broad niche settings, 

with each niche setting having a mix of ROS classes. However, niche settings from the RFA process have 

not yet been integrated with the ROS classification system.  

Recreation Opportunities  

A recreation opportunity is an opportunity to participate in a specific recreation activity in a particular 

recreation setting to enjoy desired recreation experiences and other benefits that accrue. Recreation 

opportunities include non-motorized, motorized, developed, and dispersed recreation on land, water, and 

in the air (36 CFR 219.19).  

Each national forest aims to provide a set of outdoor recreation activities consistent with the forest niche 

and the ROS class in which the activities are located. The opportunities may be provided by the Forest 

Service directly, or under a special use permit. 

According to 2005-2009 NVUM data, the most popular activity in the bio-region is viewing natural 

features.  This is followed by downhill skiing, hiking/walking, relaxing, and viewing wildlife. So far, 

2010-2014 NVUM data, which do not yet include results for the Sierra, Stanislaus, and Eldorado National 

Forests, indicate that these activities are likely going to remain the five most popular activities, though not 

necessarily in the same order. 

Visitor satisfaction from 2005-2009 NVUM data provides some sense of peopleôs ability to connect to the 

land through the quality of their experiences. The majority of visitors to the bio-regionôs national forests 

were satisfied with the elements most important to them for undeveloped areas, day-use developed sites 

and overnight-use developed sites. Some areas where visitors expressed dissatisfaction were signs in 

overnight-use developed sites, crowding in all three categories, lack of parking and condition of parking 

in day-use developed sites, and restroom cleanliness in day-use developed sites and undeveloped areas. 

With the wide range of recreation styles and interests that continue to change, it is no surprise that 

recreation user conflicts sometimes occur. A stable public land base, a declining private natural land base, 

and increasing numbers of outdoor recreation enthusiasts may result in increased user conflicts and 

declines in the quality and number of available recreation acres per person, especially on public lands 

near large and growing population centers (USFS 2012f). In addition, stressors like climate change may 

exacerbate competition among uses. For example, climate change will continue to impact water flow and 

timing in the Sierra Nevada, affecting the availability of water-based recreation activities and tourism 

(Winter et al. 2013a). In California, activities like off-highway vehicle recreation, mountain biking, 

boating and adventure recreation have increased dramatically in recent years. At the same time, 

population growth, urbanization, and alternative energy production compete for suitable lands (California 

Department of Forestry and Fire Protection 2010). The California Department of Parks and Recreation 

(2002) emphasizes the importance of good trail design, construction, and maintenance in accommodating 
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higher numbers and multiple uses, while also recognizing that because of the stateôs finite resources, 

increased sharing of resources will be necessary, inevitably creating some friction among diverse user 

groups.  National forests in the bio-region continue to struggle to meet public demand for recreation, 

carrying an inventory of recreation opportunities beyond the capability to maintain them. At the same 

time, reducing or limiting access to recreation on public lands by closing roads, campgrounds, RV 

parking, and trails can negatively impact surrounding communities (Hurniston 2010). 

The specific mix of outdoor recreation activities and their level of popularity with the public will continue 

to change over time, influencing forest lands and management decisions (Cordell 2012). This is especially 

true in California, where shifting demographics are expected to change recreation demands on National 

Forest System (NFS) lands and may impact visitor satisfaction. The prominence of Latino and Asian 

values and vision is expected to increase as these two cultural groups increase in size and influence 

(Roberts et al. 2009). For example, research indicates that many ethnically diverse groups prefer more 

developed sites that have picnic tables, grills, trash cans, and flush toilets (Roberts et al. 2009). 

Wildfire and forest pests threaten large acreages of landscapes in the Sierra Nevada that have recreation 

value (California Department of Forestry and Fire Protection 2010). Scientific findings seem to point to 

more impact from fire on the recreation visitor experience than anticipated by managers (see Bricker et al. 

2008, as cited in Winter et al. 2013c). Winter et al. (2013c) describe how some studies found long term 

effects of visitation (Englin et al. 2008), while others found minimal impact on visitor experience (Thapa 

et al. 2008, Winter and Knap 2008). Variable effects were also found depending on fire intensity and 

recreation activity (Loomis et al. 2001). Safety and health concerns, when great enough, were found to 

cause people to change travel plans (Thapa et al. 2008, Winter and Knap 2008). 

NVUM visitor satisfaction data provide useful information about people who are already using the forest.  

It does not, however, provide insight into those people who do not use national forests and their level of 

connectedness with nature. Current forest management may unintentionally create barriers to use and 

enjoyment (e.g. language and lack of information) by the growing population of ethnic minorities in 

California and the country as a whole (Roberts et al. 2009). Americans, especially those who live in urban 

areas, are becoming more disconnected from the outdoors, weakening the commitment to stewardship of 

our shared natural legacy (Council on Environmental Quality et al. 2011). Children today spend less than 

half as much time outside as their parents did, and are ñplugged inò to electronic devices for more than 

seven hours a day (Council on Environmental Quality et al. 2011). An emotional affinity toward nature is 

linked to the willingness of people to protect the environment, and positive emotional experiences with 

nature play an important role in developing that affinity, especially if they share those experiences with 

significant others (M¿ller et al. 2009). In addition, a positive connection to nature develops earlier in life 

and remains a stable trait throughout adulthood (Berk 2006). Comparing Round 2 (2005-2009) and Round 

3 (2010-2014) NVUM data for the seven bio-regional forests where data collection is complete shows 

that visitation by people 19 years of age and under has decreased from 20.3 percent to 17.7 percent.   

Special uses are commercial and non-commercial uses of NFS lands that are not already authorized by 

current regulations. They are authorized by permit, which are generally not required for non-commercial 

recreation uses. Special uses are a critical part of the Forest Serviceôs recreation program, supporting the 

current level of facilities and programs that are currently available to the public on NFS lands. A majority 
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of the commercial recreation special uses represent public and private partnerships. These recreation 

opportunities are made possible largely through private investment in facilities and infrastructure.  

The Forest Service Pacific Southwest Region administers the largest special uses program of all Forest 

Service regions. There are over 15,000 special uses authorized, 8,000 of which are recreation-related. 

Over half of all these recreation special uses are located in the Sierra Nevada bio-region. The types of 

recreation special uses provided in this bio-region include a diverse range of opportunities both winter 

and summer. By far, recreation residences account for the greatest number of special use permits. 

Recreation residences are private cabins for non-commercial use. Many of these cabins are historical and 

have passed through generations of families for their use and enjoyment. The second most common 

permit in the bio-region is outfitting and guiding. Over 300 permits are currently issued for outfitting and 

guiding, although the actual number varies year to year. Outfitters and guides provide recreational 

opportunities and services to meet the needs of people who lack the skills, knowledge, equipment, or 

abilities related to a specific outdoor recreation pursuit. Outfitters assist the agency and the public by 

promoting responsible use, conservation, and stewardship of forest lands, including designated 

wilderness. Outfitting and guiding activities include, but are not limited to mountain climbing, hunting, 

educational courses, river trips, shuttle services, skiing, jeep tours, fishing, and hiking. These services 

may be conducted by both for-profit and non-profit entities. 

Because recreation experiences are often provided by commercial service providers, their supply and 

delivery is subject to the variation and demand of the market and the economy. The Forest Service strives 

to help these service providers be successful by requiring sound business plans and determinations of 

financial and technical ability during permit issuance and as needed. Although the relative amount and 

type of recreation special uses provided is partly based on demand, it is also a function of the agencyôs 

need for these services and the ability to provide them in the context of administrative capacity, as well as 

the social and resource capacity on the ground. The condition of special use facilities varies depending on 

the type, location, and capacity of the entity operating and maintaining the site. The number of forest 

visitors who participate in recreation special use activities varies considerably by type of use and location. 

Population growth and increasing demand for outdoor recreation opportunities, together with declining 

federal budgets and agency efforts to partner with recreation providers, are expected to result in 

increasing use of special use permits to deliver recreation services to the public. 

Recreation Access 

National forests in the bio-region provide summer and winter access for outdoor-based recreation 

opportunities and popular destinations through a system of roads and trails. Modes of access include non-

motorized, motorized, mechanized, and equestrian.  

According to 2011 data, there are over 9,700 miles of NFS trails in the bio-region, about 60 percent of the 

total on the national forests in California. About four percent of trails in the bio-region are minimally 

developed, 32 percent are moderately developed, 50 percent are developed, 12 percent are highly or fully 

developed, and two percent are not specified. Twenty-five percent of trails are in wilderness areas. NFS 

trails are managed and maintained to provide a high-quality recreation experience while protecting natural 

resources. Trails are one of the most valued resources on national forests and critical to providing a 
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diversity of recreational access and opportunities to our visitors. However, decreasing federal budgets and 

increasing recreation demand is expected to challenge trail management and maintenance in the future.  

The distribution and availability of the trail system on each forest changes dramatically when snow covers 

the landscape. Within the bio-region, many of the trails open in the spring, summer and fall are not 

available during the winter months. During the winter, many miles of snow-covered road transition and 

are available as groomed or ungroomed snow trails. There are approximately 1,700 miles of snow trails 

available for Nordic activities, including cross-country skiing and snowmobiling. All of the national 

forests within the bio-region have snow trails. In addition, there are approximately 34 winter trail heads 

available for access to non-motorized and motorized winter recreation activities. Of these, 18 serve a dual 

role as a ñsno-parkò.  Sno-parks are administered by California State Parks Off-Highway Motor Vehicle 

Recreation (OHMVR) Division in conjunction with the Forest Service and the California Department of 

Transportation. This collaboration provides sites in the Sierra Nevada where visitors have access to 

plowed winter parking and for snow play, cross-country skiing, snowmobiling and other Nordic activities. 

Motorized and non-motorized trail recreation opportunities in and near the bio-region are also offered 

through the California Department of Parks and Recreation, Bureau of Land Management, Bureau of 

Reclamation, and the county parks.   

Each forest in the bio-region has made a motorized travel management decision to implement the 

provisions of the 2005 Travel Management Rule (36 CFR 212, Subpart B). These decisions prohibit 

motor vehicle travel off designated National Forest Transportation System (NFTS) roads and motorized 

trails by the public except as allowed by permit or other authorization (excluding snowmobile use). The 

forests added unauthorized routes to the NFTS, made changes to existing NFTS roads including season of 

use and vehicle class changes, and identified road openings and closures.  This effort was needed to help 

prohibit cross-country travel by motor vehicles and stem the tide of natural resource degradation to 

improve the ecological health of the forests.  

However, managing and maintaining the NFTS to agency standard remains a challenge. As a result of 

population growth, increasing recreation demand, shifting priorities, declining budgets, and staffing 

issues, a large percentage of the NFTS is at risk of falling into disrepair in the future (Juarez et al. 2013). 

The agency currently relies heavily on partners to help keep trails maintained, and the role of partners 

may expand in the future given these trends. Between 2004 and 2009, the agency received $38.5 million 

from the California State Parks Off-Highway Motor Recreation Divisionôs Grant Program for trail and 

facility maintenance, conservation, law enforcement, restoration, planning, and route inventory and 

designation activities (OHMVR 2011). 

During the next phase of travel management (36 CFR 212, Subpart A), each forest will complete a travel 

analysis process for system roads. The resulting recommendations will bring the forest closer to defining 

needed versus unneeded roads, with the goal of establishing the recommended minimum road system. 

Since Subpart A does not result in a decision, it is not subject to NEPA regulation.  

Scenic Character 

The places people go to recreate on national forest lands have important social meaning that relate to or 

depend on scenery (Mattson and Mosier 2012). People form varied and complex relationships with 
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specific places that often hold emotional, symbolic, and spiritual meanings (Kruger et al. 2008). As 

described in Winter et al. (2013b), attachment to place can be deeply connected to a personôs sense of self 

or a group identity, which can lead to management actions being viewed as personal attacks or 

discrimination against certain groups. Native Americans have a deep sense of place meaning and 

attachment to areas in national forests that have been traditionally used by their people, and gathering and 

recreation activities continue to tie them to these special places (McAvoy et al. 2004).    

Though differences vary across regions and cultures, people who visit national forests tend to have a 

mutually shared expectation regarding the scenery (USFS 1995). A combination of physical, biological, 

and cultural images gives an area its positive scenic identity and contributes to sense of place (Juarez et 

al. 2013). Scenic integrity measures the degree to which a landscape is free from visible disturbances that 

detract from the natural or socially valued appearance, including any visible disturbances due to human 

activities or extreme natural events outside of the historic range of variability. Based on existing visual 

condition surveys from forest plan environmental impact statements dated 1988-1992, 81 percent of 

recreation settings were estimated to have a high scenic integrity level, meaning no disturbance or 

unnoticed disturbance. Fourteen percent of recreation settings had minor disturbances visible, and five 

percent had more severe disturbances. This provides some sense of scenery conditions across forests in 

the bio-region and their ability to contribute to the important relationships that individuals and 

communities have with places on forests, and to attract newcomers as well. People also make connections 

to particular places for reasons unrelated to scenery.  

While scenery may appear visibly undisturbed, the sustainability of scenic attributes over the long term is 

dependent on ecological integrity (Mattson and Mosier 2012). However, no estimates are available at the 

bio-regional scale to gauge the ecological sustainability of valued scenic character attributes, known as 

ñscenic stabilityò. Overall, the foothill, montane, and to a lesser degree upper montane landscapes are 

outside the natural range of variability in most locations (Safford et al. 2013). Vegetation is more uniform 

and dense, there are more young trees than old, and fires occur in larger high severity patches. Dense 

stands are less resilient to large, high severity fire and insect and pathogen outbreaks, making these 

landscapes more susceptible to dramatic changes in a short period of time with long recovery periods. As 

population growth and urbanization continue, particularly along the Sierra Nevada foothills, demand for 

energy and communication infrastructure is expected to increase, which could result in a loss of scenery 

in the bio-region, and impacts to recreation experiences and sense of place (Juarez et al. 2013).  

Conservation Education and Interpretive Services 

Forest Service conservation education and interpretive services programs are important vehicles for 

connecting people to and educating them about their national forests. Because of the shift that has 

occurred in the country from a mostly rural society to a mostly urban society, the conservation education 

program has shifted its focus over the years (Juarez et al. 2013). The conservation education program 

emphasizes and is expected to continue to emphasize programs for minority youth and families living in 

urban communities and connecting them to nature and our national forests. The interpretive services 

program objective is to create intellectual and emotional connections between people and their natural and 

cultural heritage, thereby instilling respect and appreciation for Americaôs public lands and fostering their 

protection and stewardship (Juarez et al. 2013). The interpretive services program is a key provider of 
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interpretive products, such as media and presentations to aid understanding and appreciation of natural 

and cultural resources and land management issues. The interpretive services program enhances the 

publicôs recreational experience, fosters commitment to wise use and conservation of the resources, and 

develops informed participation in public land management.  The operating hours and overall number of 

visitor centers on the national forests in California have decreased. Both the conservation education and 

interpretive service programs are working more with partners to help deliver programs.  

Congressionally Designated Areas 

One way that Congress has provided long term protection of unique recreational experiences, among a 

host of other social, economic, and ecological values, is through the designation of areas that have 

specific management requirements. The Pacific Crest National Scenic Trail, designated wild and scenic 

rivers, and designated wilderness are three such areas that play a significant role in contributing to 

recreation across the Sierra Nevada bio-region. The information below comes from Boston et al. 2013.   

The Pacific Crest National Scenic Trail (PCT) is one of 11 national scenic trails and it is considered one 

of the most remote long distance trails with over 46 percent of its path in designated wilderness.  

Beginning in southern California at the Mexican border, the PCT travels a total distance of 2,650 miles 

through California, Oregon, and Washington until reaching the Canadian border.  First conceived in the 

1930s, the trail traverses the highest elevations of the Sierra and Cascade mountain ranges and was 

designed to include portions of the historic John Muir and Skyline Trails.  When the PCT was established, 

the nature and purpose was to provide high quality scenic, primitive hiking and horseback riding 

opportunities and to conserve natural, historic, and cultural resources along the corridor. Since the PCT is 

within two hours travel time from the metropolitan centers of San Diego, Sacramento, Portland, and 

Seattle, there is a high demand for day and weekend use. Permits for travel more than 500 miles have 

increased significantly in the last decade, the highest issued being 1,497 in 2012.  Additional management 

threats include wildland fire, scenic corridor impacts from renewable energy development, and motorized 

trespass.   

The National Wild and Scenic Rivers System (NWSRS) was created to preserve certain rivers with 

outstanding natural, cultural, and recreational values in a free-flowing condition for the enjoyment of 

present and future generations. Eight rivers designated as wild and scenic, totaling 345.4 river miles, are 

within the Sierra Nevada bio-region.  Each river is administered to protect and enhance the free flow, 

water quality, and the specific outstandingly remarkable values that caused it to be designated. 

Designation also provides guidance to effect a voluntary protection strategy for all lands in the river 

corridor. Wild and scenic rivers allow existing uses of rivers to continue where they do not conflict with 

river protection. River values are protected: 1)  through the assessment of hydroelectric facilities or water 

resource development projects within the designated reach; 2) through the protection and enhancement of 

water quality and outstandingly remarkable values; and 3) through the promotion of economic 

development, tourism, or recreational use, as appropriate. Based on current limited studies, indications are 

that property values remain stable or increase on designated rivers. This is often tied to the protection and 

enhancement of scenery, other aesthetic values and water quality. From 2012 reporting, of the eight rivers 

in the bio-region only three meet statutory requirements. These are the Kern, Merced, and Tuolumne 

Rivers. Five of the rivers in the bio-region, Cottonwood Creek, Owens River Headwaters, Feather, Kings 
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and North Fork American Rivers do not currently meet statutory requirements.  For more details, see 

Boston et al. 2013. A more detailed assessment of each river will occur in the forest level assessments.  

There are 467 additional miles of recommended wild and scenic rivers in the bio-region. 

In the Sierra Nevada bio-region there are approximately 4.7 million acres of designated wilderness. 

Nearly half of the land base in the Sierra Nevada is designated wilderness. The majority (2,608,606 acres) 

is managed by the Forest Service. Management of existing Forest Service wilderness areas is guided by a 

combination of legislation, regulation, Forest Service policy (FSM 2320), and forest plan direction. Some 

wilderness areas also have specific wilderness management plans or strategies. The Forest Service has 

full management responsibility for 27 wilderness areas in the bio-region and shares responsibility for 

three others.  

There have been 12 bills passed by Congress designating lands in the Sierra Nevada as wilderness, 

starting with the original bill in 1964 which initially designated over 600,000 acres. Subsequent bills 

added acreage and the additions are shown in the graph below. The wilderness system has increased from 

657,748 acres in 1964, to 2,670,234 acres after the most recent wilderness bill passed in 2009.  These 

lands are mostly in the high elevation ecological zones.  
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The following show the representation of lands by ecological type, with four percent of the land in lower 

elevation zones (foothill and sagebrush/pinyon) and nearly 80 percent of the land in the higher elevation 

zones (upper montane, subalpine and alpine).  
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Ecological Zone        Number            Percentage of Total Acres 

Sagebrush/Pinyon-Juniper 41,779 2% 

Foothill 45,819 2% 

Montane 475,133 18% 

Subalpine/Alpine 785,376 30% 

Upper Montane 1,260,499 48% 

TOTAL 2,608,606 

Thirteen of the wilderness areas in the Sierra Nevada bio-region are contiguous.  When the Tioga Road 

through Yosemite National Park is closed during the winter months, there are close to three million acres 

of contiguous wilderness.  This is the second largest contiguous block of wilderness in the continental 

United States.  Many management issues cross administrative boundaries and therefore are often 

coordinated with an interdisciplinary and interagency approach.  The central Sierra Nevada wildernesses 

have a long history of coordination to ensure consistent approaches, and in some cases, consistent 

regulations.  Such issues include black bear management, non-native invasive species, grazing, 

meadow/fen/spring management, air quality, research activities, and visitor use.  

Economic Opportunities for Communities 

California has historically provided recreational opportunities to many, many people, and the intensity of 

this use is expected to go up.  This is a result of population increases in the state, as well as recent 

softening of the national economy and the volatility of gasoline prices, causing Californians to vacation 

closer to home.  A 2009 study shows that adventure and high risk activities, like mountain biking, rock 

climbing, and wilderness backpacking, will be increasingly important uses of recreational areas in 

California.  The same holds true for motorized trail biking and other motorized recreation which offer 

high risk adventure that will continue to be of interest to visitors (State of California Resources Agency 

2009). 

Visits to the bio-region for all types of recreating experience, including site-seeing, camping, hiking, 

hunting, fishing, motorized activities and adventure sports, play a key role in stimulating local 

employment by providing opportunities and goods and services for these recreation activities. Local 

communities benefit economically from these visitors who spend money in hotels, restaurants, ski resorts, 

and gift shops.  As a result, this travel and tourism helps to sustain local economies for communities near 

these abundant recreational areas.  This is especially true in the southern portion of the bio-region where 

the Sequoia, Inyo, and Sierra National Forests account for 45 percent of all recreation visitor days on 

National Forest System lands in the Sierra Nevada.  Together with the nearby national parks, this portion 

of the Sierra Nevada probably has one of the highest recreation activity levels in the world (USFS 2012c). 
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Given the amount and variety of recreational opportunities in the bio-region, it is not surprising that jobs 

in travel and tourism make up a high percentage of all employment in many communities and particularly 

in the central and southern areas (Lin and Metcalfe 2013).  A study estimating the percentage of total 

county employment and earnings generated by visitor spending found that visitation is especially 

important to economies in Mariposa County (where visitor spending accounts for 52 percent of all county 

employment and 33.4 percent of all county earnings), Mono County (48.6 percent of employment and 

32.2 percent of earnings), Inyo County (23.5 percent of employment and 11.5 percent of earnings), and 

Sierra County (22.7 percent of employment and 13.0 percent of earnings) (Dean Runyan and Associates 

2012).  While recreational jobs provide an important source of earnings in some communities in the bio-

region, they are typically lower paying jobs than other traditional forest-based activities such as timber, 

mining and agriculture.  The 2011 average annual wage for travel and tourism industries was $17,892, 

which is much lower than the bio-regional average wage of $42,776 (U.S. Department of Labor 2012).  

Nonetheless, communities are economically dependent on the quantity and quality of national forest 

recreational opportunities and opportunities on other public lands in the bio-region.  More details on the 

importance of all forest activities to the economies of local communities are found under the Community 

Resilience theme. 

In addition to the economic contribution of visitor spending to supporting jobs in these communities, 

counties in the bio-region receive revenue from the sales tax collected on visitor spending, and this money 

supports critical county services.  This includes the sales tax collected on all of the spending on goods and 

services while travelers are visiting an area, and it shows that visitors generate a large percentage of these 

important local government revenues in Mariposa County (where visitor spending accounts for 61.4 

percent of all sales tax revenue collected in the county), Mono County (57.9 percent), Alpine County 

(33.3 percent), Sierra County (29.9 percent), Plumas County (24.9 percent) and Inyo County (20.8 

percent) (Dean Runyan and Associates 2012).  While national forests do contribute to travel and tourism 

in the bio-region and therefore forest visitors can influence this revenue, there are other recreational 

opportunities that drive this tourism, such as the national parks, and therefore all this revenue cannot only 

be attributed to visitors to the national forests. 

Demand is going up for the Forest Service and other land management agencies to provide more and 

higher quality recreational opportunities in the bio-region.  At the same time, Forest Service budgets are 

decreasing and fewer resources are available to maintain and operate existing recreational facilities, 

develop new opportunities or provide management of dispersed recreation.  Any decrease in the quality of 

the recreational experience in the bio-region, or an inability to meet the needs of visitors, could result in 

them going elsewhere to recreate (Juarez et al. 2013).  As discussed above, many local communities in the 

bio-region are dependent on the visitation that results from recreational activities on the forests, and 

therefore, a declining Forest Service budget to maintain the quality of existing facilities and to create the 

new opportunities that visitors to the bio-region are looking for threatens the economy and therefore the 

quality of life in these communities (Lin and Metcalfe 2013).  

In 2006, the Forest Service undertook the Recreation Facility Analysis (RFA), to identify national forest 

recreation site priorities and establish annual programs of work to reduce a mounting deferred 

maintenance backlog that negatively affects the quality of the recreational experience.  At the time, that 

backlog stood at $49 million for national forests in the bio-region. During this same period, a small 

infusion of funding through the American Recovery and Reinvestment Act of 2009 and fees collected 
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from the Land and Water Conservation Fund Act were used to do some recreation site improvement. 

These projects largely focused on addressing visitor satisfaction comments from National Visitor Use 

Monitoring (NVUM) surveys. Although there were improvements on specific sites, there was not enough 

funding to substantially reduce the backlog (Juarez et al. 2013). 

It is also important to note that visitor satisfaction and reliable, safe access to recreational opportunities 

are dependent on a well maintained and functioning forest transportation infrastructure. Therefore, the 

amount of deferred maintenance for the transportation infrastructure in the bio-region is another financial 

consideration affecting the quantity and quality of recreational opportunities. For example, deferred 

maintenance on roads is considerable on the Tahoe, Sierra and Inyo National Forests where there is an 

estimated backlog of $129 million, $102 million and $29 million respectively (USFS-TNF 2009, USFS-

SNF 2009, USFS-INF 2009). 

Communities that depend on visitor income to support their economy are also dependent on the Forest 

Service maintaining a high quality of recreational experience so that people continue to visit.  In the face 

of declining federal budgets and the significant deferred maintenance backlog, there are new and different 

opportunities for communities to partner with the agency to fund and maintain facilities and create new 

recreational experiences.   These include community-based stewardship, volunteerism and special uses.  

Such partnerships can help to provide the types of recreational opportunities desired where current Forest 

Service budgets alone would not be enough to develop the opportunities the public wants (Juarez et al. 

2013). 

Community-based stewardship and public land volunteerism is on the rise nationally.  New organizations 

and communication tools are helping to increase involvement from new and different groups.  In addition, 

amenity migration of retired people into foothill and mountain communities provides an opportunity to 

expand the volunteer and partnership workforce.  These volunteers are crucial because they get work done 

on national forest projects that the agency lacks the resources to accomplish. The 2012 Volunteers and 

Partners Accomplishment Report for the Pacific Southwest Region showed around 465,000 accumulated 

volunteer hours overall, with approximately 70 percent of the hours within the recreation management 

functional area.  At $21.79 per hour, the appraised value for recreation management was estimated to be 

more than $7 million, a significant contribution to the sustainability of recreation and tourism in the bio-

region. The Forest Service can find high-quality volunteer experiences for visitors to national forests and 

achieve recreation management goals that may not be possible given budget limitations (Juarez et al. 

2013, Winter 2013). 

Special uses are another way that that the Forest Service may be able to meet increased demand for 

recreational opportunities.  There are about 900 possible types of special uses in the national forests, and 

about 100 are related to recreation. Special uses within the bio-region provide recreation opportunities 

and access to the National Forests to a variety of people. A majority of the commercial recreation special 

uses in the bio-region represent public and private partnerships.  These recreation opportunities are made 

possible largely through private investment in facilities and infrastructure where agency appropriated 

dollars would be insufficient to provide the desired level of service. However, because these opportunities 

are provided by commercial service providers, their supply and delivery is subject to the variation and 

demand of the market and the economy.  
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Special uses within the bio-region also support local economies, as visitors rely on these communities for 

goods and services.  This effect can be are significant as federal revenues to the treasury derived from 

special uses in the region approach $20 million annually, and some of the uses within the bio-region serve 

large numbers of visitors.  For example, ski areas see anywhere from 60,000 to 1.1 million visitors each 

year. Others, such as organizational camps, provide environmental learning and physical activities for 

young people that are critical to establishing healthy lifestyles and habits. 

Uncertainty associated with the economy, as well as environmental concerns surrounding the impacts of 

special use activities limit the ability to forecast the extent expansion of special uses will alleviate issues 

associated with Forest Service budget limitations (Juarez et al. 2013). 

2004 Sierra Nevada Framework 

Recreation management was not one of the key problem areas addressed in the 2004 Framework. 

However, the decision reaffirms that providing recreation opportunities is one of the Forest Service's 

major missions in California, along with providing sustainable, healthy ecosystems.  

The introduction to the 2004 Framework discussed both wilderness and wild and scenic rivers.   The 2004 

Framework stated that wilderness is a unique and vital resource. It retains its primeval character and 

influence, without permanent improvements or human habitation. Natural conditions are protected and 

preserved. Fire is restored as a natural process through managing wildfires for resource management 

objectives. The area generally appears to have been affected primarily by the forces of nature, with the 

imprint of humanityôs work substantially unnoticeable. The Sierra Nevada offers outstanding 

opportunities for solitude, or a primitive and unconfined type of recreation. Human influence does not 

impede or interfere with natural succession in the ecosystems. 

The outstandingly remarkable values for which wild and scenic rivers have been established, are 

candidates for designation, or are under study, are protected and preserved for the benefit and enjoyment 

of present and future generations. Free-flowing conditions of wild and scenic rivers, candidate or study 

rivers, are preserved. Human influence may be evident, but does not interfere with, or impede the natural 

succession of river ecosystems. 

The standards and guidelines call for mitigation of impacts from recreation to protect spotted owl and 

Northern goshawk nest sites, and fisher and marten dens. 

Lands are classified into two types of sensitivity to air quality to protect human health and natural 

resources. Class I lands have more stringent requirements for air quality. Class I lands are on wilderness 

or national park lands over 5,000 acres in size. The other classification is for areas with air pollution 

levels exceeding regulatory guidelines. 

Since the 2004 Framework did not address recreation as one of the key problems, the decision had little 

direction related to this theme and current direction exists in the forest plans.  Original forest plans 

include direction for recreation future conditions, management prescriptions and standard and guidelines. 

Estimates of recreation levels are included and monitoring and evaluation requirements are spelled out. 
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These plans used the Recreation Opportunity Spectrum (ROS) to characterize recreation management; 

and visual quality is measured using visual quality objectives (VQOôs). They addressed a full spectrum of 

recreation from wilderness and wild and scenic rivers, to dispersed, non-motorized, dispersed motorized 

and developed sites. The management prescriptions included direction on where certain recreational uses 

were emphasized, and direction on where other uses are not allowed.  

These original forest plans have not always been amended to be consistent with new information and 

current policy direction. One example is that the Forest Service now measures visual quality with the 

Scenery Management System (SMS) rather than the Visual Quality Objectives (VQO) system. 
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ECOLOGICAL INTEGRITY 

What are we trying to sustain at the bio-regional level?   

1. Biological diversity 

2. Ecosystem resilience 

3. Benefits to people 

The Sierra Nevada bio-region contains a rich diversity of ecosystems. Fifty percent of Californiaôs plant 

species occur here, and 60 percent of Californiaôs animal species live here. While it varies across 

ecosystems in the Sierra Nevada, many landscapes, plants, animals, and fire patterns have been drastically 

altered by human management over the last 150 years.  In this section, the concepts of ecological 

integrity, biodiversity, and ecosystem resilience are defined, and conditions and trends for the most 

important components described. Throughout, the drivers and stressors, in particular climate change, fire, 

and land use, are identified and their impact on ecological integrity described.    

Ecosystems, or the living and non-living components of the living world and how they interact are central 

to the concepts of ecological integrity, biodiversity, and ecosystem resilience.  A pond is an example of an 

ecosystem in simplified form, with insects, plants, frogs and fish as the living components, and water and 

nutrients as the non-living components.  Typically, ecosystems are separated into aquatic, (water-based), 

terrestrial (land-based) and riparian ecosystems (which fall in the interface between land and water). The 

ecological integrity discussion below is separated by these three main ecosystem types.  

Ecological integrity is defined as the degree to which ecosystems are represented and functioning (Safford 

et al. 2012). In more technical terms, the draft 2012 Planning Rule directives define it as:  

The quality or condition of an ecosystem when its dominant ecological characteristics (for 

example composition, structure, function, connectivity, and species composition and diversity) 

occur within the natural range of variation and can withstand and recover from most perturbations 

imposed by natural environmental dynamics or human influence.  

Biodiversity, or the living component, is central to ecological integrity. Most simply, it is the diversity of 

life. More formally, according to the US Congressional Biodiversity Act, HR1268 (1990): 

Biological diversity means the full range of variety and variability within and among living 

organisms and the ecological complexes in which they occur, and encompasses ecosystem or 

community diversity, species diversity, and genetic diversity. 

Characterizing biodiversity is like painting a landscape.  ñBroad-brushò or coarse-filter or fine-filter 

approaches can be used.  The types and distribution of species is fine-filter.  Coarse-filter includes broad 

landscape patterns of vegetation, habitat, carbon cycling, or fire processes.  

Species of conservation concern are identified in the planning rule for individual forest plan revision. For 

this assessment, initial evaluation of potential species was conducted but the final list will be selected by 

the Regional Forester, during individual forest plan revisions. For this assessment, the California Natural 
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Diversity Database listed over 1,000 species that may occur within the bio-region.  To characterize 

coarse-filter habitat and connectivity components of ecological integrity, they included old forest 

associated species, sagebrush habitat, and riparian and aquatic habitats. Other meadow associated species 

are covered very generally. 

Coarse-filter characteristics vary with ecosystem type, aquatic, riparian, and terrestrial. Habitat 

connectivity is covered across all ecosystems. Natural range of variability in vegetation is characterized 

for terrestrial and riparian ecosystems.  Ecosystem sustainability is more likely if ecosystems are within 

the bounds of natural variation (Wiens et al. 2012).  The flow and regulation of water, fire and nutrients 

(especially carbon) through ecosystems, are important characteristics called ñecosystem processes or 

functionsò are key to ecosystem services. The ability of an ecosystem to withstand changes in climate, or 

fire or other natural or man-made drivers and stressors, and still maintain the range of biodiversity and 

functions, is referred to as ñecosystem resilienceò.  The key drivers and stressors that affect all aspects of 

biodiversity and ecological integrity are fire, climate, water development, land management, and human 

population growth.  The relative importance and effect of individual drivers and stressors depends on the 

ecosystem and are discussed in the context of aquatic, terrestrial or riparian ecosystems.  

For each ecosystem, several key ecosystem characteristics were selected based on criteria identified in the 

draft directives: 1) they were measurable; 2) the information is readily available; and 3) they are 

meaningful. For a complete description of the characteristics, what they indicate and additional 

background on available information on them, see Chapter 1 of the Bio-Regional Living Assessment.    

Aquatic Ecosystems 

Aquatic ecosystems (in the water) and riparian based ecosystems (in the water-land interface) are closely 

linked. Water moves between them. Animals move between them such as many insects or frogs. Riparian 

plants are influenced by levels and timing of water in the aquatic ecosystems and aquatic ecosystems are 

affected by shade from riparian plants and nutrients from the leaves that fall into water. These connections 

make it difficult to separate out the ecological integrity of aquatic ecosystems and riparian ecosystems. 

There are unique features of both that differentiate them.  

There are three types of aquatic/riparian ecosystems: lakes or ponds, streams or rivers and seeps or 

springs. Each one of these has water surrounded by vegetation that is dependent on water. With streams or 

rivers, there is a further distinction with those surrounded by meadows and those surrounded by narrow 

strips of shrubs, trees or non-meadow vegetation. Across the bio-region, there has been focused attention 

on the ecological integrity of meadow/aquatic ecosystems. These ecosystems have been especially 

impacted by historic management, including road locations and historic intensive grazing during the 

1800s and early 1900s, often prior to becoming national forests. They are prized for their scenic value for 

recreation, are used for current, more carefully managed grazing, and provide habitat for a large number 

of species, including rare, threatened, and endangered animals and plants.  

The figure below illustrates the linkages between ecological elements of riparian and aquatic ecosystems 

in meadows of the Sierra Nevada bio-region. In the center of the figure, a picture of a wet meadow is 

shown. The foreground has a dense carpet of lush, green sedges and scattered white wildflowers. The 

background shows a low ridge with forest and a snow-covered mountain peak behind it. Surrounding this 
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photo are parts of the biodiversity that occur in the water, in the meadow or both. Clockwise around the 

photograph of the meadow:  on the right there is a picture of a bright yellow-aquatic insect, a mayfly, with 

large wings. It lives in the water for part of its life and in riparian area for part of its life. Below that is a 

picture of a large rainbow trout, over a bed of gravel in a stream. The trout lives in the water but depends 

in part on insects for food, like the mayfly. Below the meadow is a picture of a stream channel. The 

meadow and other riparian vegetation are dependent on subsurface water that feeds the stream but also 

water that floods over the banks of the stream into the meadow at times. When the channel drops down, 

or is ñincisedò it reduces the water source for the meadow and can disrupt habitat for all of the riparian 

species including plants and animals. To the left is a photograph of a small yellow bird, a warbler. These 

birds eat insects that spend part of their life in the water, and use shrubs that grow in the wettest parts of 

meadows for nesting and raising their young. They also use the shrubs to hide from predators.  Above the 

bird is a photograph of a frog. Most frogs start as eggs in water and then move to adjacent riparian areas 

once they grow legs. They depend on food, mainly insects in water, and riparian vegetation. Finally, 

above the picture of the frog is a close-up of sedge and grass plants. These form the basis of the food 

chain for meadow ecosystems. Meadows are comprised of specific grasses and sedges that need water. 

Not only do they provide food for insects or voles or deer, but they also are important in providing soil 

and streambank stability with their dense network of roots.  

 
Ecological integrity of meadows 
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There are many factors that affect the ecological integrity of aquatic and riparian ecosystems. This 

includes history (i.e. European settlement, early grazing and roads), recreational use, fire history, grazing 

system, and especially climate. Since aquatic and riparian ecosystems are so tied to water, fluctuations in 

rain and snow are particularly important to their ecological function. Grazing in meadows is an area 

where there are many different sources of information and viewpoints on how it affects the ecological 

integrity of these ecosystems (e.g. Menke et al. 1996, Long et al. 2013). One reason that this topic is 

contentious is that most of the research and monitoring addresses only one or several ecological 

characteristics such as vegetation and soils, or aquatic insects and water, or frogs and habitat (Purdy et al. 

2012) making comparisons between conflicting research studies difficult.  Very little research has 

provided information on the type of grazing system used (Briske et al. 2011, Long et al. 2013).  The 

Forest Service is also grappling with these issues in its monitoring and assessments.  

Aquatic Biodiversity 

Biodiversity of aquatic ecosystems was characterized by the following: macro-invertebrate (stream-

insect) communities, fish, amphibians, invasive species, and habitat. For habitat, stream temperature, 

water flows, special habitats, and connectivity are included.  

Aquatic Insects ï Base of the Food Chain 

Benthic or bottom-dwelling macro-invertebrates are comprised of a great variety of aquatic insects, 

mollusks, and crustaceans. A typical stream invertebrate community may be comprised of hundreds of 

species.  They form an important part of aquatic and terrestrial food chains. They are important food 

source for fish, amphibians, and riparian birds, bats, and spiders (Nakano and Murakami 2001, Sanzone et 

al. 2003).  Comparisons with ñreferenceò streams that are relatively intact provide a means to evaluate the 

overall condition of stream habitats (Furnish 2013). In a recent assessment of the condition of Californiaôs 

perennial, wadeable streams, Ode (2007) determined that 57 percent of the total stream length in the state 

was in reference or un-degraded condition. Seventy-eight percent were found in reference condition on 

national forest lands in the Sierra Nevada (Furnish 2013). 
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Caddis fly hatch 

The picture above shows a caddis fly ñhatchò which is many caddis flies flying after they emerged from 

the larval stage. They are shown above a river, where the eggs are laid and larva form. A fisherman is 

shown putting a fly, mimicking one of the caddis flies onto his fishing line, getting ready to fish.  There 

are many types of caddis flies and other aquatic insects in the bio-region. They are important food sources 

for fish, frogs, and many birds.  

Fish  

Biodiversity of aquatic and riparian ecosystems in the bio-region is high, supporting 61 fish species and 

37 amphibian species (CDFG 2011).  Forty of these fish are native to the area, and 11 occur only here 

(Moyle et al. 1996, 2011).  Of the 40 native fish species, 20 percent are threatened and endangered, 10 

percent are in danger of extinction in the near future, 30 percent are in long term decline, or have small 

isolated populations, and 20 percent are on a trajectory toward extinction. The remaining 20 percent are of 

concern (Moyle et al. 2011).  These conditions are largely as a consequence of water development and 

non-native fish introduction.  This makes fish vulnerable to climate change. The effects of large severe 

fire are more variable and less certain.  Many fish populations in the Sierra Nevada are restricted to small 

and often isolated remnants of a much larger historical range, making them more vulnerable to impacts.  

These include the Kern brook lamprey, the Kern rainbow trout, the Little Kern golden trout, the 

California golden trout, the Paiute Cutthroat trout, the Lahontan Cutthroat trout, the Owens tui chub, and 

the Central Valley Steelhead (Moyle and Williams 1990, Moyle et al. 1996, Rieman et al. 2003).  

http://pisces.ucdavis.edu/content/lampetra-hubbsi
http://pisces.ucdavis.edu/content/oncorhynchus-mykiss-gilberti
http://pisces.ucdavis.edu/content/oncorhynchus-mykiss-whitei
http://pisces.ucdavis.edu/content/oncorhynchus-mykiss-aguabonita
http://pisces.ucdavis.edu/content/oncorhynchus-mykiss-aguabonita
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Amphibians 

Amphibians (frogs, toads, and salamanders) have experienced a global decline, including in the United 

States (Lannoo 2005). Across the bio-region, there are several amphibians that are of concern including 

the mountain yellow-legged frog, and Sierra Nevada mountain yellow-legged frog, Cascades frog and the 

Yosemite toad.   The Yosemite toad is discussed below in riparian ecosystems.  

Both the Sierran and mountain yellow-legged frogs and the Yosemite toad have disappeared from more 

than half the known historic sites, and the yellow-legged frogs have declined more than 90 percent (USFS 

2011). The Cascades frog has declined dramatically in the southern Cascades (Fellers and Drost 1993). 

The causes of the declines is multiple and is thought to include predation by non-native trout, infection by 

chytrid fungus, and threats from water development, climate change, recreation and livestock (USFWS 

2011). Pesticides have been implicated as potential contributors to the decline, but no direct association 

has been found (Bradford et al. 2011). Because of the multiple factors and lack of integrated research, the 

relative importance of the different factors is unknown (Pope and Long 2013). 

Special Aquatic Habitats 

Cold water springs, hot springs, fens, bogs, vernal pools, marshes, seeps, snowmelt pools, and alkaline or 

caldera lakes provide distinct aquatic habitats. They are areas of high biological diversity occupied by rare 

aquatic and terrestrial animal and plant species. Examples include the insect ñeatingò plants, sundew and 

California pitcher plant, many mosses and caddis flies.  These habitats attract a variety of terrestrial 

animals because they provide a concentrated food and water source. Because special habitats are often 

small and isolated, they are sensitive to local impacts such as water diversions, mining, roads, grazing, 

and recreation. Most special habitats are poorly understood and their condition across the bio-region is not 

available.  

Aquatic Ecosystem Resilience 

Resilience of aquatic ecosystems is the ability to absorb environmental changes or disturbances, and still 

support native biodiversity and ecosystem services.  The response of aquatic ecosystems depends on 

current and historic land uses.  Aquatic ecosystems affected by water development are more sensitive to 

reductions in water or changes in water from climate change. Water development includes dams, 

diversions, and development of springs for human or livestock water sources.  All major rivers in the 

Sierra Nevada are impounded and regulated to some extent, with the exception of the Consumnes River. 

Watersheds where there has been a history of intensive management, from mining or historic, intensive 

livestock grazing that contributed to incised channels are less resilient. Where there have been fewer 

historic changes, the ecosystem is more resilient.  According to the Sierra Nevada Ecosystem Project 

(SNEP) report, aquatic ecosystems are the most altered of all ecosystems in the bio-region (Centers of 

Water and Wildland Resources 1996).   

Habitat Connectivity and Invasive Species 

Dams, diversions, road and trail crossings, and other water development have broken up the continuity of 

rivers and streams throughout the bio-region. This has affected the habitat and life histories of fish and 

other aquatic species through fragmentation, sedimentation and invasive species.  
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In aquatic ecosystems, the continuity of water is essential to habitat for biodiversity.  Fish move up and 

down water courses. Nutrients and food move from the higher watershed down. The timing of breeding, 

growth of young, migration and other life history traits of many species are linked to natural fluctuations 

in water flows. Temperature of water is dependent on the amount and source of water, and has a key 

influence on all aquatic life (Cassie 2006). The dependence of continuity or connectivity is more obvious 

for some plants and animals than others. The life cycle of anadromous fish, which migrate from the 

mountains to the oceans and then return, are obviously affected by physical barriers such as dams or 

diversions. Ninety percent of historic salmon spawning and rearing habitat has been lost because of the 

physical barriers of dams (Moyle et al. 2011).  Other fish, such as rainbow trout, are also affected.  

Insects, plants, birds, mammals, and amphibians living in or near streams or rivers are impacted by 

changes in water flow patterns, water temperature, sediment and other habitat factors changed by water 

development, road or trail crossings and developments in riparian and aquatic habitats (Stanford and 

Hauer 1992, Hawkins et al. 1997, Thomas 2005, Moyle et al. 2011).  

Fish stocking in rivers, streams, reservoirs, and previously fishless lakes have reduced native fish and 

amphibians, for example yellow-legged frogs. Other aquatic invasive species, such as quagga mussel and 

New Zealand mudsnails, have spread throughout California on boats, fishing equipment, and other water 

sports gear (CDFG 2008).  A well-publicized example is the invasion and spread of the Asian clam in 

Lake Tahoe that is threatening the native aquatic ecosystem (Wittman et al. 2012) and has cost a 

substantial amount of money on control efforts. However, there are recreational and economic benefits to 

introduced fish and these are discussed in subsequent sections. 

Most water development is beyond the scope and control of national forest management, falling under 

water rights administered by the State of California, and regulation by the Federal Energy Regulatory 

Commission (FERC).  The Forest Service does participate in the relicensing process for FERC projects in 

providing ñ4eò conditions. The agency typically provides conditions that relate to water flow regimes and 

temperatures to mimic more natural seasonal fluctuations. The many small hydro projects that started in 

the 1980s are less closely managed, and have added to fragmentation of the aquatic ecosystems, 

particularly on smaller headwater streams, to an unknown extent.  

Culverts on road crossings can also disrupt habitat connectivity by restricting upstream movement by 

species and causing amphibians to cross the road and likely be killed. While surveys of culverts on Forest 

Service roads have been done, implications for biodiversity have not been evaluated. 

Climate 

Effects of climate change on aquatic ecosystems are already occurring such as earlier snowmelt (Yarnell 

et al. 2010, CADWR 2012). This is likely to continue (Null et al 2010) and will impact aquatic 

ecosystems through seasonal changes, decreased water flows and increased water temperatures.  Earlier 

spring runoff can cause changes in spring emergence and populations of aquatic insects, the basis of 

aquatic food webs (Harper and Peckarsky 2006).  As a result, fish abundance, diversity and distribution 

may decline (Moyle et al. 2011).  Species restricted to limited areas, such as the Kern golden trout, are 

particularly vulnerable to climate change (Moyle et al. 2011, Katz et al. 2012).  Similarly, yellow-legged 

frogs occur in limited locations and impacts from climate change would be great, especially if sites dry up 
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during the summer. Warmer temperatures will also make frogs more vulnerable to disease (Vredenberg et 

al. 2007, 2010).  

The graph below is a schematic that shows seasonal patterns in water flow in streams throughout the year. 

It is based on water data from a stream on the eastern slopes of the Sierra Nevada. It depicts patterns now 

in the blue (darker) line with patterns beginning to emerge and expected in the future with climate change, 

warming and lower precipitation shown in the gray (lighter) line. Currently, between January and June 

there are consistent water flows, and then a sharp rise in June through July from snowmelt. It is then 

consistent and similar to the winter and spring from September through December.  With climate change, 

there are more erratic winter flows, from more rain and less snow, contributing to floods, shown as spikes, 

from rain on snow events. The rain causes the snow to melt early, resulting in flooding. Earlier snowmelt 

is also depicted, with peak flows in May, rather than June. Also shown are lower summer flows in June 

and July, and potentially periodic drying, with no flows, in August. This may occur, even in perennial 

streams. It is unknown to what degree and extent these changes will occur, but they are already being seen 

in terms of earlier snowmelt.  

 

More competition for increasingly scarce water as a result of a decreased supply and an increased demand 

by a growing human population may impact aquatic ecosystems. Water allocation models are currently 

based on unchanging climate and will result in less water available for biodiversity with future reductions 

in water supply from climate change (Null and Viers 2012). 
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Fire and Aquatic Ecosystems 

Aquatic ecosystems in the bio-region evolved over thousands of years with widespread, recurrent fire.  

With changes in vegetation and management since European settlement, the nature of fire has changed 

and the effects are more complicated. ñUncharacteristicò fires are those that are not typical of the historic, 

natural fire regime (Hardy 2005). In the bio-region, this generally applies to very large, dominantly high 

severity, intense fire patches, encompassing tens of thousands of acres or more.   

Fires that burn within the natural range of variation can benefit native fishes (Brown et al. 2001, Burton 

2005). The response of aquatic ecosystems to uncharacteristic fires is more complex. Fish in large 

populations are likely to benefit after fire, even after high severity fires in the long term despite immediate 

mortality in burned areas (Hunsaker et al. 2013). Similarly, fire within the natural range of variation can 

benefit amphibian diversity (Hossack and Pilliod 2011). But small, isolated populations are more 

vulnerable.  A single fire can be devastating by eliminating local populations (Hunsaker et al. 2013). 

When fires are followed with intense rainfall, mudslides and debris flows can occur (DeGraff et al. 2011). 

These can both rejuvenate in the long term and cause negative impacts in the short term to aquatic 

habitats (Burton 2005, Neville et al. 2012). Road crossings and trails are especially vulnerable to damage 

during intense fires and can deliver extensive sediment to streams if not properly stabilized and managed. 

One beneficial effect of fire is the addition of large logs from trees burned in the fires into rivers and 

streams (Pettit and Naiman 2007, Beche et al. 2005, Gregory et al.2003, Minshall et al. 1997, Young 

1994).  These logs are important in forming pools that provide habitat for trout and other species. 

There are many controversies and unanswered questions about the effects of different post-fire restoration 

actions on aquatic ecosystems. Research is still needed on what types of interventions and where they are 

most appropriate and effective (Long et al. 2013).  
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RESTORATION AND ECOLOGICAL INTEGRITY AND RESILIENCE  

 

Three 2013 fires in the bio-region, the Fish, Rim and Aspen, illustrate the range of potential effects of fires 

on aquatic ecosystems. The Fish Fire occurred on the Sequoia National Forest, where extensive landscape 

restoration of fire has occurred in the past decade. While high intensity patches occurred, the impact on 

aquatic ecosystems was localized and mostly low severity (Skaggs 2013). The impact of a single, very large 

fire, such as the Rim Fire, with extensive areas of high severity may be overwhelming to the larger aquatic 

ecosystem. Although soil severity was mostly moderate, since the Rim Fire moved so fast, vegetation 

severity was high wit h most plants and trees killed or severely damaged. The effects depend on rainfall, 

number of mud slides or debris flows, the amount, location and quality of road and trail crossings and 

rehabilitati on and stabilization , recovery of riparian vegetation, how many upland and riparian plants 

recover and their rooting strength to hold soil on the slopes above. The Aspen Fire affected a smaller area, 

with more mixed fire severity, but with some key areas that burned intensely. Some important areas that 

burned at high intensity were riparian forests that had been protected with little to no active management 

prior to the fire. The dense, older forest with high levels of large logs burned very intensely, as measured 

by the Fire Behavior Assessment Team (Ewell et al. 2013). This will have an impact on the aquatic and 

riparian ecosystems. While some of these impacts would have occurred historically, it is likely that they 

are now more common and more frequent . The result is some of the most sensitive ecosystems such as 

terrestrial ol d forest, riparian, and aquatic  burning the most intensely.  

 

The photo below shows one of the riparian areas on the Aspen Fire on the Sierra National Forest while it 

was actively burning. The photo was from a special, heat-triggered video camera in a stainless steel, 

insulated box that was set up by a specialized team of fire behavior assessment experts. Burning logs and 

standing trees can be seen, with orange flames one to several feet in length extending around and above 

the trees across the entire picture . The camera melted from the heat, despite the stainless steel box and 

special ceramic insulation. This has onl y happened once before in the ten year history of the team 

(Vaillant et al. 2013) and was due to the concentration of down logs and very dry conditions.  
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Riparian Ecosystems 

Bordering water bodies and uplands, riparian ecosystems link aquatic and terrestrial ecosystems.  

Riparian ecosystems have more plant and animal species than any other California ecosystem 

(Schoenherr 1992).  One fifth of the terrestrial vertebrate animal species in the Sierra Nevada depend on 

riparian habitat (Kattleman and Embury 1996). About one quarter of wildlife species that depend on 

riparian habitat are considered to be at risk of extinction today (Graber 1996).  In addition to diverse 

biota, riparian areas also play critical roles in water storage and filtering for water quality (Hunsaker et al. 

2013). Two different types of riparian areas are meadows and non-meadows. For both, the natural range 

of variability, species, special habitats and resilience are discussed. 

Meadows 

Meadows are dominated by flowering plants, grasses, and rushes with fine soils. The photo below is a 

typical upper montane meadow in the Sierra Nevada. In the foreground, the low growing vegetation is 

dominated by sedges, grasses, and a few flowering plants. The vegetation cover is high, with very little 

exposed ground. In the background, a forest surrounds the meadow, dominated by tall lodgepole pine and 

some white fir. Scattered throughout the meadow are smaller lodgepole pine trees, spreading into the 

meadow from the surrounding forest. This is ñconifer encroachmentò, associated with drying conditions. 

 

Upper montane meadow 
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Natural Range of Variability 

Meadows vary considerably in their condition relative to the natural range of variability. Most of the 

variation is due to historic human use, both removal of Native American management and intensive use 

during European settlement. 

Meadows have attracted humans for thousands of years.  Native Americans gathered plants, pruned, 

selectively harvested, weeded, irrigated, and preferentially burned meadows (Anderson and Moratto 

1996).  Native American cultural interest in meadows remains high (Lake and Long 2013), reflected in 

existing or pending stewardship projects such as the Indian Valley on the Plumas National Forest, and 

Meekôs Meadow on the Lake Tahoe Basin, or other collaborative management such as with the Fork  

Mono Tribe.  

In the late 1800s, meadows were dramatically altered by European-American settlers. Intensive livestock 

use resulted in extensive overgrazing and soil erosion (Menke et al. 1996, Gross and Coppoletta 2013).  

Other meadows were used for hay production (Momsen 1996).  Mining, water diversions, introduction of 

non-native species, fire suppression, and recreation have also occurred in the past and many of these 

practices continue today (Kattleman and Embury 1996). All of these past and current uses have 

contributed to incised channelsðlowered stream levelsðthat decrease water levels and vastly alter 

meadow ecosystems. There is a lack of meadows that have not experienced this history making 

reconstruction of the natural range of ecological conditions, and only indirect inferences are possible 

(Gross and Coppoletta 2013).  

Current conditions of twenty individual ecosystem composition, structure, and process characteristics 

were assessed in relation to the natural range of variability (NRV) including: plant species composition 

and richness, fire regime components, hydrology, grazing, distribution and size of meadows, vegetation 

height and biomass, and upland plant invasion (Gross and Coppoletta 2013).  Out of the 20 indicators, 20 

percent are considered within NRV, 65 percent outside of NRV, and the remainder could not be 

determined.  The total area of meadows has decreased due to past and current land use such as dams, 

diversions, and recreation, and upland species encroachment such as conifers and sagebrush from fire 

suppression or stream channel incision.  Recent research on channel incision in Sierra Nevada meadows 

showed 54 percent of meadows to be incised (Fryoff-Hung and Viers 2012).  While livestock grazing has 

probably contributed to channel incision in Sierra Nevada meadows, the effects of grazing are difficult to 

separate from those of other land uses such as construction of roads, railroads, and ditches, and climatic 

variability (Ratliff 1985).   

The overall biomass in meadows is within NRV, but species diversity of plants and animals are outside of 

NRV, mostly due to non-native plant species invasions (Gross and Coppoletta 2013).  Both floods and 

fires affect meadows. Fire return intervals are longer and may be contributing to encroachment of conifers 

into meadows.  Frequency and extent of small floods has decreased due to incised channels, dams, and 

gully formation in many meadows.  
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Species Diversity 

More information is known about meadow wildlife than plant species. Thirty-seven species of birds in the 

Sierra Nevada are dependent or strongly associated with montane meadows (Siegel and DeSante 1999).  

Collaborative monitoring of common and rare birds in meadows has been conducted by Partners in 

Flight. Limited information is available from these data at this time but will be in the near future. In the 

interim, several species were selected for evaluation: Yosemite toad, willow flycatcher, and great gray 

owl. These species were chosen because they occur across more than one forest, there is existing, 

available, information on them, and they are sensitive to two or more key drivers and stressors such as 

climate, water development, recreation, or fire. A number of plant species, particularly moonwort ferns, 

are of concern but comprehensive information on them is not readily available. More detailed information 

on plants will be included in the forest assessments and in special habitats (fens) below.  

Yosemite toad, an endemic species, and a proposed species for federal endangered species listing under 

the Endangered Species Act, occurs in meadows in the central and southern Sierra Nevada (USDI 2013). 

It occupies less than 50 percent of its historic range, and remaining populations appear to be in decline 

(Davidson et al. 2002).  Multiple factors have been attributed to the decline including: grazing, 

recreational trails, non-native fish, disease, increase in ultraviolet radiation, pollutants (USFS 2004), 

meadow wetness, and climate (Roche et al. 2012).  Particularly contentious is grazing in or near toad 

habitat. Recent research reported no detectable differences in toad occupancy or density between grazed 

and ungrazed meadows (Roche et al. 2012). Because of its preference for the wetter areas in meadows, 

the toad is most vulnerable to changes in meadow hydrology from channel incision and climate change 

(Pope and Long 2013).  

Willow flycatcher is another meadow-associated species that occurs in the wetter portions of meadows. It 

is a neo-tropical migrant that spends the winters in Central America and then breeds and summers in 

North American meadows. In the bio-region, it is found where standing water and tall willow shrubs 

occur. Once common throughout the western United States, the willow flycatcher is gone from much of 

its range. It is no longer found breeding in the central Sierra Nevada (Eldorado south to the Sequoia 

National Forest) (Greene et al. 2003). A declining population trend led to the listing of the willow 

flycatcher as a California state endangered species. In forest surveys, a stable or slightly increasing 

population since 2003 has been found on the Tahoe National Forest and to the north.  Water levels, 

predator vulnerability, and parasitic cowbirds are the primary threats to the willow flycatcher during the 

breeding season (Stefani et al. 2001, Cain et al. 2003, Soroka and Morrison 2005).  There may also be 

direct effects of grazing on willow flycatchers, although most of the effects are thought to be indirect 

through influences on meadow water levels from historic, intensive grazing, decreased willow foliage 

volume, and increased parasitic cowbird levels (Green et al. 2003).  The interaction of grazing and willow 

flycatchers is controversial. A comprehensive grazing study, such as the one for Yosemite toad would help 

to ascertain cause and effect. The role of impacts to tropical habitat in the willow flycatchers decline is 

unknown. 

Great gray owls are large owls that live in the edge between forest and meadows or other grassy openings 

and are listed as a California state endangered species. Only about 200 to 300 individuals remain in 

California (CDFG 2010). Yosemite is the southernmost range, where most are found in the bio-region. 

Some nest locations and other sightings have been made on the Stanislaus, Eldorado, Tahoe, and Plumas 
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National Forests. They nest in moderate dense forest with large snags or old trees, next to meadows or 

grassy openings (CDFG 2010). They are found most often in red fir forests, but also in mixed conifer or 

conifer-oak woodland. They hunt for rodents mostly in meadows, but also grassy open areas in forests, 

recently burned areas, and sometimes clear cuts or plantations (Greene 1995). In the winter, they move 

downslope to snow-free areas where they can more easily hunt. Detailed surveys of causes of decline are 

not available but automobile collisions, disease, and habitat loss from development or intensive 

vegetation management have been noted (Maurer 2005, Jepsen et al. 2011). Large reduction in tree cover 

from fire, vegetation management, or recreation sites, may make the forests unsuitable for nesting 

(Hayward and Verner 1994). Current trends in fire, climate and pace of restoration of fire resilience make 

fire a critical threat.  The Rim Fire spread in or near some of the great gray owl habitat but it is unknown 

at this time to what extent habitat or birds may have been impacted. As the fire burned in that portion of 

the park, it was less severe. But the fire illustrates how one particular fire may impact a species with 

limited distributions.  

Special Habitats 

There are two habitat types associated with meadows that are particular ñhotspotsò of biodiversityðthey 

are home to a large number of species, and often specialized, uncommon plants or animals. These are fens 

and aspen.  

Fens are peat-forming wetlands, with groundwater inflow, and form over thousands of years (Bedford and 

Godwin 2003).  Most are less than an acre in size. They are hotspots of biodiversity, with many unique 

plants and animals (Sikes et al. 2012).  Fens have been noted as one of the top sensitive habitat types in 

several assessments of the bio-region (SNEP 1996, USFS 2001, CNDDB 2009).  Eight species of 

threatened, endangered, or sensitive (TES) plants have been noted in fen habitat including several 

moonwort ferns, tall alpine aster, and numerous mosses.  The insectivorous plants, sundew and California 

pitcher plant are found in fens. Five federally listed or candidate threatened or endangered animal species 

have been recorded in fen areas including yellow-legged frogs, Cascades frog, Yosemite toad, and Owens 

tui chub (Sikes et al. 2012, CNDDB 2009). Two state threatened birds, the greater sandhill crane, and 

willow flycatcher, have also been observed.  

Recently, systematic surveys of fens on national forests in the bio-region have begun (Sikes et al. 2102). 

Preliminary results show that some fens are at risk. Most commonly noted factors include:  lowered water 

tables from gullies caused by trails (hiking and livestock), direct impact from off-road vehicles and 

livestock, and sediment from adjacent areas (Cooper and Wolf 2006, Sikes et al. 2012).  

Aspen is a deciduous tree that occurs across the bio-region where wet soils occur. It grows where there is 

subsurface water, such as around meadows and streams in red fir and lodgepole pine forests, throughout 

eastside landscapes in patches, and in rocky talus or pockets where snow accumulates (Estes 2013).  It 

supports very diverse understory plant and bird communities and has been described as a biodiversity 

oasis (Sheppard et al. 2006, Kuhn et al. 2011, Estes 2013). Riparian or meadow-associated aspen is the 

single most species-rich bird habitat in the Sierra Nevada. Several bird species of management interest are 

associated with aspen including Northern Goshawk, Red-breasted Sapsucker, Warbling Vireo, and 

Mountain Bluebird.  Aspen distribution is greatly reduced compared to pre-European settlement, and 

many stands are in poor condition due to conifer encroachment and poor regeneration.  
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The photo below is of an aspen stand, amongst a rocky slope between sagebrush and conifers on a slope 

on the eastern escarpment of the Sierra Nevada on the Inyo National Forest. In the foreground, a low 

cover of gray sagebrush is spread amongst rocks. Scattered between and behind are aspen of various 

sizes, mostly smaller saplings, and poles between two and eight feet tall. Dispersed between are several 

younger conifers. This photo illustrates aspen stands that are accessing water where snow accumulates or 

collects below the soil surface.  

 
Aspen stand on the Inyo National Forest 

Estimates suggest its extent in western North America has been reduced by as much as 96%, primarily 

because of fire suppression and historic overgrazing (Sheppard et al. 2001). Fire is important for seedling 

regeneration and killing conifers that compete for light (Sheppard et al. 2001, Kuhn et al. 2011, 

Shinneman et al. 2013). Less than 5% of the extent of aspen has been burned since 1904 in the bioregion 

(Estes 2013).  Active restoration through removal of conifer trees is occurring in some locations 

throughout the bioregion, but the total extent is unknown. Reductions in aspen stands have implications 

for associated biodiversity.  For example, it can lead reduced habitat for songbirds such as the warbling 

vireo and orange-crowned warbler (Burnett personal communication 2013).  

Grazing by native animals such as deer has occurred for thousands of years, but intensive livestock 

grazing in the mid-1800s had a dramatic effect on aspen (Estes 2013b). Currently, livestock grazing levels 

are much lower and current grazing practices including fencing have resulted in higher aspen sprouts in 

some areas (Kota and Bartos 2010).   
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Aspen are particularly vulnerable to reductions in water. Climate change and land use that alters water 

levels or availability are key stressors. Climate change has the potential to greatly affect aspen. Some 

climate change research has predicted that aspen distribution will decrease and it will become restricted to 

higher elevations (Rehfeldt et al. 2009).  Aspen stands accumulate more snow than conifer-dominated 

stands (LaMalfa and Ryle 2008). There has been a trend in increased restoration of aspen stands, because 

of their high biodiversity value and this may also increase water yields despite declines from climate 

change (Gifford et al. 1984, Kaufman 1985). It is unknown to what extent aspen restoration is occurring 

and how much effect it might have on water yields overall.  

Reductions in available water from roads, trails, or other activities that alter hydrology can also affect 

aspen. It is unknown to what extent these land uses are impacting aspen.  

Resilience of Meadows 

Resilience of meadow ecosystems is characterized the same as for aquatic ecosystems.  It is the ability to 

absorb environmental changes or disturbances, and still support native biodiversity and ecosystem 

services.  Meadows where there has been a history of intensive management, from mining or historic, 

intensive livestock grazing that contributed to incised channels are less resilient. Where there have been 

fewer historic changes, the ecosystem is more resilient. The primary drivers and stressors that affect 

resilience of meadow ecosystems are legacies of past management, current management intensity, and 

climate change.  Characterizing the resilience of meadows is complex and no single approach has been 

developed. The comparison of current conditions to natural range of variability (NRV) is one approach to 

assessing resilience. A second approach is to characterize hydrologic function, such as channel condition, 

soil stability, and overall vegetation. A third is to evaluate the susceptibility to climate change.  A growing 

body of scientific understanding suggests that the most robust assessment of resiliency of meadow 

ecosystems includes all aspects of meadow condition from hydrologic to vegetative and biodiversity 

(Purdy et al. 2012). Meadows that are determined to be resilient in one aspect of ecological integrity may 

be less so in another.  

Based on the NRV assessment described above, 65 percent of the characteristics used to assess meadows 

were considered outside the natural range of variability. It is unknown exactly how much each of these 

different characteristics affect resiliency of meadows. In addition, comprehensive information on each of 

these characteristics in meadows throughout the bio-region is unknown.  

The intensity of grazing can affect meadow condition and resiliency. Intensity of grazing can affect water 

infiltration rates, and root biomass.  Studies are lacking in the bio-region that include sufficient  

information on grazing intensity, utilization, duration, and timing, and ecological variation to draw 

conclusions about current conditions in meadows as related to different levels of grazing (Long et al. 

2013).  Results from a ten year Forest Service grazed, meadow monitoring program are currently being 

evaluated for ecological condition and trend by researchers at the University of California at Davis. 

Emphasis is on resiliency characteristics including hydrologic function in the short and long term based 

on ñfunctional groupsò of plants. For example, plants that have stronger and deeper root systems are rated 

as having higher hydrologic function because they stabilize and protect soil better (Frietas 2013).  Effects 

of grazing may be difficult to separate from effects from the amount of meadow wetness affected by 

many factors (Frietas 2013).  
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One of the most important characteristics of resilience in meadow ecosystems is ñchannel-floodplainò 

connectivity. When the stream channel has been incised, or cut down below the level of the meadow, it 

gets drier and plants decline. Some channel incision is natural, particularly in erosive soils, but more often 

it is a legacy of past management, such as roads or trails in meadows, or intensive grazing. When 

meadows lack soil stability, channel incision is one of the impacts that result. Based on a random sample 

of 100 meadows in the bio-region, researchers found that a little more than half had incised channels, with 

27 percent moderately to highly incised (Fryjoff-Hung and Viers 2012).  

Climate change can and may already be affecting resiliency in meadows by direct changes to water levels 

(USDI 2013).   

Non-meadow Riparian Areas 

Riparian non-meadow areas include both woody species of shrubs and trees, as well as herbaceous 

grasses, grass-like species, mosses, and ferns (Fites-Kaufman et al. 2007). These non-meadow riparian 

settings generally have shallower, rockier soils, or occur more often on steeper slopes (Potter 2005). 

Many land-dwelling animals, such as the fisher, use riparian areas as their preferred travel corridors 

(Zielinski 2013). Other species are drawn to the cooler, moisture climate, such as the California spotted 

owls in the foothill oak woodlands (Verner et al. 1992). 

 
Non-meadow riparian area 

This photo shows a typical, non-meadow, riparian area in the bio-region. A small stream of water flows 

through the center, with rocks on the edges and underneath, varying from one foot to several inches in 

size. A dense layer of deciduous, hardwood shrubs and trees form a shady cover over the stream. The 

trees include white alder, big-leaf maple, and the shrubs creek dogwood and willow. Scattered in the rocks 

are water-dependent plants including the large, umbrella leaved Indian rhubarb, and yellow monkey 

flower in the distance.  



90 

 

 

 

 

Unlike meadows that have been extensively studied in the bio-region, there is less scientific information 

available on biodiversity of non-meadow riparian areas. Information is available for individual water 

development projects, but there is no single database or compilation useful for this assessment (Lind 

2012).  

Characteristics of ecological integrity discussed are coarse-filter biodiversity and processes including 

natural range of variation in vegetation and fire as an ecological process. Water flow including seasonal 

changes, temperatures, and connectivity also affect riparian vegetation and animals. These water 

dynamics have been discussed above in aquatic ecosystems and are not repeated. Finally, an overall 

aquatic, riparian, and watershed ecological integrity index was developed as a first approximation for the 

bio-region. Information was not readily available for fine-filter characteristics and will be included later 

in the planning process as appropriate and available. 

Natural Range of Variation 

Sawyer (2013) conducted a literature review on the natural range of variation of riparian ecosystems in 

the bio-region. Little published information was available, and much of it centered on the lower edges 

bordering the Sacramento Valley, Truckee River, and lower east side (Owens Valley and Mono Basin).  

Riparian areas play important roles in ecological integrity of the bio-region because of their concentration 

of biodiversity, connectivity corridors, and location between land and water ecosystems. Overall, riparian 

areas are outside of the natural range of variability at low and mid-elevations, where fire suppression, land 

uses and water development have concentrated.  

Riparian areas cover less than  one percent of the land area, but encompass the headwaters for 24 major 

watersheds (Kattleman and Embury 1996), and are home to more plant and animal species than any other 

ecosystem in California (Schoenherr 1992), They are used by more than one-fifth of the vertebrate species 

(Graber 1996).  They are considered ñkeystoneò ecosystems, because they play a significant ecological 

role, compared to the area in the landscape they occupy (Gregory et al. 1991, Malanson 1993).  Riparian 

vegetation also plays important ecosystem functions in carbon, nitrogen, water cycling, and aquatic 

habitat. Riparian vegetation stabilizes stream banks, traps and stores sediment, improves water quality, 

provides nutrients to aquatic ecosystems, and is home to species that live in both water and land such as  

amphibians and some aquatic insects (Gregory  et al. 1991, Naiman and Decamps 1997, Patten 1998, 

Sawyer 2013). 

Vegetation varies with channel conditions, soils, valley shape, distance from water and time since fire 

(Harris 1998, Merrill et al. 2006, Russell and McBride 2001). Deciduous trees and shrubs are common, 

including aspen, cottonwood, white or mountain alder, dogwoods, and willows (Potter 1998, Merrill et al. 

2006).   

Riparian ecosystems have been changed by non-native invasive species and are among those areas of the 

Sierra Nevada most impacted by them (Schwartz et al. 1996). Himalayan blackberry, on the westside, and 

Russian olive and salt cedar on the eastside especially impact riparian ecosystems. They take over and 

disrupt or eliminate native plant species, and change water patterns.  Tall whitetop and purple loosestrife 

are found on both sides at low elevations and can rapidly spread and crowd out native plants and animals. 

There are often severe effects of invasives on biodiversity. Tamarix dewaters riparian areas, replacing 
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cottonwood and willow where a high proportion of bird diversity is found (Smith et al. 1998, Heath and 

Ballard 2003). Altered riparian systems may be especially vulnerable (Parks et al. 2005). The extent and 

detailed locations of these riparian invaders is not known. 

Riparian vegetation has almost disappeared in riparian areas where water flow has been nearly or 

completely eliminated due to water development (Kattelman and Embury 1996). Ninety-three percent of 

studied watersheds in the bio-region have clear gaps in the riparian corridor, largely from road and 

railroad crossings, timber harvest, private lot clearing, livestock grazing, and dam and diversion de-

watering (Kondolf et al. 1996). The gaps may be short or long, depending on the location and degree of 

water development and land-use.  

Recurrent flooding and fire that originated in adjacent uplands, promoted hardwood dominance over 

conifers (van Wagtendonk and Fites-Kaufman 2006).  Most riparian areas have characteristics that are 

suited to survive flooding or other disturbances, such as the ability to sprout or seeds that spread and 

germinate easily.  Disturbance is important to the ecological integrity of riparian ecosystems. Flooding, 

scouring and debris flows create diverse and patchy vegetation that in turn support diverse animal 

communities (Potter 1998, Kobziar and McBride 2006).  In many riparian areas in the bio-region, fire 

also played an important role in ecological integrity. 

Fire as an Ecological Process 

Fire suppression and other management practices that have limited fire in riparian zones have had a direct 

effect on the composition and structure of riparian vegetation (Van de Water and North 2011, Russell and 

McBride 2001, Sawyer 2013). This effect results in cascading changes to the aquatic environment, 

nutrient cycling, and food webs. Fires naturally spread into riparian areas, although sometimes in different 

ways and frequency than they burned in adjacent uplands (Collins and Skinner 2013). One of the most 

important fire effects is to favor deciduous sprouting shrubs, trees, flowering plants, and grasses that have 

difficulty with dense conifers that shade them (van Wagtendonk and Fites-Kaufman 2006, van de Water 

and North 2011).  Less healthy foliage and more insect-infested stems may occur (Lake 2013). Changes 

in leaf litter into streams can occur. The leaves, especially deciduous leaves, which fall into streams, are 

important parts of the food web that includes aquatic insects, frogs, salamanders, birds, bats, and fish. 

Reductions in deciduous shrubs or trees leads to less litter fall into streams and less food for the aquatic 

food web.  

The photo below is a close-up of a vigorously growing, recently sprouted willow in a riparian area 

following a prescribed fire. In the background, charred older tall stems are seen, with bright green foliage 

sprouting at the base.  
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Recently sprouted willow in riparian area 

Some have suggested that denser vegetation in riparian areas can cause a ñwicking effectò and more 

intense fire during wildfires.  Little to no definitive research has been conducted on this effect. However, 

there has been research on the topographic effect of drainages, or ñchimneysò on fire behavior (Viegas et 

al. 2005, Viegas 2006) and case studies on firefighter fatality investigations (Butler et al. 1998, Esperanza 

Fire Investigation Team 2006). Riparian areas often occur in drainages that tend to ñfunnelò or 

concentrate convective or radiant heat from fire. This can cause the fire to rapidly spread, accelerate, and 

burn more intensely in drainages (Agee 1998, Viegas et al. 2005, Taylor and Skinner 1998). How often 

this occurs is unknown, but there have been numerous observations by fire researchers (Fites-Kaufman 

2013) and fire crews. The negative impacts to riparian and aquatic ecosystems can be immense. Examples 

include the Cottonwood Fire on the Tahoe National Forest (Fites-Kaufman 2013), McNally Fire on the 

Sequoia National Forest (Skaggs 2013), and possibly the Rim Fire in 2013 on the Stanislaus National 

Forest.  

Information on the ecological role of fire in riparian areas, Native American fire management, and current 

observations is that they are resilient to low and moderate intensity fire and ecological integrity is 

enhanced by low to moderate intensity fire (Stickney 1986, Kauffman 1990, Miller 2000). Depending on 

fire behavior, timing, post-fire precipitation patterns, and type of vegetation in the riparian area the effects 

of high intensity fire are varied. Where the riparian area is dominated by hardwood or other sprouting and 

fire-enhanced plants, the effects of high intensity fire may be within the natural range of variability, unless 

it is very large and soil loss or mineralization occurs. Where there are conifers or old growth forest, the 

effects vary depending on the extent and how limited the habitat type is. Just like upland areas, fire 

suppression has resulted in accumulations of fuels outside of the natural range of variability (Arno and 

Allison-Bunnell 2002, North and Van de Water 2011).  Because of the higher moisture levels, the 
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accumulations can be greater and more rapid than in adjacent uplands. The high moisture can lessen the 

effects of some fires as well, but not during very dry conditions or when fire is accelerating in a drainage. 

Leaving riparian areas alone may enhance the likelihood of very high intensity fire with very high 

severity effects (Dwire and Kaufman 2003).  

Resilience and Restoration of Riparian Ecosystems 

Resilience to recreation and grazing depends on the intensity, timing and their effect on water tables to a 

large degree. Since many meadows and riparian areas still have impacts from past European-settlement 

activities such as mining, grazing, logging, and roads, restoration is an important priority across the bio-

region. Restoration is a key strategy for promoting ecological resilience to current factors including 

climate change, uncharacteristic fires (Hunsaker et al. 2013), and land use including grazing (Long et al. 

2013) and recreation. There are many uncertainties about restoration choices and effectiveness. 

Restoration of both meadow and non-meadow riparian areas are covered here, since the science and 

issues are similar.  

Restoration of water flow patterns on regulated streams or rivers can improve biodiversity resilience in 

riparian and aquatic ecosystems and has been a focus of recent water development relicensing processes 

(Hunsaker et al. 2013).  Mimicking natural flow patterns and removing barriers, especially in headwater 

areas where feasible can enhance resilience of foothill yellow-legged frogs, California red-legged frogs, 

native fish, and riparian habitat (Moyle and Mount 2007, Kondolf et al. 2012, Kupferberg et al. 2012, 

Yarnell et al. 2012).  

The importance of meadows for biodiversity and ecosystem services (e.g. grazing, water) in the bioregion 

was identified in the previous subsections and by numerous scientific syntheses (e.g. Long et al. 2013, 

Viers et al. 2013). Meadows play very important roles in many aspects of ecosystem resilience and 

ecosystem services such as water storage, filtration, and regulation (Viers et al. 2013).  Meadows have 

also been the focus of intensive human use for over 150 years. Yet, they are amongst the most at risk 

ecosystems to climate change (Viers et al. 2013).  Restoration strategies for meadows have focused on 

stream channel stability floodplain connectivity and water table levels (Long et al. 2013, Viers et al. 

2013).   

Long et al. (2013) reviewed the complex interactions of different types of grazing management on 

meadow resilience. There are still many unknowns but managing the intensity and timing of grazing can 

alter impacts and improve conditions in meadows with legacy problems (Briske et al. 2012). The 

interaction between riparian vegetation species composition, structure and function, grazing levels, 

seasonal and yearly variability in water availability, stream habitat, and temperature are unknown (Long 

et al. 2013). 

Approaches for meadow restoration depend on the degree of channel incision (Chambers and Miller 

2010). There are many different views and uncertainties regarding which kind of in-stream structures or 

other measures, such as bank stabilization are effective (Long et al. 2013). Monitoring and research on the 

effectiveness of these restoration methods for biodiversity is needed (Hobbs and Cramer 2008, Bernhardt 

and Palmer 2011).  Research on how condition assessments of riparian vegetation, channel hydrology, 

bird diversity, amphibians, fish, and aquatic insects shows that the condition of one factor may  not reflect 
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the status of another aspect (Purdy et al. 2012). For example, vegetation condition may be good but fish 

or amphibian status not. Monitoring of riparian restoration success often focuses on one or several factors 

and not all. The recent research demonstrates that integrated, multi-factor, ecological integrity monitoring 

is needed to evaluate the effectiveness of restoration on riparian function and resilience (Purdy et al. 

2012).  At this time, multi-factor ecological condition monitoring of meadows and riparian areas is not 

conducted on forest lands.  

Overall Ecological Integrity of Aquatic and Riparian Ecosystems 

An integrated assessment of ecological integrity was developed for the bio-region based on existing, 

available, spatial information. This is a broad brush assessment using varied elements that either support 

or decrease ecosystem function. This assessment is similar in concept to ones developed for fish across 

California (Moyle et al 2011) and watersheds in national forests across the country.  In addition, this is 

one element of the watershed assessments done across the region and referenced in the assessments for 

each forest. 

A simple watershed-based index was developed by first assigning positive points for watersheds with 

presence of native fish, amphibians, and insects. Negative points were assigned for watersheds with 

invasive or non-native species, water development, road density, and contraction of native species (once 

present but now absent). The points were totaled for each watershed and a percentage based on the total 

for the watershed with the maximum points. For example, if the maximum points were 50, then a score of 

25 out of 50 would get a score assigned of 50 percent. The purpose is to assess broad trends in aquatic 

ecological integrity across the bio-region. There was limited information on private lands in the foothills, 

particularly on the western slopes, and therefore the information is less reliable. Overall, the watersheds 

are rare that have full ecological integrity. 

In the map of aquatic ecological integrity below, there are several patterns across the bio-region. Higher 

elevation, subalpine watersheds in the southern Sierra Nevada are in the best condition, with positive 

although low index levels. This is primarily due to the presence of natives but the contraction of their 

distributions. Most of the rest of the watersheds fall below zero, with negative index ratings. This is 

primarily due to the presence of non-native species and contraction or loss of native species. The lowest 

ratings are in the central and northern portion of the bio-region where the most extensive water 

development has occurred. This includes most of the Modoc, Lassen, Plumas and Tahoe National Forests. 

From the Eldorado National Forest south, through the Stanislaus, Sierra, and Sequoia National Forests, 

watersheds have low ratings at mid and lower elevations but high ratings at high elevations. On the east 

side, the Inyo National Forest has a mixture of low and high index ratings. These are due to high levels of 

water development in some watersheds but low development in others. Much information was lacking for 

the Humboldt-Toiyabe National Forest to the north of the Inyo National Forest and south of the Tahoe 

National Forest and these indices are not reliable. The Modoc National Forest is similar to the adjacent 

Lassen National Forest with mostly moderate and low ratings.  Although less data was available for many 

of the lands in the foothills, the extensive areas of human development, depicted by the black areas, 

combined with extensive water development, indicates that these areas have low integrity overall. The 

exception is on some watersheds on the westside of the Lassen National Forest, where many of the native 

fish are still present. 
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Terrestrial Ecosystems 

Forests, oak woodlands, chaparral, sagebrush, and grasslands all are terrestrial or upland ecosystems. 

They cover the majority of the landscape in the bio-region. The Sierra Nevada bio-region contains a rich 

diversity of species due to a diverse climate, topography, geology, and proximity to several other diverse 

bio-regions (Minnich 2007). To the north, the Great Basin, Cascade and Klamath Mountains influence 

ecosystems. The Great Valley of California is to the west, and the Great Basin and Mojave Desert are to 

the east. About half of Californiaôs 7,000 plant species occur in the Sierra Nevada.  Four hundred occur 

only here. Sixty percent of the stateôs animals occur here (Graber 1996), 

At the bio-regional scale, the most important aspects of ecological integrity are those that cross 

administrative boundaries and are common to many areas. The result of these uses and trends in climate, 

fire, human population growth, increasing recreation use, and other ecosystem services has been that 

some aspects of terrestrial ecosystems have been notably changed and are the source of social controversy 

and management interest. Many different aspects of ecological integrity could be selected for the 

assessment. A set of ecosystem characteristics were chosen to assess based on: readily available 

information, representative of a cross-section of aspects of ecological integrity from species composition, 

to vegetation structure, landscape connectivity, natural range of variability, and fine and coarse filter 

aspects. An additional filter was that the characteristics were of social or management interest, and 

sensitive to one or more key drivers or stressors, such as fire and climate change. 

In the introduction, fine-filter and coarse-filter elements of ecological integrity were defined. For 

terrestrial ecosystems, several characteristics were chosen for each.  Often, they are not mutually 

exclusive. Natural range of variation for common vegetation types covers both coarse and fine-filter 

aspects of ecological integrity. Fire as an ecosystem process is a coarse-filter characteristic, but has many 

effects on fine-filter aspects, including understory plants, spotted owls, and fishers. Bird diversity in 

relation to vegetation structure has both fine-filter and coarse-filter aspects. For old forest, conditions and 

connectivity of California spotted owl and fisher distribution and habitat are addressed. Early seral and 

non-forest habitat are of concern because of fire suppression, but information is limited and it is addressed 

broadly. Affecting all aspects of biodiversity, regional connectivity, and resilience to climate change are 

broad patterns of land ownership and land use. Finally, ecological restoration strategies are important for 

ecosystem resilience and to restore and maintain ecological integrity. The pace and scale and particular 

strategies are a source of social contention but have immense impact on ecosystem resiliency and 

function.  

Natural Range of Variation 

Under the 2012 Planning Rule, ñnatural range of variabilityò is a key means for gauging ecological 

integrity.  Ecosystem sustainability is more likely if ecosystems are within the bounds of natural variation, 

rather than targeting fixed conditions from some point in the past (Wiens et al. 2012, Safford et al. 2012). 

Safford et al. (2013a) compiled comprehensive, scientific literature reviews on natural range of 

variability, and these are the primary basis for the summary below.   

Climate is a primary driver of the natural range of vegetation, animal communities, and processes such as 

fire. Much of the detailed information on how vegetation and fire have varied in the past is relatively 

recent, in the last several hundred years. Climate has been wetter, with fewer droughts in the late 19th and 

20th centuries than in earlier periods (Safford 2013b).  This means that pre-European settlement forest 

conditions may not reflect what will be resilient forests in the near future, given projected drying and 
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warming climate (Millar and Woolfenden 1999, Safford 2013b, Jardine and Long 2013). Safford et al. 

(2013a) included a summary of research on older climates, but the information is less specific, and is 

limited to pollen and charcoal records.   

Most of the wildlife-habitat relationship knowledge is from the altered conditions in the current 

landscapes. For example, research on habitat associations of the California spotted owl show that it 

prefers dense, canopied forests. In the past, when fires were more frequent and varied in effects, forests 

were patchier (Safford 2013b, North 2012) and it is unknown how the owls would have used these 

historic conditions.  

Vegetation and animal communities shift across landscapes over time, as climate changes. In mountainous 

areas, such as most of the bio-region, these shifts are often within a given range of elevation over 

centuries. For example, at the lowest elevations on the western slopes of the bio-region, mosaics of oak 

woodlands, chaparral and grasslands occur. The vegetation types shift over time with fire or land use and 

sometimes up or down in elevation.  Over longer time periods, thousands of years, the vegetation types in 

a mosaic may change. Since most of the information available is from the last several centuries, the broad 

elevational bands of the current mosaics of vegetation were used to describe the natural range of 

variability. These are the same ones shown in the map and described in the fire section to discuss fire 

resiliency: foothill, montane, upper montane, subalpine and alpine, eastside montane and pinyon-juniper 

and sagebrush.  The longest discussion is for the montane west and eastside ecosystems, since these are 

where the most changes have occurred and most active restoration is focused. 

Foothills 

The foothill ecological zone occurs at the lowest elevations and is comprised of chaparral, blue oak 

savannahs, live oak woodlands and forests, narrow riparian stringers along rivers and streams, seeps, and 

scattered gray pine or occasional patches of knobcone pine (Barbour et al. 2007). Overall, the vegetation 

and fire patterns in this zone are outside of the natural range of variability (Estes 2013, Merriam 2013). 

The foothill zone is among the most altered, and fragmented from urbanization and agriculture, and lies 

mostly below the western boundaries of national forests (Franklin and Fites-Kaufman 1996, USFS 2001, 

see developed area map in fire section). Vegetation is mostly out of the natural range of variability as a 

result of persistent non-native species, urbanization, water development, changed fire regime, and 

agricultural uses.   

The photo below shows a typical foothill landscape on the Sierra National Forest. In the foreground, open 

blue oak woodland, with 10-40 percent tree cover, over a green carpet of mostly non-native annual 

grasses is shown. The top of an evergreen live oak can be seen in the lower right corner.  On the gentle 

hillslopes extending up into the middle of the photo, large fields of orange California poppies are visible 

on the south-facing aspects. On the north-facing aspects, the oak woodland extends up. Scattered on the 

tops of the slope and ridge are rock outcrops of granite. This photo is from the Sacate Ridge Research 

Natural Area.  
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Foothill landscape on the Sierra National Forest 

Montane 

Ponderosa pine, black oak, mixed conifer, riparian forests, chaparral and meadows comprise the 

vegetation mosaic in the west-side montane zone (Fites-Kaufman et al. 2007).  Composition, structure, 

and fire regimes here have changed considerably since pre-settlement times and are largely outside the 

natural range of variability (van Wagtendonk and Fites-Kaufman 2006, Fites-Kaufman et al. 2007, 

Safford 2013b, Merriam 2013).  

 
Typical montane landscape
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The photo of the landscape above is typical for the montane zone. In the foreground, oaks with yellow, 

fall-colored leaves, are interspersed with canyon live oak, ponderosa pine, and scattered Douglas-fir. 

There are several large snags, with their bark still on, on the right of the photo, right where the slope 

drops off steeply into the canyon. These were likely killed by bark beetles in a dry year. Across the 

canyon, a large rock outcop is partially covered by a patch of white leaf manzanita and other shrubs that 

are low growing because of the very shallow, rocky soils. Few if any conifers have become established 

here. Above the rock outcrop, which is at least ten acres in size, is a broad slope containing a patchwork 

of hardwood, conifer and mixed stands. The cover is dense, more than 60 percent.  

The degree of change in tree species depends on rainfall at the site and location in the landscape (Fites-

Kaufman et al. 2007). On many, drier, more exposed ridge tops and south or west-facing slopes, pines and 

oaks have decreased substantially and shade tolerant species, such as cedar and fir, have increased 

(Safford 2013b). Shade tolerant incense cedar and white fir reproduce more prolifically and can crowd out 

pines when not periodically thinned or killed by low or moderate intensity fire (North 2013). In the 

northern Sierra Nevada where rainfall is higher, or on lower, north or east-facing slopes, the changes have 

been less dramatic, with a high proportion of Douglas-fir present before and now. At higher elevations, 

near the red fir forests, a higher proportion of white fir was and is typical.  Regardless of the mixture of 

dominant species, tree density is higher, canopy cover of trees more uniformly higher, small and medium 

tree density is higher and large tree density is lower (Fites-Kaufman et al. 2007, Safford 2013b).  
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Montane mixed conifer on a dry site on the East Plumas National Forest and 

moist site on the Eldorado National Forest
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The photos above illustrate the different types of mixed conifer forest and likely changes from fire 

suppression and land use history. The top photo is of a mixed conifer stand in the drier, eastside area of 

Plumas National Forest, within the Moonlight Fire area. In the foreground, several large (greater than 24 

inches diameter) ponderosa pine stems can be seen. Underneath them is a dense thicket of mostly 

Douglas-fir and incense cedar seedlings, saplings, and small trees, covering more than 80 percent of the 

ground. It is not possible to see what is behind the immediate thicket, because of the dense tree cover.  

Fire history studies in this area show that fire burned very frequently, every several to ten years (Moody et 

al.  2006) and the stand would have been more open with mostly pine. The bottom photo is from a moist, 

lower, north-facing slope on the Eldorado National Forest near Camp Creek. In contrast to the other stand, 

this has a large incense cedar stem in the foreground, sprinkled with yellow lichen. Surrounding it are 

fall-colored, red, yellow and orange Pacific dogwood trees, and saplings or pole-sized white fir, and 

incense cedar. In the background, patchy large (greater than 30 inch diameter) cedar, sugar pine, Douglas-

fir, and white fir are seen. Although fire was also frequent in these areas, intervals between fire scars were 

less regular, indicating either patchier fires or less regularly frequent fires (van Wagtendonk and Fites-

Kaufman 2006, Fites-Kaufman 1997).  

Tree regeneration and tree mortality have changed, partly as a result of changes in structure, but also due 

to fire suppression and apparently climate change. Regeneration of key species including ponderosa pine, 

sugar pine, Jeffrey pine, and giant sequoia require sufficient light in the forest understory to survive 

(North 2013). Tree death has increased throughout the western United States over the last four or five 

decades, especially in ponderosa and Jeffrey pine in the Sierra Nevada, where it has increased from less 

than one percent to almost two percent since the 1980s (van Mantgem et al. 2009, Safford 2013b).  

Trees are generally more uniform in size and spacing and there is less shrub cover today than in the past 

(North et al. 2009).  Fires are much less frequent (Skinner and Chang 1996, van Wagtendonk and Fites-

Kaufman 2006, Van der Water and Safford 2011, Collins and Skinner 2013), but there is less certainty in 

how the amount and distribution of high severity effects has changed.  Low and moderate severity fire has 

been reduced substantially, but the pattern of high severity fire is more difficult to reconstruct and 

evaluate, and is ñmuddiedò by early settlement fire.  

With less fire there are fewer interspersed chaparral and black oak clumps or patches within forests (Estes 

2013a, Merriam 2013).  However, increases in chaparral and hardwoods will most likely occur at lower 

reaches of the zone. The forest zone gets pushed up, compared to where it could grow when repeated, 

high intensity fire, outside the natural range of variability occurs (Sugihara personal communication 

2013). This has been observed on the Sierra National Forest and may be what is occurring on the 

Stanislaus National Forest where repeated high intensity fires in the chaparral- dominated canyons run up 

and hit dense pine forests or plantations such as observed in the Rim Fire in 2013.  

Overall resilience of the forests to drought and fire has decreased considerably due in large part to 

increases in forest density and uniformity (Safford 2013b).  Giant sequoias are particularly vulnerable to 

climate change, because wetter areas they depend on are expected to shrink (York et al. 2013 and Giant 

Sequoia National Monument Plan). 

Eastside yellow pine (Jeffrey and/or ponderosa pine) and mixed conifer forests are in similar condition to 

westside montane pine and mixed conifer forests, although changes in composition and structure are 

probably not as drastic as on the west side (Safford 2013b). Structure and fire regimes are outside of the 

natural range of variability, with denser trees, more uniform forests, and larger, higher intensity fires 
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(Reigel et al. 2006, Safford 2013b).  While frequent fires were once common in the dry, flatter, lightening 

prone landscapes east of the Sierra Nevada and southern Cascades, they were not usually so uniformly 

intense (Riegel et al. 2006, Skinner and Taylor 2006).  Plant composition has changed, but most species 

are still present (Safford 2013b). Type conversion to sagebrush or cheatgrass is a concern on the drier 

sites because harsh conditions make tree regeneration tough (Riegel et al. 2006). 

 
Jeffrey pine woodland on the Inyo National Forest 

The photo above is of open Jeffrey pine woodland, with a sagebrush understory on the Inyo National 

Forest.  The lower and mid bole and branches of a large Jeffrey pine dominate the photo. The reddish, 

furrowed bark and large branches indicate that the tree is relatively old, at least 100 years. Several low 

hanging pine branches on the back of the tree have open clumps of dark green needle clusters at the ends. 

These cast a wide area of shade around the tree on the ground. Below the pine tree, an open field of light 

grayish green great basin sagebrush is present, covering about 30 to 40 percent of the ground. Under the 

Jeffrey pine, a dense mat of orange-brown needles and scattered brown pine cones are seen. In the 

background, an open cover of Pinyon pine and other Jeffrey pines that are smaller in diameter with 

tighter, triangular crowns cover about 20 percent, with crowns that do not touch each other.  

Upper Montane 

Red fir forests, Jeffrey pine woodlands, lodgepole pine forests, meadows, alder patches, herbaceous 

patches and chaparral create a diverse mosaic in the upper montane ecological zone (Fites-Kaufman et al. 

2007).  Red fir forest composition is within but forest structure in particular is outside of natural range of 

variability (Meyer 2013a).  Structure has shifted with homogenization at stand and landscape scales, 

increases in small and medium trees, and decreases in large trees. This is a result of both fire suppression 

and past vegetation management (Meyer 2013a).  
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The photo below shows a view from an airplane of an upper montane landscape, with extensive forest 

broken up by interspersed granite rock outcrops covering about 20 percent of the area. In the background, 

the crest of the Sierra Nevada rises up with snow covered peaks.  

 
Aerial view of montane landscape 

Fire return intervals have lengthened (van Wagtendonk and Fites-Kaufman 2006), but total area burned 

has increased since 1984. Van Wagtendonk and Fites-Kaufman (2006) described the fire regime as bi-

modal, with fires occurring as small and slowly moving in the dense duff layers or mixed and sometimes 

high intensity fires when conditions are windy and dry. Overall, there is less certainty about historic fire 

in red fir forests because fire scars tend to rot and mixed-severity or bi-modal fire regimes are harder to 

document (Agee 1993, North 2013). Fire patterns vary with landscape context (North 2011). At lower 

elevations it is more similar to adjacent mixed conifer, but at higher elevations shows evidence of mixed 

severity fire (Skinner 2003, Taylor 2004, Scholl and Taylor 2006). There is evidence of high severity 

patches but the size and frequency are uncertain (Pitcher 1987, Stephens 2000). Currently, more of the 

low intensity fires are suppressed that produced small openings. Reduced shrub cover has been 

documented (Selter et al. 1986, North et al. 2002, Fites-Kaufman et al. 2006). 
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Contrasting Jeffrey pine and red fir forests in upper montane forests 
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The two photos above illustrate the contrasting Jeffrey pine and red fir forests that occur in upper 

montane forests in the bio-region. The top photo shows a very open old-growth Jeffrey pine woodland 

(less than 30 percent tree cover). The trees are rooted in fractures in the granite outcrop where pockets of 

soil have developed. A dense carpet of pink, spring wildflowers and scattered, low growing (less than 

two feet tall) greenleaf manzanita grow among the trees. The bottom picture is of a dense, old growth 

stand of red fir. Variably spaced, mostly large (greater than 30 inches diameter) red fir trees occur in a 

monotypic stand on a moderately sloping (30 percent) site. A few pole-sized (6 to 12 inch diameter) trees 

are scattered. Tree cover is high, exceeding 60 percent in most places. In the foreground, there is a short 

stub of a rotten snag, less than one foot tall. Some of the bases of the large trees are curved at the base, 

indicating that either the soil is unstable and moving downslope or snow accumulates upslope against the 

boles of the trees.  The forest floor is visibly bare of grasses or herbs, covered by a continuous layer of 

tree litter.  

Recent increases in mortality associated with moisture stress, insects and pathogens suggest that they may 

move outside the natural range of variability (NRV) soon. There is limited scientific information on NRV 

of chaparral in upper montane landscapes (Estes 2013a, Meyer 2013a).  Changes in fire regime from 

suppression and land use have decreased the number and size of shrub patches, but the expected species 

are still present.  Red fir forests are among the most vulnerable to climate change because of their 

dependence on snowpack (Lacacke 1990, NPS 2013). 

Subalpine and Alpine 

Subalpine forests are largely within the natural range of variability (Meyer 2013). There have been some 

shifts in structure toward higher density stands and a decrease in large diameter pines due to climate 

warming and logging in the 19th century.  Fire return intervals have lengthened, but total area burned has 

increased in some types since 1984. Overall fire regimes are within NRV at this time.  However, with 

climatic change anticipated, fire regimes are likely to increase in frequency, size of the areas burned and 

in severity. Increased mortality of western white pine from white pine blister rust has occurred, but 

otherwise mountain pine beetle outbreaks have likely not changed. There has been an upward migration 

of some species into alpine zones, and growth beyond the NRV, such as with bristlecone pine, is probably 

from increased temperatures. Subalpine forests are considered vulnerable to climate change (Eschtruth et 

al. 2013, TACCIMO 2013) and are projected to decrease by up to 85 percent or more by the end of the 

century.  
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Alpine/subalpine landscape on the Inyo National Forest 

The photo above shows a typical alpine/subalpine landscape on the Inyo National Forest. In the front half 

of the photo, a reddish, rocky talus slope is interspersed with a variety of low growing alpine flowering 

plants. A few, scattered, stunted subalpine conifers are interspersed. In the background, a large alpine lake 

sits in a glaciated, open, rounded basin. On the far slope, a low cover of dark green, low-growing 

subalpine conifers cover the rocky slope rising up from the lake. In the distance, a tall, flat-topped peak 

has no conifers and the appearance of no vegetation. It is likely covered with very low-growing, hardy 

alpine plants, hiding between the rocks for protection from the cold, harsh winds. 

Eastside Sagebrush and Pinyon-Juniper 

Pinyon-Juniper woodlands and sagebrush are prevalent across the eastern portion of the bio-region, 

dominating where it is driest (Slaton 2013, Slaton and Stone 2013). Overall, these ecosystems are outside 

of the natural range of variability as a result of invasive species, and intensive historic land use.  Research 

on some aspects is extensive, for instance with pinyon-juniper invasion and cheatgrass, but there are still 

many unknowns or aspects that are widely debated such as historic fire.  

The photo below shows the sagebrush type, which often occurs across large expanses. Across most of the 

front and middle of the photo, sagebrush shrubs interspersed with bare areas or perennial grasses and 

herbs can be seen extending across a broad plain to the mountains in the far distance. Sagebrush cover is 

moderate to high, with about 40 to 60 percent canopy cover. This is the more common sagebrush species, 

the basin sagebrush. The photo was taken in the fall or early spring, with gray green foliage, and golden 

brown flowering spikes extending straight up.  
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Sagebrush/Pinyon-Juniper Landscape (Crowley Basin) on the Inyo National Forest 

Long-term fluctuations and migrations of sagebrush and pinyon-juniper have been documented that 

coincide with changes in climate over hundreds and thousands of years (Slaton 2013, Slaton and Stone 

2013). Current patch structure and composition are within the natural range of variability, but landscape 

patterns are not. There has been an overall decline in sagebrush dominance but spatial extent has 

remained the same. Recently, pinyon-juniper has been encroaching on sagebrush and may be partly due to 

high precipitation in the early 1900s (Miller and Wigand 1994). On isolated rocky sites, juniper can reach 

more than 1,000 years of age and has always been dominant there (Waichler et al. 2001). But juniper is 

capable of growing on a wide variety of soils and since the 1800s has rapidly expanded, attributed to 

intensive early grazing and reduced fire, in addition to a wetter climate (Riegel et al. 2006, Slaton 2013).   

The photos below show the different types of pinyon-juniper. On the right, two very old junipers are 

shown growing over sparsely, vegetated, thin, rocky soils. On the right, an open, patchy stand of young 

juniper and pinyon-pine are growing over a densely covered sagebrush understory. 
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Different types of pinyon-juniper 

Little direct evidence of historic fire regimes is available, unlike in forested ecosystems where tree ring 

scars can be used (Riegel et al. 2006). Based on charcoal records and historic reports, fire regimes are 

partially outside of the natural range of variability, with less frequent fires in some areas, and more 

frequent fires where cheatgrass has invaded (Slaton 2013, Slaton and Stone 2013).  Intensive grazing in 

the 1800s and turn of the century resulted in decreased grass cover, which was a primary fuel for widely 

spreading fire (Reigel et al. 2006).  This contributed to less frequent fires (Slaton and Stone 2013). 

Shrub cover and plant species have changed with changes in fire and climate but there are many 

uncertainties. Higher sagebrush density is related to wet periods (Baker 2006, Slaton 2013b) but lower 

shrub cover, higher native perennial grass and herb cover  have been attributed to more frequent fire 

(Brown and Smith 2000, Miller et al. 2001).  Overall, plant species composition has remained stable, 

except for non-native species, especially grasses. However, 63 invasive plant species have been recorded 

in the area (Slaton 2013). The most widespread, with the greatest impact on native plants, is cheatgrass 
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(Chambers et al. 2007).  The susceptibility of ecosystems to cheatgrass is poorly understood. Lower 

elevations and drier sites are the most vulnerable.   

Fire as an Ecosystem Process  

Fire is the single most dominant ecological process affecting terrestrial biodiversity and ecological 

integrity across much of the bio-region. The nature of fire has changed dramatically in most ecosystems 

and vegetation types since the late 1800s. As described above, while fire overall has decreased, the 

incidence of ñuncharacteristicò fires has increased.  The dilemma of the ecological deficit of fire and 

prevalence of uncharacteristic fires is especially problematic in the mid-elevation yellow pine and mixed 

conifer forests. These forest types encompass 7.5 million acres in the bio-region (Safford 2013b), provide 

a large proportion of ecosystem services, and are the major habitat for two species of focused interest and 

controversy, the California spotted owl and fisher.  

Most scientists, land managers, and the public believe that current patterns of uncharacteristic fires are not 

desirable, for both social and ecological reasons (e.g. Collins and Skinner 2013, Keane 2013, Winters 

2013, Zielinksi 2013). In order to address the issue, it is important to consider the ecological role of fire. 

There have been numerous comprehensive compilations of scientific information on the ecological role of 

fire, such as the book Fire in California Ecosystems (Sugihara et al. 2006). Here, we summarize this and 

more recent information on the ecological role of fire in ecological integrity. 

Van Der Water and Safford (2011) conducted a comprehensive review of historic and current fire 

frequency data for all major vegetation types on national forests in California. This provides an estimate 

of how much has been ñmissedò with fire suppression across the landscape. The map below is from that 

analysis and shows the percent of departure from reconstructed, historic, mean fire return intervals. The 

lower and mid-elevations in the central and northern Sierra Nevada, and southern Cascades have 

experienced the greatest departures in fire. Yellow pine, mixed conifer, and hardwood forests and 

woodlands have generally experienced a two-thirds decrease in mean fire return interval. For example, 

research on evidence of fire from tree rings in giant sequoia stumps and logs in the Sequoia National Park 

showed that fires burned on an average every five to ten years within a watershed (Caprio and Swetnam 

1995). Currently, the frequency is more than 100 years between fires (Van de Water and Safford 2011).  

This extends across most of the Modoc National Forest south through the Sequoia National Forest. In the 

southeastern area, on the Inyo National Forest, the departure includes both reduced fire in yellow pine 

forests and increased fire in sagebrush where cheatgrass has invaded. At higher elevations in subalpine 

and alpine areas, there has been relatively little to no change. Upper montane, red fir, Jeffrey pine, and 

lodgepole pine forests have experienced moderate declines in fire return intervals, although as described 

above in the natural range of variability section, historic fire patterns are more variable.  
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Fire return interval departure
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The ecological implications of these departures from historic fire vary by the vegetation type (Sugihara et 

al. 2006).  The ecological role of fire in Sierran forests includes how it: prepares a seedbed for many 

plants, is important for nutrient cycling, affects successional patterns, modifies wildlife habitat, affects 

insects and disease, influences vegetation mosaics, and modifies fuels (Kilgore 1973, Chang 1996, 

Sugihara et al. 2006).  The role of fire in reducing and maintaining low and discontinuous fuel levels has 

been well reported. Less known are the specific effects on understory plant species and associated wildlife 

species but some key aspects are described below. Pyrodiversity creates biodiversity (Martin and Sapsis 

1992) meaning that the diverse way that fire burns across a landscape shapes the diversity of life there. 

Fites-Kaufman et al. (2006) described groups of plants that respond in different ways to fire including: 

fire-dependent, fire-enhanced, fire-neutral, and fire-inhibited. A majority of the plants that occur where 

there was historically frequent fire in the bio-region are fire-enhanced (van Wagtendonk and Fites-

Kaufman 2006). Notable examples include black oak, deer brush, ponderosa pine, and many understory 

plants such as bedstraw, violets, and mariposa lilies.  The highly valued Giant Sequoia tree is fire-

dependent, requiring fire to open cones and release seeds. Aspen is arguably a fire-dependent species, 

requiring fire to keep conifers from encroaching and out-shading them, and enhancing sprouting.  

For plants, there are varied effects but repeated (re-introduced) fire tends to enhance plant diversity in 

mixed conifer forests (Keeley et al. 2003, Webster and Halpern 2010).  Many plants in the bio-region 

have underground bulbs or stems that store food and energy buried deep below the ground, allowing them 

to survive high fire temperatures.  Plants with bulbs, including many lilies, often have flowering enhanced 

by fire. One notable example in the bio-region is the California State listed club hair mariposa lily. After 

the Cleveland Fire on the Eldorado National Forest, numerous additional blooming plants were located 

(Fites-Kaufman personal communication).  Other plants respond to increased nutrients and sunlight in 

patches that burn hotter (Keeley et al. 2003). 
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Club hair mariposa lily and woolly-seeded groundsmoke flower 

The photo on the left above shows the flower of the club hair mariposa lily. It is characterized by three 

broad, bright yellow petals, with a large stripe of ñhairò in the center.  The photo on the right is of the 

woolly-seeded groundsmoke flower. It has four white petals, with a light yellow center. Both of these 

plants are enhanced by fire. 

Bird diversity has also been tied directly to fire and indirectly by association with understory plants that 

are promoted by fire, such as shrubs.  Bird diversity increased in burned areas, with ground and shrub-

foraging birds increased (Raphael et al. 1987).  Recent bird monitoring in the northern Sierra Nevada and 

southern Cascades after recent large fires have shown increases in species associated with shrubs, 

herbaceous vegetation, bare ground and snags (PRBO 2012).  Dusky flycatcher, McGillivrayôs warbler, 

and fox sparrow increased. Mountain bluebirds increased and were noted foraging on the ground for bugs 

and using cavities in snags for nesting.  Numerous woodpeckers were found in burned areas (hairy 

woodpecker, white-headed woodpecker, northern flicher, red-breasted sapsucker, Lewisô woodpecker, and 

black-backed woodpecker). Dramatic increases in hummingbirds after the Moonlight Fire that coincided 

with an abundance of flowering plants were observed (Burnett personal communication 2013).   

Although fire can impact ecological integrity negatively, it also has many positive effects that have 

shaped biodiversity and vegetation density in many ways. The challenge is restoring the landscape and 

managing fire so that it has more positive than negative outcomes for ecological integrity (Collins and 

Skinner 2013, North 2012, North 2013).  Restoring diversity of fire intensity and severity across 

landscapes and years is most likely to benefit the habitat needs of many species, in contrast to single large 

fires. A varying and patchy pattern would more likely mimic the natural range of variability.  
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Old Forest   

Forests with large, older trees have been greatly reduced and fragmented since the 1800s from mining, 

logging, and more recently large, high intensity fires (Franklin and Fites-Kaufman 1996, USFS 2001 and 

2004).  A number of animals prefer large, and especially live old or dead trees for nesting, denning, 

resting, or roosting. California spotted owls, goshawks, fisher, and pine marten are notable animals that 

have been the focus of concern and management for decades in the bio-region (Verner et al. 1992, USFS 

2001 and 2004, Keane 2013, Zielinski 2013).  All of these animals are predators, and are important to 

overall ecosystem function and integrity as a result (Finke and Denno 2004, Roemer et al. 2009, Finke 

and Snyder 2010). They affect populations of other animals they prey on, and in turn, affect the plants or 

fungi or other animals these prey use for food (Zielinski 2013).    

Although forest cover is generally intact across much of the bio-region (Franklin and Fites-Kaufman 

1996), it is more uniformly dense (North 2012).  There are very limited areas with a combination of large 

tree clumps and fine-scale mosaics of openings that support sun-loving plants and the animals that live or 

eat there.  

The photo below is of old growth ponderosa pine forest from Yosemite National Park, where fire has been 

restored. Several clumps of two to three trees of old (more than 200 years), large (greater than 35 inches 

diameter) ponderosa pine trees, are shown over a dense patch of bear-clover shrubs and scattered 

wildflowers. In the middle is a small clump of pole-sized (six to eight inch diameter) incense cedar, with 

lower tree limbs pruned up, several feet from fire. A large log is on the ground, along with several pine 

seedlings.  

 
Old growth ponderosa pine forest from Yosemite National Park 

Snags and large trees are highly variable in the landscape. The number of large trees is lower and they 

have been removed entirely from some areas compared to historic conditions, particularly for foothill and 

montane pine and mixed conifer forests (Franklin and Fites-Kaufman 1996, USFS 2001 and 2004, Fites-
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Kaufman et al. 2007).  A recent summary of forest inventory and analysis data (FIA) show that densities 

are still low, mostly less than one per acre in these types.  Recent large high severity fires further reduced 

large trees, and often trees more than 200 years old.  It will take many years to replace these trees.  Recent 

concentrations of these fires on the Plumas and Lassen National Forests have resulted in large areas that 

had few large trees to begin with and now have only scattered remaining large trees.  Large tree death and 

reduced vigor have been reported, particularly in the southern Sierra Nevada, attributed to increased forest 

density, ozone, and climate change (Van Mantgem and Stephenson 2007).   

Fisher and marten are carnivores that use large trees and snags to rest and den in (Zielinski 2013). Fisher 

occur mostly in mixed conifer and mixed hardwood-conifer forests, and marten in upper montane red fir 

forests on the both the eastern and western slopes. Marten are often associated with meadow edges.  

The distribution of fisher is limited to a small population in the southern Sierra Nevada (Zielinski 2013) 

but previously it occurred throughout the western slopes of the bio-region. Early fur trapping contributed 

to at least some of the decline, but reductions in old forest habitat are also likely (Zielinski 2013). It is 

vulnerable because of its limited range and genetic diversity (Drew et al. 2003, Wisely et al. 2004). It is 

not known why they do not re-establish to the north, despite a widening band of suitable habitat on the 

Stanislaus National Forest (Spencer et al. 2008). The impacts of the Rim Fire have not been determined 

but likely extended the disruption in habitat. 

 
Fisher in snag 

The photo above shows the head of a fisher peeking out of a cavity in a large snag or partially dead tree. It 

has medium brown fir, with short, rounded ears, and a dark snout. Its large paws and claws, used to 

capture prey can be seen below the body at the lower left edge of the hole.  

Although the broad geographic extent of marten is intact, distribution and numbers are thought to have 

declined (Zielinksi 2013). Similar factors have contributed to marten reductions including historic fur 

trapping and habitat decline.  
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Although habitat research has shown that fisher and marten are associated with dense canopies now, it is 

not known how they used historic habitat when forests were patchier and more open. For example, fishers 

on the eastern edge on the Kern Plateau are associated with large trees, snags, and logs, but they occur 

where canopy cover is lower according to district biologists (Fites personal communication 2013). A 

recent scientific study of areas where fisher rest during the day concluded that fishers preferentially use 

steeper slopes, cooler microclimates, denser overhead cover, a greater volume of logs and a prevalence of 

large trees and snags (Aubry et al. 2013).   

Large, high intensity fires threaten to set back large areas of older or mature forest to early seral, 

fragmented habitat. This is a concern for fisher, because of its limited distribution (Zielinski 2013). Much 

of the habitat has a high vulnerability to fire (Spencer et al. 2008).  According to Spencer et al. 2008: 

Given the risk of uncharacteristically large patches of high-severity fire that are expected to result 

from decades of unnatural fuel accumulation, climate change, and other factors, it is generally 

believed that, if treatments can effectively reduce the risk of unnaturally large, severe fires, they 

may provide benefits that offset their localized risks.  

Similarly, there are concerns about the threat of large, uncharacteristic fires to California spotted owl and 

goshawk (Keane 2013, USFS 2001 and 2004).  Gradual, but steady population declines of California 

spotted owl over the past 20 years have been observed (Keane 2013).  Although the distribution of the 

spotted owl is still intact, there have been concerns raised since 1992 about areas where there are low 

numbers of owls, high fragmentation from past, large, high intensity fires, or mixed ownership with less 

certainty of owl habitat management. These were called ñareas of concernò (Verner et al. 1992). Some 

areas have numerous nest sites with limited quality habitat, and other concentrated areas have had tens of 

nest sites impacted by extensive, high intensity fires. There is uncertainty about the effects of large high 

severity fires on California spotted owls and goshawks, but it is not clear how well they persist after the 

fires (Keane 2013). There has been a disproportionately high concentration of owl nest sites impacted by 

high severity fire in the Sierra Nevada in the past decade, primarily from several large fires that burned 

under very hot, dry and often windy conditions in steep terrain.   

Research on the response of owls to large fires has yielded variable results (Keane 2013).  Bond et al. 

(2009) found higher than expected foraging in areas burned at high severity. But the study had limited 

duration, sampling, and study design and more information is needed (Roberts and North 2012). Mexican 

spotted owls and northern spotted owls have responded more positively to low and moderate severity fire 

(Keane 2013).  A high level of uncertainty remains regarding patch sizes of high severity fire that affect 

California spotted owl survival and reproduction (Keane 2013).  

The following map shows the areas of concern as polygons shaded light red and the owl nest sites with 

red dots that have had more than 50 percent of an area (half mile radius) around the nest site burned with 

more than 50 percent loss of overstory tree cover. The legend includes the abbreviation ñPACò.  This 

stands for ñprotected activity centersò, which are stands of approximately 300 acres delineated around the 

most actively used nest trees, where the best nesting habitat occurs. There are seven areas of concern, 

widely spaced throughout the assessment area.  There are three large areas of concern, encompassing 

hundreds of thousands of acres in broad swaths (east to west) on the Eldorado, Tahoe, Plumas and Lassen 

National Forest vicinities where large portions (more than 50 percent) of private land occurs. In the 

central portion of the bio-region, on the Stanislaus and Sierra National Forests, there are areas of concern 

that are smaller, but still in excess of 50,000 acres, running along the lower western slopes of the forests 
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and adjacent private lands where there were large, high severity fires (i.e. Stanislaus Fire Complex from 

1987) that disrupted habitat, and large areas of wildland urban intermix.  This area has burned again with 

the Rim fire. In the southern Sierra Nevada on the Sequoia National Forest, large high severity fires and 

extensive logging created areas of concern in the tens of thousands of acres.  There are over 30 owl sites 

that have been impacted by high severity fire in the last 15 years on the Plumas and Lassen National 

Forests as shown on the map. These are clustered just below the largest area of concern in the assessment 

area. All of the other national forests have had at least two and many three or more owl sites impacted 

similarly. Most of these other burned owl sites occur within or directly adjacent to the areas of concern.  

 
Map of fire severity effects and areas of concerns 



117 

 

Forest Heterogeneity, Early Seral Forest, Non-Forest Habitat 

Much attention has been focused on old or late-seral forest and habitats in the bio-region. Historic land-

uses and current fire management have also had widespread effects on the amount of early seral, or non-

tree dominated vegetation. There has also been a focus on forested vegetation types (USFS 2001 and 

2004).  

There are several types of early seral or non-forest types that can harbor different elements of biodiversity. 

Forests that have been burned at high severity, include typical young, ñearly seralò vegetation such as 

shrubs, grasses, and herbs, as well as snags from the previous forest. These are referred to as ñcomplex 

early-seralò habitat. There are also patches of early seral habitat that develop in forests from wind storms, 

insects, or other factors killing patches of trees. Other non-forest vegetation may occur on unique soils, or 

geologic features such as limestone rock outcrops or areas of serpentine soils. These areas have unique 

communities of plant and animal species. On the eastside, alkali flats support uncommon plants. Finally, 

the natural range of variability of sagebrush vegetation has been described, but a key biodiversity 

component, sage grouse, is a species that it is affected by landscape mosaics of sagebrush and riparian 

areas, and broad patterns of land use.   

Early Seral Forest and Forest Heterogeneity 

Early seral forest is a stage of development where younger trees, shrubs, or flowering herbaceous or grass 

species are dominant. This vegetation may cover large areas, tens to hundreds of acres in size, or small 

patches, gaps of single or several trees, within an older forest. Historical forests, prior to European 

settlement, were thought to contain much more of the understory vegetation componentðshrubs, herbs, 

and grassesðthan current forests.  Often this habitat was distributed in a variety of patch sizes, mostly 

small and embedded in forests, throughout much of the landscape (North et al. 2009, North 2012). North 

et al. (2009) calls this ñheterogeneityò. Forest heterogeneity is also characterized by a variety of tree sizes 

and densities, or patchiness. This heterogeneity is important to bird and small mammal biodiversity.  Plant 

diversity is also affected by forest heterogeneity, and some aspects related to fire were discussed above. 

The vast number of plant species and lack of information across the bio-region, make it impractical to 

include the details of all of them in this assessment. Species of conservation concern will be addressed in 

the individual forest assessments. 

Bird monitoring across the Sierra Nevada provides insight into how forest heterogeneity supports 

biodiversity and was summarized for this assessment.  A variety of common and other birds were 

monitored across the bio-region (PRBO 2012). A summary of the nesting habitat of the birds observed 

illustrates how forest heterogeneity contributes to biodiversity. The birds were grouped by preferred 

nesting habitat: ground, shrub, lower trees, overstory trees, snags, and cliffs. Birds nested in high numbers 

across all parts of the forest, but least often in live trees. The majority of the birds (60 percent) nest in 

shrubs, on the ground or in snags.  Most of the rest, nested in living trees.  The lowest proportion nested 

in rock outcrops or cliffs. These findings indicate that vegetation diversity, and heterogeneity, supports 

bird diversity. More detailed analysis of some of the characteristics of within-stand variation in forest 

structure is being developed for the individual forest assessments.  
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The picture of a patchy, heterogeneous forest below shows different nesting habitats and birds associated 

with them. The forest has a large patch of manzanita shrubs in the foreground. It also has small patches of 

bare ground dispersed across five percent of the area. On the left side are small, young trees, 

approximately 10 to 15 feet tall. On the left, behind the small trees is a snag, or standing dead tree. Across 

the back are several clumps of large, older trees, with stem diameters ranging from 20 to 30 inches across. 

They are approximately 100 to 150 feet tall.  

 
Patchy heterogeneous forest 

In the photo below, the white-headed woodpecker is shown on the upper left, its white head with a red 

crown sticking out of a hole in a snag. It is a young bird in the nest in the cavity of the snag. The bird in 

the middle is a hermit warbler that nests in the upper crowns of taller, overstory trees. It is distinguished 

by its bright yellow head, dark gray body and white stripes on the wings. On the upper right is the 

colorful western tanager. It is among the most colorful forest birds in the bio-region with its bright orange 

head, yellow body, and black wings. The tanager also nests in overstory trees, but near edges next to 

openings in the forest. The lower left picture is of a MacGillivaryôs warbler, with a gray head and neck 

and bright yellow body. It nests in shrubs. Finally, the mountain quail is shown on the lower right. It has a 

complex coloring, with a blue-gray top half, a black chin surrounded by a white band, black and white, 

vertically striped wings, and a gray back. It has a regal several inch plume extending from the top of its 

head. It nests on the ground.  
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Birds found in patchy heterogeneous forest 

Similar patterns occur with small mammals (White et al. in review). Flying squirrels are found in large 

snags or cavities in large trees, but they forage for truffle fungi on the ground during some times in the 

year. Mice are found on the ground, around logs or other habitat. Woodrats are found under shrubs or 

clumps of small trees. These are just some examples.  

Complex, Recently Burned Early Seral Forest 

Early seral forests following high severity fire, avalanche, or wind storms are often structurally complex, 

because of the shrubs, flowering plants, grasses, and abundant snags (Swanson et al. 2010). These can be 

small clumps, patches, or entire landscapes depending on the size of the disturbance.  As noted above, 

these areas can support diverse plants, birds, and fire following fungi, morelðwhich is highly sought 

after.  
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Star Fire on the Tahoe National Forest 
and morel mushrooms fruiting after a fire 

The photo on the left above shows a forest that was burned at high severity, eight years after the Star Fire 

on the Tahoe National Forest. A dense carpet of young trees, shrubs, and pink-flowering fireweed can be 

seen on the forest floor. Above that, numerous snags, over twenty per acre, of various sizes are standing. 

Half still have bark on them, and half do not. In the foreground, a large incense cedar snag is prominent. 

The photo on the right shows two morel mushroom fruiting bodies after a fire. In the center at the bottom, 

is a morel that is standing up on charred ground. Above that is a harvested morel in a basket. The morels 

are approximately six inches tall and two inches in diameter, with dark, ribbed flesh. They are considered 

a delicacy.  

Many woodpeckers are found in areas that have burned at high severity, due to the prevalence of snags 

and associated insects that colonize recently burned trees. Two woodpeckers that are found more often in 

burned areas are the Lewisô woodpecker and the black-backed woodpecker. There are concerns about 

populations of the black-backed woodpecker and the California Department of Fish and Game has 

released a report on its status (CALDFW 2013). More study would help ascertain its condition in 

California. One area of contention is the effect of post-fire salvage logging on the black-backed 

woodpecker (Hutto 2006, Hanson and North 2008, Siegel et al. 2012).  It is found in recently burned 

forests, with a high density of snags (Hutto 2006, 2008, Hanson and North 2008, Siegel et al. 2012).  

There is uncertainty about the historic patch sizes, amount, and distribution of high severity fire in the 

bio-region. It is likely that there were more high severity patches in varying sizes, especially smaller ones, 

distributed across the forested landscape historically. These contributed to the pattern of heterogeneity 

described by North et al. (2009). Currently, there is a lack of these smaller areas that burned at high 

severity, and instead extensive landscapes of tens of thousands of acres, concentrated in a few areas that 

are more typical. This is a concern for connectivity of species associated with early seral forests and 

habitat types.  
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Sagebrush and Sage Grouse 

Sage grouse lives in sagebrush habitat, with riparian areas in proximity.  Locations in California are 

restricted to several in the southeast, on the Inyo National Forest and adjacent BLM lands, and in the far 

northeast, on the Modoc Plateau.  Expansion of the non-native, invasive cheatgrass is reducing and 

fragmenting habitat.  Although fire is a natural component of the sagebrush ecosystem, more recently, it 

can also result in more rapid invasion of cheatgrass.  Since this species is restricted to the Inyo and Modoc 

National Forests in the bio-region, it will be discussed in more detail in the individual forest assessments.  

Land Use and Connectivity  

At the broadest, bio-regional scale, biodiversity is influenced by different land use. Private land 

particularly urbanized and developed areas or heavily used, managed forest lands, or designated areas 

with an emphasis on limited management such as wilderness, can vary in their influence on biodiversity. 

Land use is important to biodiversity for several reasons. First, special management areas may contain 

unique species and are considered biodiversity ñhotspotsò. Examples are botanical areas on serpentine or 

limestone soils. Other areas such as wilderness may provide habitat and refuge for species that are 

sensitive to human presence or activity. They are also areas where species can migrate freely in response 

to climate change. Urbanized and developed areas can act as barriers to movement of species, such as 

deer between winter and summer range.  

In between managed areas and private land is the majority of the landscape in the bio-region, which is 

managed national forest. There are also large areas of private land that are ñworking landscapesò managed 

for timber and wildlife or ranching and wildlife. Conservation easements are becoming more common on 

lands where ranching occurs. It is beyond the scope of this project to assess the extent of conservation 

easements or the detailed nature of private timberland management. Here, broad patterns of connectivity 

of ñopen spaceò contribute to regional ecological integrity and the implications of widespread land uses 

such as recreation.  

Open Space  

Connectedness of non-urban land or open space, species habitat, and ecological processes are important to 

biodiversity and ecological integrity (Lindenmayer and Fisher 2006).  Density and distribution of open 

space provides a broad picture of areas serving as habitat and movement corridors for individual species.  

Land where the focus is on resource management and conservation including county, state, and federal 

governments, land trusts, and conservation easements on private land are more likely to provide open 

space and connectivity for species and habitats, particularly species at risk. Urban areas provide habitat 

for other species that are specialized on human habitats.  These other species are not addressed here. The 

patterns in open space vary across the bio-region from north to south and by elevational zones.  

On the following map, open space was assessed by creating a picture of the density of urbanized areas 

and private land where management was uncertain into the future.  On this map, these areas are depicted 

as broad zones with different concentrations, or percent of area, of open spaces and other lands.  The 

assessment area is subdivided into six different geographic areas that depict differences in climate and 

dominant vegetation. On the western half, to the west of the mountain crest, are four geographic areas. 

The northern geographic area includes the southern Cascade Mountains and areas to the west, 

encompassing the western one-third of the Lassen and Plumas National Forests and the Lassen National 

Park. The central geographic area includes the western half of the Tahoe National Forest and the entire 
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Eldorado National Forest and adjacent private lands. The Stanislaus National Forest, Yosemite National 

Park and foothill areas to the east make up the central south geographic area. The southern geographic 

area is comprised of the Sierra and Sequoia National Forests, Sequoia and Kings Canyon National Parks, 

and private foothill lands to the west. To the east of the crest, there are two geographic areas. South of 

Lake Tahoe is the southeastern geographic area, encompassing the Inyo National Forest, the westernmost 

portion of the Toiyabe National Forest, intervening Bureau of Land Management lands, and private lands. 

The entire Modoc Plateau including the Modoc National Forest, and extensive Bureau of Land 

Management and private lands, the eastern two-thirds of the Lassen National Forest, and the eastern half 

of the Plumas and Tahoe National Forests comprise the northeastern geographic area.   The foothills are 

the most urbanized and have the least potential for open space, most with more than 75 percent private 

land. Beyond the foothills, open space is more continuous in the southern and central portions, with less 

than five percent private land than the northern portions of the bio-region. To the west and north of Lake 

Tahoe, there are alternating large areas with more than 75 percent private land with other areas of less 

than 25 percent private land.  Large areas on the Eldorado and Tahoe National Forests have extensive 

ñcheckerboardò lands, with 50 percent private land, a legacy from railroad land grants.  These broadly 

different patterns in open space were part of the basis for delineating different sub-regions across the 

assessment area, in addition to considering climate and biodiversity. 
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Open spaces in the bio-region 

Some of the foothill private lands are used for ranching, while above the foothills private lands are used 

for forest management. These private lands can provide benefits of ñworkingò landscapes with 

connectivity for a wide variety of species, if not all.  Recent reintroduction of fisher onto the private 

timber lands of Sierra Pacific Industries is an example of how focused attention on biodiversity and 

commercial timber objectives can provide for connectivity. Previously, fisher was absent from its former 

range in the northern Sierra Nevada and southern Cascades, but in the reintroduction area they are 

expanding and successfully breeding.  Time will tell the final outcome.  
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Fragmentation or breaks in connectivity from large, high severity fire, urbanization, and invasive plants 

all affect the ability of species to shift in response to climate change. Shifts in some animals have already 

been documented in Yosemite National Park (Yang et al. 2011). Upward or northern migration of species 

may be constrained by developed land, particularly in the foothills and northern part of the bio-region.  As 

the Chief of the Forest Service described in a January 2010 speech, in order to restore and maintain 

ecological integrity, the work needs to happen at a scale that takes an ñall-lands approach,ò bringing 

together landowners and stakeholders across boundaries to decide on common goals for the landscapes 

they share. 

Large Designated Areas 

There are five categories of specially designated areas on national forest lands that can provide unique or 

less human influenced biodiversity. These include: wild and scenic rivers, wilderness, research natural 

areas, special interest areas, and inventoried roadless areas.  These are areas where biodiversity may be 

more ñintactò (Davis and Stoms 1996), and are areas managed for native biodiversity.   

In a biodiversity ñgap analysisò, Davis and Stoms (1996) reported that overall 15 percent of the Sierra 

Nevada is in designated conservation lands. Less than one percent of the foothill zone is managed 

primarily for native biodiversity, and much of the high elevation subalpine and alpine areas, particularly 

in the southern Sierra Nevada, are within areas managed primarily for native biodiversity. This is 

primarily in wilderness areas and national parks.  

In the Sierra Nevada bio-region there are approximately 4.7 million acres of designated wilderness. 

Nearly half of the land base in the Sierra Nevada is designated wilderness. The majority (2,608,606 acres) 

is managed by the Forest Service. The Bureau of Land Management manages 2.25 million acres and the 

National Park Service 1.6 million acres of wilderness in the bio-region.  The majority of wilderness areas 

are from the Stanislaus National Forest south to the Sequoia National Forest. These wilderness areas are 

experiencing increasing recreational use.  

This map shows specially designated areas across the bioregion, including national forest, BLM, national 

parks, and state parks lands. The background is tan, with boundaries for the national forests depicted with 

white lines. There are six different designated areas, shown as colored polygons represented as follows: 

wilderness-dark green; inventoried roadless areas-olive green; wild and scenic rivers-dark blue; national 

parks-peach; and national monuments-yellow. Major water bodies, such as Lake Tahoe and Mono Lake 

are shown as light blue. The southern half of the bio-region has the greatest concentration of specially 

designated areas including Yosemite and Sequoia and Kings Canyon National Parks, extensive wilderness 

areas, shown as a band of dark green, along the crest of the Sierra Nevada and on both sides from Lake 

Tahoe south on the Stanislaus, Sierra, Sequoia, and Inyo National Forests. There are extensive areas of 

inventoried roadless areas bordering the wilderness on these national forests, as well as most of the 

eastern portion of the Inyo National Forest, along the White Mountains. The Giant Sequoia National 

Monument occupies the western one-third of the Sequoia National Forest. More than three-quarters of the 

Sequoia and Inyo National Forests are in specially designated areas and nearly one-half of the Sierra 

National Forest is in specially designated areas. In the central and northern half of the bio-region, 

specially designated areas are present as smaller, dispersed patches. These areas occupy less than one-fifth 

of the Eldorado, Tahoe, Plumas, Lassen, and Modoc National Forests.  
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Benefits to People from Functioning Ecosystems 

Despite the many benefits they provide, many ecosystems in the bio-region, the species, and their 

respective ecological processes are being negatively impacted by development trends, rising population, 

habitat fragmentation, intensification of human activity, and the effects of climate change. It has been 

estimated that by 2040, almost 20 percent of the Sierra Nevada private forests and rangelands could be 

affected by projected development (Duane 1996). These effects are of concern from an ecosystem 

services perspective, as they have resulted in diminished, interrupted, suspended, or redirected flows of 

ecosystem services and the benefits that they provide to people. 

Ecosystem services are the valuable outputs of healthy ecosystems and are critical to the wellbeing of 

people.  The bio-region provides an array of these services that are enjoyed directly by individuals and 

communities, such as water, wood products, energy, and recreational opportunities.  There are also many 

vital services that provide benefits that are less apparent in our daily life but are important for the support 

they offer the ecosystem, such as water filtration, carbon sequestration and biodiversity.  Discussion of the 

importance of the benefits provided by ecosystem services is also provided under the Fire Resiliency 

theme. 

Successfully addressing emerging deficits in ecosystem services requires stemming decline in ecosystem 

service production, as well as ensuring ecosystem service use is not wasteful or needlessly impactful to 

the ecological systems that provide them.  As a result, the Forest Serviceôs commitment to restoration 

management includes ñcommitment to a renewed focus on the sustainable delivery of ecosystem 

servicesò (USFS 2013b, p.1). 

When ecosystem services are interrupted or lost, the benefits to people are reduced and this affects the 

quality of our lives.  The 1996 Sierra Nevada Ecosystem Project estimated the value of some of the 

ecosystem services that are provided in the bio-region (Stewart 1996). This estimate focused on 

commodity services directly tied to existing economic markets, and determined that the bio-region 

produces approximately $2.2 billion worth of commodities and services annually.  This amount would be 

around $3.2 billion in todayôs dollars. Water accounts for most of this estimate and provides tremendous 

value to people around the state who depend on it daily.  Most of the water value accrues to water rights 

holders and beneficiaries outside of the region. Although the infrastructure to hold, divert, and channel the 

water is very valuable, relatively little direct employment is needed locally to operate and maintain these 

facilities. Other forest-based commodities account for a smaller portion, and the benefits accrued can be 

more local in nature. Timber, grazing and recreation involve many more employees locally and have 

greater visibility in the local economies. 

The estimated ecosystem services dollar value presented above is significant, and yet comprises only a 

portion of the value of the ecosystem services that are provided by resources in the bio-region.  

Ecosystem services such as cultural heritage, sense of place, aesthetics and biodiversity contribute to 

improving the quality of peopleôs lives but do not have an easily identifiable monetary or dollar value.  

This does not make them any less valuable or important (Metcalfe et al. 2013). Any loss of ecological 

integrity that results in a loss or interruption of these valuable services is an important consideration in 

maintaining the benefits people obtain from the national forests in the plan area. 

Many ecosystem services are provided simultaneously by landscapes across the bio-region and as a result, 

these landscapes provide an immense value to people.  For example, an area that provides wildlife habitat, 

rangeland for grazing and prime conditions for carbon sequestration may also be home to important sites 
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that support cultural heritage, protect water quality and provide recreational opportunities.  These 

landscapes that provide all of the benefits of these multiple services are where complementary and 

conflicting relationships between these services and their value will be an important consideration in the 

management of ecological integrity.  In addition, the importance of ecological integrity across broad 

landscapes in providing value to people highlights the fact that conservation of these services does not 

stop at administrative and political boundaries.  The coordinated management of ecosystem health across 

different agencies, as well as between public and private stakeholders, and the inclusion of this 

collaboration up front is a critical component of forest plan revision in the bio-region. 

Also important to note is the scale at which any potential interruption or loss of the benefits from 

ecosystem services will affect people.  Many services are thought of as benefiting only locals or ñon 

forestò users and therefore any decreases in these benefits are believed to affect only those people in close 

proximity to the forests.  Examples of these services are recreational opportunities for visitors and local 

employment resulting from forest commodities and supporting forest recreation.  However, the scale of 

these benefits is much larger and affects people across a much larger area.  When services such as water 

supply, electricity, carbon sequestration and cultural resources are lost, people across the state are affected 

even if they do not live near forests or never plan to visit the forests.  This value of these potentially lost 

benefits needs to be communicated to society so there is an understanding of the important role of forests 

in peopleôs daily life.  This value also needs to be considered in restoration as improved ecological 

conditions for supporting the sustainability these benefits should be considered in restoration planning. 

One threat to ecological integrity that can lead to a loss of these benefits is air pollution.  Air pollution can 

have a dramatic effect on the ability of these landscapes to provide ecosystem services.  The major 

pollutants causing ecological harm in the bio-region are ozone, which can be toxic to plants, and nitrogen 

deposition, which can induce undesirable effects on terrestrial and aquatic ecosystems (Byterowicz 2013).  

The risk of insect and disease mortality is another factor that can affect ecosystem services as the 

resources that provide these services are lost.  To better understand the extent of this potential effect, 

timber and carbon sequestration in the bio-region was examined using a forest health index that measures 

future risk of vegetation mortality from insect and disease.  This examination found that 56 percent of the 

important timber-producing land in the bio-region and 66 percent of the important carbon sequestration 

land in the bio-region is at medium or high risk for insect or disease mortality (Metcalfe et al. 2013).  As a 

result of factors such as air pollution and insect and disease mortality, the benefits to people who are 

dependent on functioning ecosystems are reduced through the loss of these forest resources.  In addition, 

reductions in forest health can result in more dead wood, which then adds to fuels in the forests, making 

areas more susceptible to fire.  More details on the threat to the value of ecosystem services from fire are 

provided under the Fire Resilience theme. 

Losing benefits from ecosystem services has an effect locally on quality of life, and also has impacts to 

economies that are dependent on forest activities, such as timber, grazing and recreation.  For example, 

impacts of air quality currently pose threats to recreation along the western slopes of the southwestern 

Sierra Nevada, which experience frequent episodes of unhealthy air and haze that obstructs visibility 

(Cisneros et al. 2010, Bytnerowicz et al. 2013).  Any potential declines in visits has an impact on the local 

economies that rely on that visitation to support that local economy, and reduces the recreational and 

aesthetic opportunities available to people.  More details on this important relationship can be found 

under the Sustainable Recreation theme.  
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Forest-based commodities and recreational opportunities are not the only ecosystem services potentially 

affected by a loss of ecological integrity.  Ecological integrity also influences the ability of ecosystems to 

provide many social benefits that support the diversity of values that people and communities hold.  The 

Sierra Nevadaôs history and culture have always been deeply connected to the land and its natural 

resources. For thousands of years, Native Americans have lived off the land, with a land ethic that 

included spiritual, philosophical and cultural dimensions (Anderson and Moratto 1996). They viewed 

humans as part of the natural system, helping to ensure abundance and diversity of plant and animal life. 

European settlers brought extensive changes to the landscape through mining, timber harvesting, 

ranching, farming, and water use, leading to long-lasting cultural views of the Sierra Nevada as a place 

valued for resource production (Walker and Fortmann 2003). A shift in focus toward nature-based 

recreation and tourism brought new visitors to the area, including many urbanites looking for a new place 

to settle, away from city life. New residents brought new values to the bio-region, tied more with scenic 

and environmental values than with resource production (Walker and Fortmann 2003). Healthy 

ecosystems help people and communities sustain these diverse values and cultures. 

Maintaining ecological composition, structures, and functions allows for continued use of the land over 

the long term for tribal uses, resource extraction, and recreation, as well as scenic beauty and existence 

values. However, the diversity of values also influences ecological integrity by putting more demands on 

forests in the bio-region. Increasing diversity occurring within and especially right outside the Sierra 

Nevada bio-region will add to the diversity of values and interests that already characterize visitors and 

residents in the Sierra Nevada and surrounding areas (Winter et al. 2013a).  Increasing population growth 

across different parts of the bio-region and California as a whole, as well as increasing demand for 

outdoor recreation and raw materials, is expected to put more pressure on public lands and lead to 

increased conflict and competition for access (Cordell et al. 2004, as cited in Winter et al. 2013b).  People 

who live far away from the Sierra Nevada can also be affected by management decisions.  Research 

shows that people living far from the Sierra Nevada hold substantial values for the regionôs ecosystems, 

and especially for their charismatic fish and wildlife (Long et al. 2013). 

The sustainability of the scenic attributes of the forests is also dependent on ecological integrity (Mattson 

and Mosier 2012). Visually, scenery in the bio-region appears largely intact; however, no estimates are 

available at this time to gauge scenic stability at the bio-regional scale. As population growth and 

urbanization continues, particularly along the Sierra foothills, so too will the demand for associated 

infrastructure, such as utility line, cellular towers, and alternative energy exploration and development. In 

addition, major unplanned events like wildfire will continue to occur. These factors, along with the 

current pace of ecological restoration efforts are expected to result in the loss of scenic character for a 

substantial portion of national forest landscapes in the bio-region, affecting recreation experiences, as 

well as the sense of place of individuals and communities.   

National forests can also provide benefits for educational and skill building opportunities through their 

conservation education and volunteer programs, along with training and work programs like the Youth 

Conservation Corps and California Conservation Corps.  Efforts that help restore ecological integrity to 

degraded systems not only help to sustain healthy forests, but also healthy people and communities. 

ñEcological restoration offers an opportunity to communicate positive messages, values, and activities, 

while addressing ecosystem threatsò (Charnley 2013, p.7).  Volunteerism is growing in importance in 

recreation in California, which enhances both peopleôs lives and landscapes (Roberts 2009). Themed days 

and special events like Coastal Cleanup, Public Lands Day, and National Trails Day increase the visibility 

of volunteering on public lands. New organizations and communication tools are helping to support 
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increased involvement from new and different groups. Decreasing federal budgets will continue to affect 

the ability to sustain and grow volunteer, training and work programs.  

The removal of Native American management from the landscape has influenced and continues to 

influence Sierra Nevada forests. Resource management by Native Americans in the Sierra Nevada bio-

region was long term and widespread, producing ecological and evolutionary consequences in the biota 

(Blackburn and Anderson 1993, as cited in Anderson and Moratto 1996). Therefore, many ecosystems in 

the Sierra Nevada are not self-maintaining islands that require only protection to remain in a ñpristineò 

state. There is currently an ecological ñvacuum,ò or disequilibrium, in the Sierra Nevada resulting from 

the departure of Native Americans from managing these ecosystems. The decline in biotic diversity, 

species extirpation and endangerment, human encroachment into fire-type plant communities like 

chaparral, and greatly increased risk of catastrophic fires are symptoms of this disequilibrium. Tribal 

communities within the Sierra Nevada present distinctive opportunities for mutually beneficial 

partnerships to restore ecologically and culturally significant resources, and to promote resilience. 

Forest management restoration activities to improve the integrity and functioning of ecosystems not only 

provide benefits to people in terms of sustaining the ecosystem services discussed above, but also by 

contributing to the wellbeing of communities.  Maintaining the local resources of capable infrastructure 

and workforce is necessary to the success of restoration, and also provides economic opportunities in 

these communities.  Current policy for national forest management calls for such approaches that 

accomplish ecological restoration goals, while simultaneously producing forest products that can benefit 

local communities (USDA 2010, USFS 2007).  More details on the important role of communities in 

forest restoration are provided under the Fire Resilience and Resilient Communities themes. 

2004 Sierra Nevada Framework 

Ecological integrity is not directly addressed in the current plan direction by that title. However, the 2004 

Framework has many references to the preservation and restoration of ecosystems. In the Implementation 

section the Regional Forester states: 

My intention is to provide for ecological restoration of processes and enhance long-term 

ecological integrity, assure the most efficient and appropriate use of government resources, 

minimize costs to holders of existing government contracts and permits, avoid disruptions to local 

communities, and reduce the likelihood of confusion.
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COMMUNITY RESILIENCE 

What Are We Trying To Sustain at the Bio-Regional Level? 

1. Opportunities that support the diversity of cultures and values 

2. Social interactions 

3. Local economic opportunities from forest activities 

4. Health, safety, education and skills  

As described in Charnley (2013, p.4):  

community wellbeing studies recognize that (1) wellbeing in forest communities was 

based on more than jobs and income, and included other quality of life attributes, such as 

health, safety, political participation, social equity, and access to social services; and (2) 

national forests can contribute to community wellbeing in multiple ways that include both 

commodities (e.g., timber, grazing, minerals, non-timber forest products) and amenities 

(e.g., outdoor recreation, scenic beauty, clean air and water, open space, forests and 

mountains) values associated with them. 

Wellbeing in local forest communities depends on community capacity, or the ability to respond to 

internal and external stresses, create and take advantage of opportunities, and meet the needs of residents 

(Kusel 2001, as cited in Charnley 2013). Community capacity influences the ability of communities to 

prepare for and adapt to change and stressors such as wildland fire and climate change. Communities that 

are resilient are able to cope with, adapt to, and shape change (Charnley 2013). ñIt is however, 

challenging to identify critical thresholds beyond which social systems will lose their resilience and break 

downò (Charnley 2013, p.6).  

Human wellbeing and ecosystem health are interconnected and interdependent. According to the 2010 

National Report on Sustainable Forests (USFS 2011a), through sustainable management, forests can 

contribute to the resilience of ecosystems, societies, and economies, while safeguarding biological 

diversity and providing a broad range of goods and services for present and future generations. Because 

the benefits of nature are irreplaceable, healthy ecosystems form the foundation for strong sustainability 

on which society and the economy depend. To achieve sustainability of national forest lands, management 

decisions need to account for influences and interactions of the environment, society, and the economy. 

According to Winter et al. (2013a, p.2), understanding linkages between humans and forests can greatly 

benefit restoration and conservation efforts and contribute to community wellbeing and resilience. 

ñDialogue with stakeholders, including forest community residents, can help managers in the 

identification of valued ecosystem services. In addition, discussions of valued services can facilitate 

stakeholder recognition of benefits they may not be aware of or value.ò  

In this section, there is discussion of aspects of national forest management in the bio-region that 

contribute to community wellbeing and resilience, as well as issues and trends influencing these aspects. 

Different types of communities are considered,  including local communities within the Sierra Nevada, 
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communities outside the Sierra Nevada that use national forests, and communities outside the Sierra 

Nevada bio-region that do not use national forests but benefit from them. 

Opportunities that Support the Diversity of Cultures and Values  

As described in Flora and Flora (2004), cultural capital includes the values and approaches to life that are 

passed on through generations. It is the filter through which people live their lives and how they view the 

world around them. It gives people their sense of identity and influences how they view the range of 

alternatives available to them in life. Supporting diversity in values and cultures helps people act 

positively toward themselves and their communities. In the Sierra Nevada, there are various ways that the 

Forest Service contributes to sustaining this diversity, which in turn benefits communities both inside and 

outside the bio-region.  

Diverse Community Values 

National forests across the bio-region support and influence a wide range of values and interests that 

communities have. This includes local residents, as well as communities outside the bio-region that 

directly and indirectly benefit from the forests. Additionally, forests in the bio-region are an integral part 

of Native American culture; traditions and values have been passed down through generations for 

thousands of years (McAvoy et al. 2004).  

Many long-time residents in the Sierra Nevada maintain cultural ties to the traditional, resource-based 

economy of the region, and continue to view the local landscape as a source of production and livelihoods 

(Walker and Fortmann 2003). Ranchers who move their livestock seasonally have a long history in the 

Sierra Nevada, depend on Forest Service range, and have a strong commitment to and affection for the 

lifestyle (Huntsinger et al. 2010, as cited in Charnley and Long 2013).  Management of these lands 

directly influences ranchers, affecting range vegetation and forage production and availability of land for 

range versus other uses (Huntsinger et al. 2010, as cited in Charnley and Long 2013).  Permitted livestock 

grazing on National Forest System land in California has been decreasing since the early 1900s.  

Timber harvest has long been an important part of the bio-regionôs cultural heritage and legacy. Since the 

late 1980s, timber harvest from national forests has steadily declined because of policy and legal 

constraints, restrictions on harvesting in unroaded areas, and appeals and litigation (Charnley and Long 

2013). While the majority of timber production in the Sierra Nevada now comes from private harvest, 

there has been increasing interest in developing new sustainable natural resource economies through 

restoration and biomass for energy production from public lands (Sierra Business Council 2007). 

Recreation and tourism have a long history in the Sierra Nevada. Outdoor recreation is part of the identity 

of many local communities, and demand for outdoor recreation opportunities continues to grow. Being 

outdoors is an important part of the California lifestyle, and national forests are part of an expansive 

network of local, state, and federal parks, forests, trails, and open space systems (Roberts et al. 2009).  

Beyond those who directly use national forests in the bio-region, ñresearch has shown that people living 

far from the Sierra Nevada hold substantial values for the regionôs ecosystems and especially for their 

charismatic fish and wildlifeò (Long et al. 2013, p.12).  

Management of National Forest System lands can influence community values by the opportunities 

provided on the land, and by contributions to environmental and aesthetic qualities of the region. The 
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Forest Service is required to sustainably manage national forests for multiple uses and benefits. This 

means managing for the best combination of uses that benefit the public, while ensuring productivity of 

the land and protecting the quality of the environment. This mandate supports a wide range of values that 

people and communities hold, but these uses and benefits have limits and also interact with each other. 

Tradeoffs are necessary in collaboration with stakeholders to support this mandate.  Balancing across 

values and interests can be contentious and emotional for those involved. 

While many local residents in the Sierra Nevada share values around maintaining the rural and 

environmental qualities of the region to which National Forest System lands contribute (Sierra Business 

Council 1997), how people prioritize those values and how they fit in relation to other values can vary, 

affecting decisions and activities they choose to engage in (Jones et al. 2003). Tensions have long existed 

among various stakeholders who compete for their interests regarding national forests in the Sierra 

Nevada. Population and settlement growth in the Sierra Nevada has largely been driven by a phenomenon 

known as amenity migration, referring to the movement of people from urban areas to Sierra Nevada 

forests for their amenity values, such as low crime, good schools, outdoor recreation opportunities, scenic 

beauty, and an overall improved quality of life (Loeffler and Steinicke 2007). Since the 1950s, a 

continuous influx of migrants from urban areas has influenced the culture of many rural and traditionally 

resource-based communities in the Sierra Nevada (Walker and Fortmann 2003). Newcomers are often less 

tied to natural resource production and more tied to scenic and rural qualities of the landscape, which can 

conflict with the views of long-time residents. As a result, long-time residents can feel a loss of social 

power and cultural identity (Walker and Fortmann 2003).  

Between 2000 and 2010, the population for the group of counties that intersect the bio-region boundary 

increased by about 16 percent from 5.6 million to 6.5 million people, while the state population increased 

eight percent (Lin and Metcalfe 2013). Many of the counties that intersect the bio-region include the fast-

growing cities of the Central Valley that lie outside the actual bio-region boundary. As shown in the map 

below, population change from 2000-2010 in and around the bio-region has been highly variable, with 

more population loss occurring in the northern and eastern portions and more growth in the central and 

southern portions.  
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Population change in the Sierra Nevada






































































































































